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LIST OF PHYSICO-CHEMICAL SYMBOLS, 1 


List of Physico-chemical Symbols adopted by the Chemical Society. 
[See J.C.S., 1921, 119, 502—512.] 


1. Mathematical Symbols. 


| Usual | Alternative 
symbol. symbol, 

Base of natural apes eagpepe.. ae e | 
Diameter ...... abi a 
Radius ..... enn r 
Ratio of circumference to diameter saniosialaaian 6 
SING ses cccdetithstcjsenestoesienss peaskeaial’ = 
Variation .... nelh icine seabed oat addabibindiaiehiad 5 | 
Total differential cossvecadincnces conccetonseeGutaet a 

d 


Partial differential 


2. Universal Constante. 


Acceleration due to gravity... 

Mechanical equivalent of heat 

Avogadro’s constant [number of molecules 
in | gram-molecule nati « . 

Gas constant per mole .. 

Faraday’s constant (number of. ‘coulombs 
per gram-equivalent of an ae ccececese 

Charge on an electron .........0c0scesceceececs 


ey BS YO 








3. General Physics and Chemistry. 











BEND occ -0c20e c00 000 cee cnn veeshanenoonenhube macnsous h 
Mass ..... m 
Time = t 
Volume ....... v, V 
Density (mass per t unit it volume) - a D 
ONE cen c00 veccsapanscevvcinsckbediooens C, 
Mole fraction . niles x 
Critical constants : pressure, " volume, ‘tem- Pes Us 
perature (centigrade), temperature te. T, 
(absolute), density assess cenengentediadene d, | 
Reduced quantities: pressure, volume, Pry Yr 
temperature, density ovsecssseb dee } t,, T,, 4, | 
van der Waals’s constants ................0+- 
Fluidity acenaniuns 
Viscosity oevchinienshens ancniéeneliidtinic 
Surface tension ................... + 


Diffusion coefficiont ............ 2.0.00 ceeceeseeeee 
SCID | cncsnsahitvedhitenocinste ese tssset 
Molecular weight ...........sssscccscsseess 
Velocity coefficient of reaction | 


a 
eR&DY soe 


Equilibrium constant icalbecdcnentcodietatne K, (K,, Ky) 
‘ 


van ’t Hoff 


coefficient ...... 


Degree of dissociation (electrolytic, theram] | 


eto.) 


O08 800 000 O08 808 508 608 Fes cee see sseseeseeses | a 


| 
| 
| 
| 
' 
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4. Heat and Thermodynamics. 


Temperature (centigrade) 
Temperature (absolute) 
Critical temperature 


Critical solution temperature enceiavinesedatens 
Quantity of heat ....... PERE ner ey rer eee 
Entropy . . 

Specific heat . ove 

Specific heat at constant pressure . 

Specific heat at constant volume _ 
Ratio of specific heats, Cy : Cy ....-..+2-eeceeeee 
Molecular heat ......... vousnsene 
Molecular heat at constant pressure bevoun sm 
Molecular heat at constant volume 

Latent heat per gram ..........00ceeceeeeeceeees 
Latent heat per mole _ 

Maximum work (diminution of free energy) 


5. Optics. 


Wave-longth of light  ........scsscerceeceeseeees 

Refractive index ..... 

Specific refractive power (Gladstone ‘and 
aes 

Specific refractive "power: ‘Corenta ‘and 
Lorenz) . - 


Molecular refractive power ..........+++s0ss0e0 


Angle of optical rotation .............seseeseeese 
a rotatory power 
olecular rotatory power seserovetouses 
—- Magnetic TOtation .........s00seeeeeeee 
olecular magnetic rotation .............s.+0+ 





i 


Usual 
symbol. 
t 
? 
ba FF, 


t, T, 
les» Pes 


A 
n 


Ta, (rel, 


rx (teh 
Re, R, 


(Reh, (Rik 


6. Electricity and Magnetism. 


Quantity of Senne ~ eneunonieeses 
Current intensity . peseccocceccecsesseseo ses 
PINNIN vincancencecscssodnscaneneccescenseeseones 
Electromotive force ...... 


| 
eeoe | 


Electrode potential, or discharge potential 


of an ion 


Electrode potential r referred to the normal 


hydrogen or normal calome! electrode | 


respectively, the —— of which is 
taken as zero . 


Normal potential, én Cn5 , the electrode poten- | 


tial referred to the normal hydrogen or 
normal calomel electrode respectively, 
when the solution is molecular-normal 
in respect of all participating sub- 


stances and ions of variable concentra- | 


COM ccc cccceccces 
Dielectric constant... 

Conductivity (specific conductance) . 
Equivalent conductivity .. 

Equivalent conductivity at “different “dilu- 


tions—volumes in litres containing | 


1 gram-equivalent 


Q 
I 


R 
E 


E 


Ey, EB 


Alternative 
symbol, 
6 


€,, € 


oft of 





LIST OF PHYSICO-CHEMICAL SYMBOLS, 


6. Hlectricity and Magnetiem—(continued). 








Usual Alternative 
symbol. symbol. 
Equivalent conductivity of cation and 
OF ANION occ coc cccccccccccs cee cccccc ccs ccccccces Ag, Ag 
Equivalent conductivity of specified ions... Ax: Aq 
Molecular Conductivity  ......sceseccssccscceces bh 
Velocity of cation and of anion in em./ sec. 
when the potential gradient is 1 volt 
Transport number of kation and of anion ... Te, The 
Magnetic permeability ...0........seeeeceeseeees mm 
Magnetic susceptibility ® 


Tist of Symbols, Arranged Alphabetically. 





yy 
~e lg baat oa 


> escer 





Name of quantity. 


Atomic weight; maximum work. 
Van der Waals’s constant. 


| Van der Waals’s constant. 


Concentration; molecular heat. 

Concentration; specific heat. 

Molecular heat at constant pressure, and at constant 
volume. 

Specific heat at constant pressure, and at constant volume. 

Alternative symbol for density. 

Diameter; total differential; density. 

Critical density. ¥ 

Reduced density. 

Electromotive force; electrode potential. 

Base of Napierian logarithms; charge on an electron. 


| Electrode potential referred to the normal hydrogen or the 


normal calomel electrode, respectively, the potential 
of which is taken as zero. 

Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration. 

Faraday’s constant (number of coulombs per gram-equiv- 
alent of an ion). 

Acceleration due to gravity. 

Height. 

Current. 

Van ’t Hoff’s coefficient. 

Mechanical equivalent of heat. 

Equilibrium constant. 

Equilibrium constant, when molar concentrations and 
partial pressures respectively are employed. 

Velocity coefficient of reaction. 

Latent heat per mole. 

Length; latent heat per gram. 

Molecular weight. 

Molecular rotatory power. 

Molecular magnetic rotatory power. 

Mass. 

Avogadro’s constant (Loschmidt’s number) or number of 
molecules in 1 gram-molecule. 

Refractive index. 
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List of Symbols, Arranged Alphabetically—(continued). 


Symbol. 


Me, Me 
n, 
Pp 


Po Pr 
Q 
R 
Re, Ry 


r 
Ta,TL 


poe eSS5S8um 


az @3 


A 
Ate» Mo» Noo 


Aty Aa 


&esomMar > 


|. 
= 


Name of quantity. 


Transport number of cation and of anion. 

Refractive index (alternative symbol). 

Pressure. 

Pressure. 

Critical pressure : reduced pressure. 

Quantity of heat; quantity of electricity. 

Gas constant per mole; electrical resistance. 

Molecular refractive power, according to Gladstone and 
Dale, and to Lorentz and Lorenz respectively. 

Radius. . 

Specific refractive power according to Gladstone and Dale, 
and to Lorentz and Lorenz respectively. 

Entropy. 

Absolute temperature. 

Critical temperature (on the absolute scale). 

Reduced temperature (absolute). 

Critical solution temperature (absolute). 

Time; temperature (centigrade). 

Critical temperature (centigrade). 

Critical solution temperature (centigrade). 

Reduced temperature (centigrade). 

Velocity of kation and of anion in cm./sec. when the poten- 
tial gradient is 1 volt per cm. 

Volume. 

Volume. 


| Critical volume : reduced volume. 
| Electrical resistance (alternative symbol). 


Mole fraction. 

Degree of dissociation (electrolytic, thermal, etc.); angle 
of optical rotation. 

Specific rotatory power. 

Surface tension; ratio of specific heats. 


| Diffusion coefficient. 





Variation. 
Partial differential. 
Electrode potential (alternative symbol); dielectric con- 


stant. 

Electrode potential referred to the normal hydrogen or the 
normal calomel electrode respectively, the potential of 
which is taken as zero (alternative symbols). 

Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration (alternative symbols). 


| Viscosity. 





| 


Temperature (centigrade), (alternative symbol). : 

Specific conductance (conductivity); magnetic suscepti- 
hility. 

Equivalent conductivity. 


| Equivalent conductivity at different dilutions (volumes in 


litres containing 1 gram-equivalent). 
Equivalent conductivity of cation and of anion. 
Wave-length of light. 
Molecular conductivity ; magnetic permeability. 
Ratio of circumference to diameter. 
Summation. 
Surface tension (alternative symbol). 
Fluidity. 
Specific magnetic rotation. 
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1. The Structure of Glutaconic Acids and Esters. 
Part II. «a-Substituted Derivatives of p-Methyl- 
glutaconic Acid. 

By GrorcGE ARMAND Ropert Kon and Eric Mervyn Watson. 

ANY unsymmetrically substituted glutaconic acid such as the 

a-methyl compound can theoretically exist in two isomeric forms 


differing in the position of the double bond; in addition, each of 
these should give rise to two stereoisomeric forms, thus : 


R-C-CO,H R-C-CO,H —-R-CH-CO,H R-CH-CO,H 
OR’ CR’ GR’ OR’ 
CH,CO,H  CO,H-CH, CH-CO,H  0O,H‘CH 
(I) cis-af. (II) trans-af. (IIL) cis-By. (IV) trans-By. 


As the great majority of glutaconic acids exist in two forms, it 
had generally been assumed that these are stereoisomeric (Feist), 
although the position of the double bond was uncertain. The 
alternative view, representing the two forms as “ normal” and 
“ jabile,” the latter alone being capable of stereoisomerism, has 
recently been abandoned (compare McCombs, Packer, and Thorpe, 
J., 1931, 547; Packer and Thorpe, J., 1926, 1199), but it is clear 
that Feist’s stereochemical explanation is not sufficient to account 
for the chemistry of the glutaconic acids. Thus, Feist’s experi- 
ments on the «8-dimethylglutaconic esters led him to the conclusion 
that these esters were mixtures of «8- and fy-isomerides (Annalen, 
1922, 428, 68), since oxidation products of both forms were isolated, 
although the «8 predominated; he merely concluded from this 
that there was no chemwal difference between the two acids (“ ein 
Unterschied mehr gradueller, als prinzipieller Natur”; loc. cit., 
p. 75) and that they were therefore stereoisomerides. Such a 
conclusion is clearly unsatisfactory : a pure solid acid must, apart 
from its configuration, have either the «$- or the #y-unsaturated 
structure, and, even if one form be represented by such a formula 
as the “‘ normal,” the second form must have one of the unsaturated 
structures. 

B 
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A repetition of Feist’s work on the ozonisation of dimethyl- 
glutaconic esters led to similar results, but it soon became apparent 
that esters of different origin contained varying proportions of the 
two isomerides; the ester prepared from the pure high-melting 
form through the silver salt was practically homogeneous and had 
the «f-structure, giving ethyl pyruvate and ethyl acetoacetate on 
ozonolysis, whilst the ester obtained by the methylation of ethy] 
isodehydracetate, although a mixture, contained mostly the fy-iso- 
meride. A mixture containing even more of the #y-form was 
obtained by methylating ethyl $-methylglutaconate through its 
potassium derivative. It is now clear that the method of esterific- 
ation used by Feist (heating with sulphuric acid and alcohol) 
caused extensive isomerisation and accounts for his results; unfor- 
tunately, we were unable to obtain sufficient quantities of the 
lower-melting form of dimethylglutaconic acid in a state of purity 
to examine its ester and were therefore zbliged to turn to the corre- 
sponding «-benzyl acids, both forms of which can be readily isolated. 

It has already been suggested by Bland and Thorpe that the 
lower-melting form, m. p. 134°, has the trans-configuration (II) (J., 
1912, 101, 1740), whilst the isomeride, m. p. 148°, which readily 
passes into the anhydride, is a cis-form. 

The ethyl esters have now been prepared from the pure acids 
through their silver salts under conditions precluding isomerisation 
(compare Hugh and Kon, J., 1930, 775), and their physical pro- 
perties carefully examined. They showed distinct differences, that 
derived from the cis-acid having the higher density and lower 
molecular refraction in agreement with the observations of Auwers 
and Ottens (Ber., 1924, 57, 437) on the refractivities of cis-trans- 
isomerides. On ozonolysis, however, the two esters proved to be 
structurally different, for whilst the ester of the acid, m. p. 148°, 
gave ethyl phenylpyruvate and ethyl acetoacetate, that of the 
acid, m. p. 134°, gave ethyl glyoxylate (and oxalic acid) and ethy! 
benzylacetoacetate : 


CH,Ph-C-CO,Et CH,Ph-CH-CO,Et 
mg (Me 
H,°CO,Et CO,Et-CH 
CH,Ph-CO-CO,Et + COMe-CH(CH,Ph)-CO,Et + 
COMe-CH,-CO,Et CHO-CO,Et 


It must therefore be concluded that the acids represent structural 
as well as geometrical isomerides, the higher-melting form (Bland 
and Thorpe’s “normal” acid) being the cis-«@ (I), the lower- 
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GLUTACONIC ACIDS AND ESTERS. PART I. 3 


melting isomeride being the trans-@Ry (IV) and not the trans-« (IT) 
as suggested by Bland and Thorpe (loc. cit.). 

The crude ester from which these two acids are derived (by acid 
and alkaline hydrolysis respectively) is produced by benzylating 
the sodio-derivative formed from sodium ethoxide and ethyl iso- 
dehydracetate and has properties closely resembling those of the 
trans-By-ester; oxidation shows that it consists largely of this 
ester, although the presence of some cis-«-ester is clearly proved. 
The trans-By-ester is evidently the primary product of the reaction 
and results from the opening of the pyrone ring of ethyl isode- 
hydracetate without change of configuration or wandering of the 
double bond, followed by alkylation, the acetyl ester then losing 
the acetyl group. 


-CMe-C-CO, Et H:CMe-OR-CO,Et 
bs t0 ths bbe ‘agen oate 
OEt'Na 

When either of the pure esters is treated with potassium ethoxide 
a potassio-derivative is formed but does not separate from the 
solution; on careful neutralisation with benzoic acid (Hugh and 
Kon, loc. cit.) an ester is produced which differs somewhat in pro- 
perties from the two parent esters and gives on ozonolysis an 
appreciable quantity of benzaldehyde in addition to products 
derived from the «f-ester; oxidation products derived from the 
Ry-ester could not be identified with certainty, so this can only be 
present in small quantities. These results point to the presence of 
a new ester of the formula CO,Et-C(:;CHPh)-CHMe-CH,-CO,Et ; 
and the corresponding acid, m. p. 173°, can be isolated by fractional 
crystallisation of the mixture obtained on cold alkaline hydrolysis 
of the ester. The latter is evidently produced from the potassio- 

«f-ester by the further wandering of the double bond : 


CO, Et-CH(CH,Ph)-CMe:CH-CO,Et —> 
CO,Et-C(CH,Ph):CMe-CH-CO,Et}K—> 
CO,Et-C(;CHPh)-CHMe-CH,-CO,Et. 


This reaction supplies a remarkable example of the change of a 
true glutaconic system into one containing a phenylisocrotonic 
skeleton and is, we believe, the first of its kind to be recorded. 
The change is doubtless connected with the great stability of 
systems in which a double bond is conjugated with the double 
bonds of a benzene ring (Linstead and Williams, J., 1926, 2735; 
compare Johnson and Kon, ibid., p. 2748). 

It is at present impossible to decide whether the intermediate 
potassium derivative is that shown above or is derived from the 
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benzylidene ester; it is hoped that alkylation experiments may 
throw a light on this problem. 

The new acid is remarkably stable to the action of alkalis and 
undergoes no change under conditions which cause interconversion 
of both the cis-«8- and the trans-Py-acid. Similarly, the acid of 
m. p. 173° must be fairly stable to the action of acids, because it 
was on one occasion isolated in small amount in the preparation of 
the cis-«8-acid from the crude ester by hydrolysis with concentrated 
hydrochloric acid. 

Similar experiments were also performed on the $-methyl-a-ethyl- 
glutaconic acids, m. p. 164° and 98° respectively (Bland and Thorpe, 
J., 1912, 101, 1557). It was again possible to esterify them without 
isomerisation, and oxidation with ozone supplied conclusive proof 
that the higher-melting form is the «f, the lower-melting the fy. 
Here again, the «$-form appears to have the cis-configuration, 
being readily converted into the anhydride, whilst the lower- 
melting form is only slowly attacked by acetyl chloride and is 
probably the trans-By-acid. (Although inability to form an an- 
hydride can be taken to denote a trans-configuration, the converse 
is by no means necessarily true; anhydride formation may proceed 
as the result of tautomeric change leading to change of configuration : 
compare Packer and Thorpe, loc. cit.). 

The ester obtained by the direct ethylation of ethyl isodehydr- 
acetate consists almost entirely of the trans-fy-ester. There is 
evidently less conversion into the «@-isomeride than in the benzyl 
esters, because ethylation proceeds readily at low temperatures 
whereas benzylation requires heating. 

Now it is evident that if it were possible to convert the two 
stereoisomeric forms of ethyl 8-methylglutaconate into sodio- or 
potassio-derivatives without change of configuration and replace the 
metal by an alkyl group, two stereoisomeric forms of the same 
a«-alkyl-8-methyl-fy-unsaturated ester should result. Thus, the cis- 


CH,-CO,Et CH-CO,Et} Na CHR-CO,Et 
CMe — CMe a CMe 
CH-CO,Et CH-CO,Et CH-CO,Et 


ester should yield the cts-fy-ester, and the trans-compound should 
be similarly formed from ethyl trans-8-methylglutaconate. 
Experiment shows that the two isomeric esters can be prepared 
in a state of purity by the silver salt method and are readily con- 
verted into potassio-derivatives. It was hoped to convert them by 
means of benzyl chloride into the two stereoisomeric forms of the 
a-benzyl compound (R = CH,Ph), of which only the ¢rans-form is 
known. The treatment necessary to produce the benzyl compound 
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GLUTACONIC ACIDS AND ESTERS. PART I. 5 


(high temperature) is, however, too drastic, and extensive isomeris- 
ation takes place leading to a mixture containing the two esters 
already discussed. Ethylation can, however, be carried out at a 
lower temperature and two esters are produced which appear to be 
the expected stereoisomeric forms of ethyl $-methyl-«-ethyl-Aé- 
propenedicarboxylate; of these the trans-compound is identical 
with that already described (IV), but the cis (III) is new; we have 
not yet succeeded in obtaining a solid acid from it, but the method 
appears to be promising and it is proposed to extend its application. 


EXPERIMENTAL. 


Ethyl «8-Dimethylglutaconate.—This ester was prepared from ethyl 
isodehydracetate by Feist’s modification (loc. cit.) of Bland and 
Thorpe’s method (J., 1912, 101, 1567), consisting in using 2 mols. 
of sodium ethoxide. The yield of ester, b. p. 129—135°/15 mm., 
ad” 1-0217, n#” 1-4543, [R,]p 56-79, was 80%. 

Ozonisation. 10 G. of redistilled ester (b. p. 130°/11 mm.), dis- 
solved in 90 c.c. of pure ethyl acetate, were treated with ozonised 
oxygen at 0° until no more was absorbed. The solvent was removed 
in a vacuum at room temperature, and the ozonide decomposed by 
shaking over-night with 100 c.c. of water, the products being taken 
up in pure ether. The extract was shaken with aqueous sodium 
bicarbonate (which removed appreciable quantities of oxalic acid), 
dried, and evaporated, and the residue distilled under 18 mm., the 
following fractions being obtained: (i) below 60°, (ii) 60—80°, 
(iii) above 80°, very small, mainly 135—140°, consisting of unchanged 
ester. The first fraction slowly developed a red colour with ferric 
chloride and gave with phenylhydrazine acetate the phenylhydrazone 
of ethyl pyruvate, m. p. 119°, and a little 1-phenyl-3-methyl- 
pyrazolone derived from ethyl acetoacetate. The second fraction 
developed an immediate, intense purple-red colour with ferric 
chloride and gave both phenylmethylpyrazolone and the phenyl- 
hydrazone of ethyl methylacetoacetate, m. p. 152° (mixed m. p. 
152—153°). 

Ethyl «$-Dimethyl-Ac-propene-xy-dicarboxylate.—The pure high- 
melting form of dimethylglutaconic acid; (I, R and R’ = Me) (Bland 
and Thorpe, loc. cit.) (11 g.) was covered with 300 c.c. of water, 
and the theoretical quantity of 2N-ammonia slowly added with 
shaking, any rise of temperature being prevented. The solution 
was further diluted with 200 c.c. of water, and a slight excess of 
silver nitrate solution added. The silver salt was collected, washed 
with alcohol and ether, and dried in a desiccator. It was then 
covered with dry ether and refluxed for 6 hours with an excess of 
ethyl iodide. The ester solution was washed with sodium sulphite 
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solution, dried, and evaporated. The ester boiled at 141°/18 mm. 
and had d®” 1-0289, n?®* 1-4545, [R;]p 56-38. 

Ozonisation. This was carried out exactly as described above 
and with similar results except that only a minute amount of 
oxalate was present in the bicarbonate washings and a very small 
amount of the p.cnylhydrazone of ethyl methylacetoacetate, m. p. 
152°, was isolated, the product being almost entirely ethyl pyruvate 
and ethyl acetoacetate. It is clear, however, that a small amount 
of conversion had taken place in the process of esterification. 

Methylation of Ethyl 8-Methylglutaconate.—Thorpe and Wood’s 
method (J., 1913, 103, 1758) was modified as follows: 3-15 g. of 
potassium were dissolved in 25 c.c. of alcohol dried over calcium, 
and the excess of alcohol removed in a vacuum. Dry ether was 
then added, and the evacuation repeated 3 times; the potassium 
ethoxide was covered with ether and 17-5 g. of the ester in 50 c.c. 
of ether were added, followed by an equal volume of dry petroleum 
(b. p. 60—80°). The potassium derivative, which formed very 
rapidly, was filtered off and well washed with petroleum, care being 
taken to keep it covered with petroleum; it was then rapidly 
transferred to a flask, covered with ether; and refluxed with an 
excess of methyl iodide. The ester finally obtained had b. p. 
131°/15 mm., d%* 1-0179, n®” 1-4525, [R,]p 56°81. 

Ozonisation. The same fractions were obtained as before. The 
first fraction gave a reddish colour with ferric chloride and a small 
amount of phenylmethylpyrazolone was obtained from it, together 
with the phenylhydrazone of ethyl glyoxylate, m. p. and mixed 
m. p. 157° (compare Kon and Nanji, J., 1931, 560). The second 
fraction, which constituted nearly the whole of the distillate, gave 
a reddish-purple colour with ferric chloride and contained mainly 
ethyl methylacetoacetate, although a little ethyl acetoacetate was 
isolated in the form of phenylmethylpyrazolone. The ester thus 
consists very largely of the ®y-form. 

** Labile” «-Dimethylglutaconic Acid (? IV, R and R’ = Me).— 
This acid was repeatedly prepared by the alkaline hydrolysis of the 
ester, but was generally liquid and sufficient quantities of the solid, 
m. p. 103°, have not yet been obtained for investigation. By 
analogy it can be assumed that this acid is the trans-A*-form. 

Ethyl «-Benzyl-8-methylglutaconate.—This ester was prepared as 
described by Bland and Thorpe (loc. cit.) except that 2 mols. of 
sodium ethoxide were employed. The ester had b. p. 195—205°/ 
16 mm. (mainly 199°), d2° 1-0645, n?* 1-5084, [R,], 81-31. A 
very similar product was obtained in an alternative preparation in 
which the benzylation and extraction of the ester were carried out 
in the cold (48 hours). 
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Ozonisation. This was carried out exactly as described on 
p. 5. Fractions were obtained from 10 g. of ester at 18 mm.: 
(i) below 90°, 2-05 g.; (ii) 90—140°, 2-4 g.; (iii) 140—155°, 2-8 g.; 
(iv) 155—165°, 1-0 g.; (v) above 165°, a few drops of the original 
ester. 

Fraction (i) gave a red colour with ferric chloride, and with 
phenylhydrazine the soluble phenylhydrazone of ethyl glyoxylate, 
m. p. 157°, and phenylmethylpyrazolone. 

Fractions (ii) and (iii) both gave a greenish-purple colour with 
ferric chloride and were evidently mixtures of ethyl phenylpyruvate, 
which gives a green colour, and ethyl benzylacetoacetate, which 
gives a purple; the former gave the semicarbazone, plates, m. p. 
159—160°, from dilute alcohol (Found : C, 58-1; H, 5-8. C,.H,;O,N, 
requires C, 57-8; H, 6-0%); whilst the latter ester gave the known 
semicarbazone, m. p. and mixed m. p. 169°, and with phenyl- 
hydrazine the pyrazolone, m. p. and mixed m. p. 138°. 

Fraction (iv) gave a purple colour with ferric chloride and con- 
tained ethyl benzylacetoacetate, which gave the semicarbazone, 
m. p. 169°, and the pyrazolone, m. p. 138°. 

The aqueous and bicarbonate washings gave a positive test for 
oxalate. 

The ester thus contained both the «$- and the (y-isomeride, 
roughly in equal amounts. 

Ethyl trans-x«-Benzyl-6-methyl -A®- propene - xy - dicarboxylate.—The 
trans-By-acid (IV; R —CH,Ph, R’ = Me) (Bland and Thorpe’s 
‘‘ labile ” acid) prepared as described by these authors was esterified 
by the method given on p. 5. The ester had b. p. 195°/13 mm., 
d= 1-0643, n® 1-5085, [R;]p 81-34. The ester can be hydrolysed 
to the pure trans-By-acid by cold dilute alkali. 

Ozonisation. This gave the same results as the mixed ester, but 
fraction (i) weighed only 0-1 g. and contained a minute amount of 
ethyl acetoacetate, identified as phenylmethylpyrazolone. The 
second fraction was also insignificant and gave a greenish-purple 
colour with ferric chloride, and therefore contained a small quantity 
of ethyl phenylpyruvate; no pure derivatives could be obtained 
from it. The third fraction, b. p. 145—170°/18 mm., made up 
nearly the whole distillate, the major portion boiling at 157°/18 mm. 
and consisting of ethyl benzylacetoacetate, which was identified as 
before. 

Quantities of oxalic acid were present in the aqueous and 
bicarbonate extracts. 

The ester was therefore the ®y-form, but contained a very small 
amount of the «8-isomeride. 

Ethyl cis-«-Benzyl--methyl-A*-propene-xy-dicarboxylate.—The cis- 
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a-acid ([; R = CH,Ph, R’ = Me) (Bland and Thorpe’s “ normal ” 
acid), prepared as described by these authors, was esterified by the 
method given on p. 5. The ester had b. p. 191°/10 mm., dz” 
1-0702, nn?” 1-5090, [Rz)p 80-95. 

Ozonisation. From 10 g. of ester the following fractions were 
obtained at 13 mm.: (i) below 70°, 3-4 g.; (ii) 70—120°, 0-6 g.; 
(iii) 120—160°, 5-0 g.; (iv) above 160°, a few drops. 

Fraction (i) gave a red colour with ferric chloride and consisted 
entirely of ethyl acetoacetate, identified as phenylmethylpyrazolone ; 
no ethyl glyoxylate was detected and no oxalic acid was present in 
the aqueous or alkaline washings. Fraction (ii) gave a dirty 
greenish colour with ferric chloride and contained both ethyl aceto- 
acetate and ethyl phenylpyruvate. The latter constituted the whole 
of fraction (iii) and was identified as before; no trace of ethyl 
benzylacetoacetate could be detected. The highest fraction also 
gave a green colour with ferric chloride, but consisted mainly of 
the original ester. 

The ester is thus the pure «$-compound. 

Action of Potassium Ethoxide on the Benzylmethylglutaconic Esters. 
—The pure trans-fy-ester (28 g.) was treated with potassium ethoxide 
in ether exactly as described on p. 6; no solid potassium deriv- 
ative separated even on addition of a large volume of petroleum. 
When the mixture was treated with a slight deficiency (10-3 g.) of 
dry benzoic acid, the dark red colour rapidly faded; after being 
mechanically shaken over-night, and filtered from potassium ben- 
zoate, the solution was evaporated and the residual] ester dis- 
tilled: b. p. 200—201°/18 mm., d?” 1-0630, n?® 1-5085, [R,]p 
81-44. 

Ozonisation. The following fractions were obtained from 10 g. 
of the ester at 20 mm. : (i) below 70°, (ii) 70—100°, (iii) 100O—160°, 
(iv) above 160°, a small amount of unchanged ester. Fraction (i) 
had a strong smell of benzaldehyde, which could be isolated in 
quantity as the semicarbazone, m. p. and mixed m. p. 220°. It 
also gave a red colour with ferric chloride, and phenylmethyl- 
pyrazolone with phenylhydrazine, confirming the presence of ethyl] 
acetoacetate. Fraction (ii) was insignificant in amount and con- 
sisted entirely of ethyl acetoacetate. The third fraction made up 
the bulk of the distillate and gave with ferric chloride a green 
colour tinged with purple, suggesting the presence of ethyl benzyl- 
acetoacetate; this could not, however, be identified with certainty, 
the only compound isolated being the semicarbazone of ethyl 
phenylpyruvate. No ethyl glyoxylate or oxalic acid appeared to 
be formed, so the ester consisted entirely of the cis-«8- and the 
benzylidene esters. Another specimen similarly prepared from 
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the pure cis-a$-ester had the same properties and gave the same 
results on ozonisation. We have so far been unable to isolate the 
second oxidation product, presumably ethyl «-keto-8-methylglutar- 
ate, which should be formed from the benzylidene ester. 

a-Phenyl-yy-methyl-A*-butene-B8-dicarboxylic Acid.—The mixture of 
esters described above was kept at room temperature for 4 days 
with 1-5 times the calculated volume of 10% aqueous potassium 
hydroxide and enough alcohol to give a homogeneous solution. 
The alcohol was removed under reduced pressure and the acids 
were liberated by careful acidification with 3N-hydrochloric acid 
in presence of a large volume of ether. The mixture of acids 
obtained on evaporation of the ethereal solution readily solidified ; 
it was extracted with successive small quantities of hot benzene, 
which removed the trans-fy-acid; the residue was recrystallised 
from water and formed small iridescent plates, m. p. 173°, sparingly 
soluble even in hot water, consisting of «-phenyl-y-methyl-A+-butene- 
88-dicarboxylic acid («-benzylidene-B-methylgluiaric acid) [Found : C, 
66:3; H, 5-9; M (dibasic), 233-6. C,,H,,0O, requires C, 66-6; H, 
6-0%; M, 234-0]. The barium salt, like that of the trans-fy-acid, 
is soluble in water. 

Oxidation. A solution of the acid in dilute aqueous sodium 
carbonate was covered with ether, and cold 3% potassium per- 
manganate solution added with vigorous shaking until the pink 
colour persisted. The ethereal layer on evaporation gave a good 
yield of benzaldehyde, which was identified as its semicarbazone, 
m. p. 220°. _ 

Action of alkali. 0-7 G. of the new acid, dissolved in 25 c.c. of 
20% potassium hydroxide solution, was heated in a closed tube 
for 90 minutes in boiling water; the solution was then cooled, 
diluted, covered with ether, and cautiously acidified; the recovered 
acid solidified at once, and gave the characteristic plates, m. p. 
173°, on recrystallisation from water, and its barium salt was 
soluble, thus showing the absence of the cis-«$-acid. Specimens of 
the cis-«B- and trans-fy-acids were similarly treated; the product 
in each case contained both acids, which were separated by means 
of their barium salts. 

Ethyl 6-Methyl-«-ethylglutaconate.—This ester, prepared from ethyl 
isodehydracetate in the same way as the lower homologue, had b. p. 
136—138°/15 mm., d? 1-0057, n#” 1-4545, [R,]p 61°44. 

Ozonisation. The following fractions were obtained at 15 mm. 
from 10 g. of ester: (i) 65—80°, 2-4 g.; (ii) 80—100°, 5-2 g.; 
(iii) above 100°, a small amount of unchanged ester. There was 
no distillate below 65°, indicating the absence of ethyl glyoxylate, 
but a quantity of oxalic acid was found in the aqueous and alkaline 
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washings. Fraction (i) gave an intense red colour with ferric 
chloride, and with sodium nitroprusside a deep violet colour, 
changing to red with potassium hydroxide and blue with acetic 
acid; these colour reactions point to the presence of ethyl «-keto- 
butyrate, but all attempts to isolate it in the form of phenyl- 
hydrazone were unsuccessful; ethyl acetoacetate was readily iden- 
tified in the form of phenylmethylpyrazolone. Fraction (ii) gave a 
purple colour with ferric chloride and contained ethyl ethylaceto- 
acetate, which was identified as its semicarbazone, m. p. and mixed 
m. p. 154°. The ester ozonised thus consisted of a mixture of «f- 
and fy-esters, the latter predominating. 

Ethyl cis-6-Methyl-«-ethyl-A*-propene-wy-dicarboxylate.—The pure 
cis-a8-acid, m. p. 164° (I; R = Et, R’ = Me) (Thorpe and Bland’s 
“normal” acid), obtained by the acid hydrolysis of the above 
mixed ester, was converted into the ester as described on p. 5; 
this had b. p. 126°/10 mm., d??* 1-0076, nB® 1-4528, [R,], 61-18. 

Ozonisation. The results were similar to those described above, 
but only traces of oxalic acid were formed and ethyl glyoxylate 
was absent; ethyl acetoacetate was present in quant:ty and a 
small amount of ethyl ethylacetoacetate was also identified. The 
ester thus consisted of the «$-form, but contained a small amount 
of the isomeric form. 

Ethyl trans - 8 - Methyl - « - ethyl -A8- propene - wy - dicarboxylate.—The 
acid, m. p. 98° (IV; R= Et, R’ = Me) (Bland and Thorpe’s 
“labile” acid), obtained by the alkaline hydrolysis of the mixed 
ester (Bland and Thorpe, loc. cit.), contains the cis-«®-acid as 
impurity; the latter can be removed in the form of the insoluble 
barium salt or by taking advantage of its sparing solubility in ether. 
There is an appreciable difference in the rates at which the two 
acids react with acetyl chloride in the cold, the higher-melting 
form being the more reactive, in accordance with the configurations 
assigned to them. The ester, prepared through the silver salt, had 
b. p. 136°/12 mm., d?” 1-0055, n?” 1-4540, [R,]p 61-45. 

Ozonisation. Only one drop of distillate was obtained below 
80°/13 mm. from 10 g. of the ester; this gave a reddish-purple 
colour with ferric chloride. The remainder, except for a small 
amount of unchanged initial material, boiled at 80—100° and gave 
a violet colour with ferric chloride; the semicarbazone of ethyl 
ethylacetoacetate, m. p. and mixed m. p. 154°, was isolated in 
quantity, and much oxalic acid was identified in the washings. 
The ester thus appears to be the pure By-compound. 

Ethylation of Ethyl cis- and trans-8-Methylglutaconates.—The two 
forms of 6-methylglutaconic acid were esterified through their silver 
salts, the ester from the acid of m. p. 149° having b. p. 130°/18 mm., 
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ad” 1-0296, n®*” 1-4505, [R,]p 52-29, and that from the acid of 
m. p. 115—116° having b. p. 136°/23 mm., d?” 1-0329, nf” 1-4505, 
[R; |p 52-12. The ester of the lower-melting acid is thus appreciably 
denser than its isomeride, in agreement with the cis-configuration 
assigned to it. 

The two esters were ethylated exactly as described on p. 6. 
The trans-ester gave a product identical in properties with the 
trans-By-ester (p. 10), b. p. 136°/13 mm., d?” 1-0054, nj” 1-4541, 
[Rp 61-46, and gave similar results on ozonisation, although it 
was found to contain a small amount of the isomeric «f-ester. 
The ester derived from the cis-ester was appreciably different, b. p. 
146°/22 mm., d?” 1-0028, n?*” 1-4537, [R;]p 61-58; it is charac- 
terised by its lower density and refractive index and higher mole- 
cular refraction. 

The results of ozonisation were similar to the above, although a 
good deal of unchanged initial material was recovered. A solid 
acid has not yet been obtained on hydrolysis. 


The authors’ thanks are due to the Chemical Society for a grant 
which has partly defrayed the cost of this investigation. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W. 7. [Received, November 2nd, 1931.] 





2. A New Reaction of Certain Diazosulphonates 
derived from B-Naphthol-l-sulphonic Acid. Part 
VIII. Preparation of Phthalazine, Phthalazone, 
and Phthalimidine Derivatives ‘a 2-Chloro- 
4-nitroaniline. 

By Freprerick MavuricE RowE and CHaRLes DUNBAR. 


In Part VI (J., 1931, 1073), the preparation of phthalazine, 
phthalazone, and phthalimidine derivatives from 2’ : 6’-dichloro- 
4'-nitrobenzene-2-naphthol-1-diazosulphonate has been described. 
In certain instances the results were different from those obtained 
in the absence of the chlorine atoms (J., 1926, 690; 1928, 2550; 
1931, 1067) and further evidence in support of the constitutions 
attributed to some of the compounds was desirable. Consequently, 
the corresponding 2’-chloro-4’-nitro- and -amino-derivatives were 
investigated. 

In general, the yields and properties of the present series of com- 
pounds are intermediate between those of the corresponding 2’ : 6’- 
dichloro- and unchlorinated compounds, although there are some 
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exceptions. Many of the 2’ : 6’-dichloro-derivatives were found 
to be associated with organic solvent of crystallisation, and this 
feature is again noteworthy. 

1-Hydroxy-3-(2’ : 6’-dichloro-4’-nitropheny])-1 : 3-dihydrophthal- 
azine-4-acetic acid is best reduced to 1-hydroxy-3-(2' : 6’-dichloro- 
4'-aminopheny])tetrahydrophthalazine-4-acetic acid by stannous 
chloride and hydrochloric acid, whereas in the absence of the chlorine 
atoms this reduction is best effected by alkaline hydrosulphite 
(hyposulphite), and the latter is also the case with the 2’-chloro- 
compound (I——> II), because subsequent degradation occurs more 
readily with acid than with alkali. 

A compound intermediate between an amino-3-phenylphthalaz- 
l-one and an amino-N-phenylphthalimidine has only been obtained 
with certainty as yet in the case of 3’-amino-3-phenyl-4-methyl- 
phthalaz-l-one, which gave 1-keto-3-(3’-aminophenyl)-4-methyl- 
tetrahydrophthalazine (J., 1931, 1919). Both 2’-chloro-4'-amino- 
3-phenylphthalaz-l-one and its 4-methyl derivative (III), however, 
under suitable conditions are reduced to 1-keto-3-(2'-chloro-4’- 
aminophenyl)tetrahydrophthalazine and its 4-methyl derivative (IV) 
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phthalimidine and its 3-methyl derivative respectively extremely 
difficult and the yields of the latter are low. In all examples pre- 
viously recorded, nitro-3-phenylphthalaz-l-ones are merely reduced 
by aqueous sodium sulphide to the corresponding amino-derivatives, 
and although this is also the case with 2’-chloro-4'-amino-3-phenyl- 
4-methylphthalaz-1-one when reduction is rapid, prolonged boiling 
gives 1-keto-3-(2’-chloro-4’-aminophenyl)-4-methyltetrahydrophthal- 
azine. 

The compounds obtained by methylating the oxygen atom in 
the keto-group of 4’-nitro-3-phenylphthalaz-l-one and its 2’ : 6’- 
dichloro-derivative possess entirely different properties (J., 1931, 
1075). It was anticipated that further information in this con- 
nection might be obtained from 2’-chloro-4’-nitro-3-phenylphthalaz- 
l-one. Remarkable difficulties were encountered in preparing this 
compound, however, and although formed, it could not be purified. 
The impure substance was methylated, but the gens also resisted 
all attempts to purify it. On the other hand, 2’-chloro-4'-nitro- 
3-phenyl-4-methylphthalaz-1-one (V) is obtained in a normal manner, 
and methyl sulphate, followed by treatment with alkali, undoubtedly 
converts it into 2'-chloro-4'-nitro-1-methoxy-3-phenyl-4-methylene- 
3 : 4-dihydrophthalazine (V1). 


EXPERIMENTAL. 


Where no details of preparation are given, the 2’-chloro-compounds 
were prepared exactly as described for the Ma eI EET:: 2’ : 6’- 
dichloro-compounds (J., 1931, 1078). 

average Hy ydrogen 3-(2'-Chlore-4' -nitrophenyl)- 1: 3-dihydrophthal- 
azine-1-s Itered solution of 50 g. of commer- 
cial 50% sodium pacstsheh Acnbbsbiets in 120 c.c. of water was 
stirred at 0° into a solution of diazotised 2-chloro-4-nitroaniline. 
The latter was obtained by boiling 17 g. of 2-chloro-4-nitroaniline 
with 180 c.c. of concentrated hydrochloric acid and 100 c.c. of water 
until dissolved, then adding 80 g. of ice with stirring and external 
cooling so that the hydrochloride separated in a fine condition, 
and finally adding a concentrated aqueous solution of 7-5 g. of 
sodium nitrite. The diazo-solution was filtered from unaltered 
base (1 g.). The 2’-chloro-4’-nitrobenzene-2-naphthol-1-diazo- 
sulphonate separated immediately as an orange-brown precipitate, 
which was treated successively with sodium carbonate and hydroxide 
solutions. Orange needles of sodium 1-(2’-chloro-4’-nitrobenz- 
eneazo)-$-naphthaquinone-1-sulphonate separated from the sodium 
carbonate solution, and 2’-chloro-4’-nitrobenzeneazo-$-naphthol 
(2—3 g.) was removed after acidification of the sodium hydroxide 
solution. Sodiwm hydrogen 3-(2'-chloro-4'-nitrophenyl)-1 : 3-dihydro- 
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phthalazine-1-sulphonate-4-acetate (yield, 34-5 g.; 83%, calculated 
on the 2-chloro-4-nitroaniline actually diazotised) crystallised from 
water (charcoal) or from ethyl acetate in small yellow needles 
(Found: 8S, 7:3; Cl, 7-8. C,,H,,0,N,CISNa requires 8, 7-15; 
Cl, 7-°9%). It was readily soluble in water or alcohol, but less 
soluble in ethyl acetate. The greenish-yellow aqueous solution 
was deepened in colour by the addition of alkalis, and was decolorised 
by zinc dust and ammonia, a deeper colour returning on exposure 
to air. It is a yellow acid dye intermediate in tinctorial power 
between the corresponding unhalogenated compound and the 
2’ : 6’-dichloro-compound, and fugitive to light. 

1 - Hydroxy -3 - (2' - chloro-4'-nitrophenyl)-1 : 3-dihydrophthalazine-4- 
acetic Acid (I).—This was prepared from the preceding sodium 
hydrogen salt (20 g.). It crystallised (a) from teluene in faintly 
yellow, prismatic needles, m. p. 110—130°, containing } mol. toluene 
of crystallisation, removed at 150°; it then melted at 204° (Found : 
loss at 150°, 5-5. C,gH,.O;N,Cl,4C,H, requires C,H,, 5-9%), (6) 
from ethyl acetate in greenish-yellow prisms, m. p. 204° (yield, 
14-5 g.; 89-7%) (Found: C, 53-2; H, 3-2; N, 11-6; Cl, 9-7. 
C,gH1,0,;N,Cl requires C, 53-1; H, 33; N, 11-6; Cl, 98%). It 
was readily soluble in alcohol, acetone, or glacial acetic acid, but 
very sparingly soluble in ether. It was sparingly soluble in water, 
forming a solution acid to litmus, but dissolved readily in sodium 
carbonate or hydroxide with a deep orange-red colour. It dissolved 
in cold concentrated sulphuric acid with an orange colour and was 
reprecipitated unaltered on dilution, but when it was boiled with 
aqueous sulphuric acid 2’-chloro-4’-nitro-3-phenylphthalaz-l-one 
was formed (p. 17). 

Derivatives of 1-Hydroxy-3-(2'-chloro-4'-nitrophenyl)-1 : 3-dihydro- 
phthalazine-4-acetic Acid.—The methyl ester crystallised from 
benzene in yellow prismatic needles, softening at 120° and melting 
at 135—145°, containing } mol. benzene of crystallisation, or m. p. 
166° after removal of the benzene (Found: loss at 120°, 9-5. 
C,,H,,0;N,Cl,4C,H, requires C,H,, 94%. Found in material 
dried at 120°: C, 54:5; H, 3-6. C,,H,,0;N,Cl requires C, 54-3; 
H, 3:7%). The ethyl ester crystallised from benzene in small, pale 
yellow needles, softening at 100° and melting at 168°, containing 
4 mol. benzene of crystallisation, partly lost at air temperature and 
removed completely at 120°; it then melted at 169° (Found : loss 
at 120°, 8-5. C,,H,,0;N,Cl,4C,H, requires C,H,, 9-1%. Found 
in material dried at 120°: C, 55-4; H,4-2. C,,H,,0,N,Cl requires 
C, 55:5; H, 4:1%). The acetyl derivative crystallised from ethyl 
alcohol (charcoal) in yellow prismatic needles, softening at 110° 
and melting at 118°, containing 4 mol. ethyl alcohol of crystallisation, 
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removed at 110°; it then melted at 153° (Found: loss at 110°, 
5-6. CygH,,0,N,C14C,H,O requires C,H,O, 56%. Found in 
material dried at 110°: C, 53-7; H, 3-7. C,g,H,,0,N,Cl requires 
C, 53-5; H, 35%). It dissolved in sodium carbonate with an 
orange-brown colour and in sodium hydroxide with a brownish- 
red colour. The anilide crystallised from alcohol in yellow prisms, 
m. p. 195° (Found: C, 60:3; H, 40; Cl, 7-9. C,..H,,0,N,Cl 
requires C, 60-5; H, 3-9; Cl, 8-1%). It was sparingly soluble in 
warm sodium hydroxide solution with a brownish-red colour. 

1 - Hydroxy -3 - (2' - chloro - 4’ - aminophenyl)tetrahydrophthalazine - 4 - 
acetic Acid (II).—(a) Hydrosulphite was added to a solution of 
20 g. of 1-hydroxy-3-(2’-chloro-4’-nitrophenyl)-1 : 3-dihydrophthal- 
azine-4-acetic acid in 250 c.c. of water and 18 g. of sodium hydroxide 
at about 90° until the deep red colour had disappeared, the mixture 
being kept alkaline throughout by the addition of sodium hydroxide. 
The solution was cooled quickly to limit the action of the alkali on 
the product, filtered from a little 2’-chloro-4’-amino-3-phenyl-4- 
methylphthalaz-l-one (p. 18), and hydrochloric acid added to the 
filtrate until a white precipitate had separated completely. This, 
after being washed with cold water, crystallised from ethyl acetate 
in almost colourless prisms, m. p. 236—237° (decomp.) (yield, 
17-2 g.; 93%) (Found: C, 57:3; H, 46; N, 12-5; Cl, 10-7. 
C1gH1g03N,Cl requires C, 57-6; H, 4:8; N, 12-6; Cl, 10-6%), 
insoluble in ether or benzene, but soluble in acetone or alcohol. It 
was sparingly soluble in water, but was readily soluble in dilute 
acids and alkalis, and could be diazotised. (b) A mixture of 24 g. 
of finely powdered 1-hydroxy-3-(2’-chloro-4’-nitrophenyl)-1 : 3-di- 
hydrophthalazine-4-acetic acid with a solution of 96 g. of stannous 
chloride in 240 c.c. of concentrated hydrochloric acid was boiled 
until the pale yellow compound dissolved. After cooling, the 
colourless solution was rendered alkaline with sodium hydroxide, 
filtered, the precipitate washed with sodium carbonate, and dilute 
hydrochloric acid added to the united filtrate and washings until a 
white precipitate had separated completely. This crystallised from 
ethyl acetate in colourless prisms, m. p. 236—237° (yield, 16-8 g. ; 
76%). The acetyl derivative crystallised from alcohol in almost 
colourless needles, m. p. 277° (Found : C, 57-4; H, 4-6. C,,H,,0,N,Cl 
requires C, 57-5; H, 48%). 

2'-Chloro-4' -amino-3-phenylphthalaz-1-one.—This was prepared 
from 1-hydroxy-3-(2'-chloro-4’-aminopheny])tetrahydrophthalazine- 
4-acetic acid (10 g.). The diluted acid filtrate was rendered alkaline 
with sodium carbonate; the precipitate obtained crystallised from 
alcohol in small yellow needles, m. p. 240° (decomp.) (yield, 5-9 g. ; 
72-5%) (Found: ©, 61-7; H, 3-9; Cl, 12-9. Cj gH,gON,Cl requires 
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C, 61-9; H, 3-7; Cl, 13-1%), readily soluble in mineral acids (the 
hydrochloride is soluble in cold concentrated hydrochloric acid) 
and soluble in hot sodium hydroxide solution with a yellow colour. 
2’-Chloro-4’-amino-3-phenylphthalaz-l-one was prepared also (yield, 
69%) by boiling a solution of 1-hydroxy-3-(2’-chloro-4’-amino- 
pheny])tetrahydrophthalazine-4-acetic acid in excess of concentrated 
hydrochloric acid under reflux for 20 hours (compare J., 1926, 703). 
The acetyl derivative crystallised from alcohol in small colourless 
prismatic needles, darkening at 290° and melting at 321° (decomp.) 
(Found: C, 61-4; H, 40; Cl, 11-2. C,,H,,.0,N,Cl requires C, 
61-2; H, 3-8; Cl, 113%). 
1-Keto-3-(2'-chloro-4'-aminophenyl)tetrahydrophthalazine.—A fine 
suspension of 2’-chloro-4’-amino-3-phenylphthalaz-l-one, obtained 
by adding a solution of 2 g. in 2 c.c. of concentrated hydrochloric 
acid and 40 c.c. of water to a solution of 4 g. of sodium hydroxide 
in 40 c.c. of water, was kept just below the boiling point and excess 
sodium hydrosulphite added, the mixture being kept alkaline with 
sodium hydroxide. After } hour, the mixture was cooled, and the 
white precipitate removed; it crystallised from alcohol in almost 
colourless prisms, m. p. 220—223° (yield, 1-3 g.; 64-5%%) (Found : 
C, 61-8; H, 4-4; N, 15-6; Cl, 12-7. C,,H,,ON,Cl requires C, 61-4; 
H, 4:4; N, 15-4; Cl, 130%). The hydrochloride is insoluble in 
cold concentrated hydrochloric acid. The acetyl derivative crystal- 
lised from alcohol in colourless prisms, m. p. 217—219° (Found : 
N, 13-5. C,gH,,0,N,Cl requires N, 13-3%), readily hydrolysed 
to the base by boiling hydrochloric acid. 
2’-Chloro-4'-amino-N-phenylphthalimidine.—A solution of & g. 
of 2’-chloro-4’-amino-3-phenylphthalaz-l-one in 400 c.c. of water 
and 20 c.c. of concentrated hydrochloric acid was boiled vigorously 
while 8 g. of zinc dust and a further 40 c.c. of concentrated hydro- 
chloric acid were added in small portions during 14 hours. After 
cooling, the solution was almost neutralised with sodium hydroxide, 
and the white precipitate (3-2 g.) filtered off. The product con- 
tained _1-keto-3-(2’-chloro-4’-aminopheny])tetrahydrophthalazine, 
which was ‘removed by repeated fractional crystallisation from 
alcohol, in which it is less soluble. 2’-Chloro-4'-amino-N-phenyl- 
phthalimidine crystallised from ethyl alcohol in colourless rhom- 
bohedra, m. p. 188—189°, containing } mol. ethyl alcohol of crystal - 
lisation, which was difficult to remove completely (Found : loss at 
150°, 3-8. C,,H,,ON,C1,4C,H,O requires C,H,O, 4.2%. Found in 
material dried at 150°: C, 65-3; H, 4-6; Cl, 13-8. C,,H,,ON,Cl 
requires C, 65-0; H, 4:3; Cl, 13:7%). The acetyl derivative crystal- 
lised from alcohol in small colourless needles, m. p. 234° (Found ; 
©, 63-8; H, 41. C,,H,,0,N,Cl requires C, 63-9; H, 4:3%), 
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2'-Chloro-4' -nitro-3-phenylphthalaz-1-one.—A solution of 10 g. 
of 1-hydroxy-3-(2’-chloro-4’-nitropheny])-1 : 3-dihydrophthalazine- 
4-acetic acid in 40 c.c. of concentrated sulphuric acid was diluted 
with 18 c.c. of water, the formation of any precipitate being avoided, 
as this was difficult to redissolve subsequently. The clear solution 
was kept at 130° under reflux, 30 c.c. of water were added gradually 
with vigorous shaking, and the whole was boiled for 2 hours. The 
solution was cooled, diluted with 100 c.c. of water, boiled for 4 hour 
(charcoal), and filtered. After cooling, no sulphate separated 
(compare J., 1928, 2553; 1931, 1084) and the cold yellow 
solution was neutralised with sodium carbonate. The yellow 
precipitate (4-4 g.), m. p. 130—150°, could not be crystallised from 
organic solvents, resins only being obtained. It undoubtedly 
consisted of impure 2’-chloro-4’-nitro-3-phenylphthalaz-l-one, as 
reduction with aqueous sodium sulphide gave one-fifth of its weight 
of 2’-chloro-4’-amino-3-phenylphthalaz-l-one (p. 15), m. p. and 
mixed m. p. 240°. 

Action of methyl sulphate. With methyl sulphate in dry nitro- 
benzene at 110°, the crude nitro-compound gave, after removal 
of the nitrobenzene, a yellow aqueous residue, from which a brownish- 
yellow precipitate was obtained when rendered alkaline with sodium 
carbonate. This basic substance resisted all attempts to crystallise 
it from organic solvents, and melted at 154° (decomp.), with previous 
shrinking and darkening at 125—130° (Found: N, 13-4; OMe, 
9-0, 9-2%). 

2’-Chloro-4'-nitro-3-phenyl-4-methylphthalaz-1-one (V).—A solution 
of 10 g. of finely powdered 1-hydroxy-3-(2'-chloro-4’-nitropheny])- 
] : 3-dihydrophthalazine-4-acetic acid in 90 c.c. of cold concentrated 
sulphuric acid was poured on 240 g. of ice, and 4-6 g. of powdered 
potassium dichromate were added in small portions during 2 hours, 
with constant agitation. After 5 hours, the green solution was 
filtered and almost neutralised with concentrated aqueous sodium 
hydroxide (with ice cooling) and the pale yellow precipitate produced 
was washed with water and dried. 2’-Chloro-4'-nitro-3-phenyl-4- 
methylphthalaz-1-one crystallised from alcohol or glacial acetic acid 
in pale yellow, prismatic needles, m. p. 201° (yield, 5-8 g.; 66-4%) 
(Found: C, 57-3; H, 3:5; N, 13-4; Cl, 11-0. C,;H,,0,N,Cl 
requires C, 57-1; H, 3-2; N, 13-3; Cl, 113%). It was soluble 
in mineral acids and dissolved in sodium hydroxide with an orange- 
red colour. With an alcoholic solution of picric acid, after boiling 
for some time, it forms a picrate, brownish-yellow prisms, m. p. 
204—205° (Found: C, 46-6; H, 2-65. C,,;H,,0,)N,Cl requires 
C, 46-3; H, 2-4%). 

Action of methyl sulphate. _A solution of 3 g. of 2’-chloro-4’- 
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nitro-3-phenyl-4-methylphthalaz-l-one in 100 c.c. of hot dry nitro- 
benzene was treated with 1-6 g. of methyl sulphate as described 
for the corresponding unhalogenated compound (J., 1931, 1071), 
but the temperature was kept at 100° for } hour. The basic product 
was 2'-chloro-4'-nitro-1-methoxy-3-phenyl-4-methylene-3 : 4-dihydro- 
phthalazine (V1), which crystallised from ethyl acetate in dark 
brownish-red prisms, m. p. 133° (yield, 1:3 g.; 41-5%) (Found : 
C, 58-4; H, 3-5; OMe, 9-7. C,,H,,0,N,Cl requires C, 58-3; H, 
3-6; OMe, 9-4%). It was very soluble in mineral acids, forming 
colourless solutions from which it was recovered unaltered on 
neutralisation. 

2’.Chloro-4' -amino-3-phenyl-4-methylphthalaz-l-one (III).—(a) A 
solution of 10 g. of 1-hydroxy-3-(2’-chloro-4’-aminophenyl)tetra- 
hydrophthalazine-4-acetic acid in 25 c.c. of cold concentrated 
sulphuric acid was poured on 100 g. of ice and 3 g. of powdered 
potassium dichromate were added in portions during 1 hour, with 
constant agitation. Next day, the green solution was filtered, the 
filtrate neutralised with sodium carbonate, and the brown precipitate 
filtered off. The product was dissolved in boiling dilute hydro- 
chloric acid (charcoal), and the warm filtered solution rendered 
alkaline. 2’-Chloro-4'-amino-3-phenyl-4-methylphthalaz-1-one crystal- 
lised from alcohol in pale yellow needles, m. p. 285° (yield, 7-2 g.; 
84%) (Found: C, 63-2; H, 4-4; N, 14-8; Cl, 12-6. C,;H,,ON,Cl 
requires C, 63-1; H, 4-2; N, 14-7; Cl, 12-4%), insoluble in benzene 
or ether. It forms a hydrochloride, colourless needles, soluble in 
cold concentrated hydrochloric acid. (6) A solution of 10 g. of 
1 - hydroxy -3 -(2’ - chloro - 4’-aminophenyl)tetrahydrophthalazine-4- 
acetic acid in 100 c.c. of water and 10 g. of sodium hydroxide was 
heated under reflux at about 90° for several days; the product 
separated progressively in yellow needles and was filtered off at 
intervals, the yield being 4-8 g., i.e., 56%, after recrystallisation 
from alcohol. (c) Reduction of 2’-chloro-4’-nitro-3-phenyl-4- 
methylphthalaz-l-one with aqueous sodium sulphide as described 
for the corresponding unhalogenated compound (loc. cit., p. 1072) 
also gave 2’-chloro-4’-amino-3-phenyl-4-methylphthalaz-1-one (yield, 
60%), but by continuing boiling for 3 hours a colourless crystalline 
precipitate of 1-keto-3-(2’-chloro-4’-aminophenyl)-4-methyltetra- 
hydrophthalazine separated. 

The acetyl derivative of 2’-chloro-4'-amino-3-pheny]l-4-methyl- 
phthalaz-1l-one crystallised from dilute acetic acid in almost colour- 
less prisms, m. p. 308° (decomp.), which darken on keeping (Found : 
C, 62-4; H, 45; N, 12-7; Cl, 11-0. C,,H,,0,N,Cl requires C, 
62:3; H, 4:3; N, 12-8; Cl, 10-8%). 

] - Keto -3 - (2'-chloro-4' -aminophenyl)-4-methyltetrahydrophthalazine 
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(IV).—(a) A fine suspension of 4 g. of 2’-chloro-4’-amino-3-phenyl- 
4-methylphthalaz-1l-one, obtained as described for the corresponding 
unmethylated compound (p. 15), was reduced with excess of 
sodium hydrosulphite under similar conditions. 1-Keto-3-(2’- 
chloro - 4'-aminophenyl) - 4-methyltetrahydrophthalazine crystallised 
from toluene in straw-coloured prismatic needles, m. p. 220—223° 
(yield, 3-2 g.; 79-4%) (Found: C, 62-9; H, 4:9; N, 15-0; Cl, 12-2. 
C,;H,,ON,Cl requires C, 62-6; H, 4:9; N, 14-6; Cl, 12-3%), soluble 
in alcohol. The hydrochloride, colourless needles, is insoluble in 
cold concentrated hydrochloric acid. On prolonged boiling with 
hydrochloric acid, it was partially oxidised to 2’-chloro-4’-amino- 
3-phenyl-4-methylphthalaz-1-one. 

(b) A solution of 2 g. of 2’-chloro-4’-amino-3-phenyl-4-methyl- 
phthalaz-l-one in 50 c.c. of dilute hydrochloric acid (1:4) was 
boiled, and 3 g. of zine dust added in small portions during 10 
minutes. The solution was then filtered, neutralised with sodium 
hydroxide, the dried precipitate extracted with toluene, and the 
toluene distilled (yield, 1 g.; 49°6%). The acetyl derivative crystal- 
lised from toluene in colourless prisms, m. p. 218—220° (Found : 
C, 61-9; H, 4:7; N, 12-6; Cl, 10-6. C,,H,,0,N,Cl requires C, 
61-9; H, 4-9; N, 12-75; Cl, 10-8%). 

2’-Chloro-4'-amino-N-phenyl-3-methylphthalimidine.—A solution of 
4 g.of 2’-chloro-4’-amino-3-phenyl-4-methylphthalaz-1-one in 100 c.c. 
of dilute hydrochloric acid (1:10) was boiled while 30 g. of zinc 
dust were added in small portions during 6 hours, the volume being 
kept constant by the addition of dilute hydrochloric acid. After 
cooling, the solution was rendered strongly alkaline with sodium 
hydroxide, and filtered, the dry precipitate extracted with alcohol, 
and the alcohol distilled. 2’-Chloro-4'-amino-N-phenyl-3-methyl- 
phthalimidine crystallised from alcohol in colourless prismatic 
needles, m. p. 212° (yield, 1-2 g.; 31-4%) (Found: C, 66-3; H, 
4-7; N, 10-5; Cl, 13-1. C,;H,,0N,Cl requires C, 66-1; H, 48; 
N, 10-3; Cl, 130%). The acetyl derivative crystallised from 
alcohol in colourless prisms, m. p. 253° (Found: C, 65-1; H, 4°6. 
C,,H,;0.N,Cl requires C, 64:9; H, 48%). 


We are indebted to the Department of Scientific and Industrial 
Research for a grant which enabled one of us (C. D.) to take part in 
this work, and to Dr. A. T. Peters for his assistance with the prepar- 
ation and analysis of some of the compounds described. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
LEEDS UNIVERSITY. [ Received, October 24th, 1931.] 











20 MORGAN AND BURSTALL: DEHYDROGENATION OF 


3. Dehydrogenation of Pyridine by Anhydrous 
Ferric Chloride. 


By Giurpert T. Morean and Francis HEREWARD BURSTALL. 


THE earliest preparation of 2 : 2’-dipyridyl, which involved a pyro- 
lysis of cupric picolinate, was effected by Blau (Ber., 1888, 21, 1077; 
Monatsh., 1889, 10, 376), who stated that this process proceeded 
most satisfactorily in one-gram batches. Later he made the 
significant observation (Monatsh., 1898, 19, 647) that this o-diamine 
developed intense red colorations with ferrous salts and he prepared 
the complex bromide [Fe3dipy]Br,,6H,O, which was subsequently 
resolved by Werner into optically active enantiomerides (Ber., 
1912, 45, 434). 

More recently 2 : 2’-dipyridyl has been obtained by methods of 
direct dehydrogenation (Meyer and Hofmann-Meyer, J. pr. Chem., 
1921, 102, 287; Hein and Retter, Ber., 1928, 61, 1790; Wibaut and 
Willink, Rec. trav. chim., 1931, 50, 287) and of these processes Hein 
and Retter’s dehydrogenation of pyridine by anhydrous ferric 
chloride appeared the one most likely to furnish the diamine on a 
considerable scale :— 


2C.H.N + 2FeCl, = C,,H,N» -+ 2FeCl, + 2HCI. 


These authors, who employed sealed tubes each containing 70 g. 
of dry pyridine and 13 g. of anhydrous ferric chloride, main- 
tained these reagents ot 300° for about 35 hours; a yield of 52% of 
2: 2’-dipyridyl was obtained calculated on the ferric chloride 
employed in the foregoing equation. 

Being in need of considerable quantities of 2 : 2’-dipyridyl for the 
study of various co-ordination compounds, we have repeated Hein 
and Retter’s dehydrogenation in steel autoclaves with amounts of 
pyridine ranging from 1 to 8 litres. By working with such quantities 
we have prepared 2 : 2’-dipyridyl as the main product, but have also 
isolated not less than 20 by-products. The reactions taking place 
are complex and some of the resulting ferrous chloride is reduced 
further to metallic iron. The temperature (340°) and pressure 
(50 atmos.) involved approximate closely to the critical temperature 
(344°) and critical pressure (60 atmos.) of pyridine as given by 
Landolt—Bérnstein’s tables and under such severe conditions it is 
probable that a certain amount of “cracking” occurs. More- 
over the elements present in the steel autoclave (carbon, 0-3; 
silicon, 0-25; manganese, 0-6; sulphur and phosphorus, 0-022; 
nickel, 2:9; chromium, 0-6; and molybdenum, 0-65°%) and in its 
“‘ Staybrite ” liner (carbon, 0-12; manganese, 0-30; silicon, 0-60; 
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chromium, 18-0; nickel, 8-5; tungsten, 0-7; sulphur and phos- 
phorus, below 0-025°,) may also have some catalytic effect on these 
far-reaching chemical changes. These analyses were supplied by 
Dr. W. H. Hatfield of the Brown-Firth Research Laboratories, 
Sheffield. 

Under the conditions detailed in the experimental section we have 
obtained the following products : 

(1) Gases. The gaseous product includes hydrogen, nitrogen, 
ammonia, saturated hydrocarbons (C,,H»,,2, where ” is about 1-5), 
and unsaturated hydrocarbons, chiefly ethylene. These gases, 
which arise from a complete rupture of the pyridine molecule, are 
identical with those (other than hydrogen) obtained by Thate 
(Rec. trav. chim., 1931, 50, 77) in the berginisation of pyridine at 
500° under pressures of 50 to 100 atmospheres. 

(2) Neutral oil. A small amount of non-basic oil having a con- 
siderable boiling range (90° to 310°) was isolated and found to be 
nitrogenous. 

(3) Monocyclic pyridines. In view of the “ cracking ” revealed 
by the presence of gases it might be expected that alkylpyridines 
would be included in the basic fraction. 3-Ethylpyridine was 
isolated in largest amount and its isomerides 2- and 4-ethylpyridines 
were also identified. Of the lower homologues, 3- and 4-methyl- 
pyridines were present; there were also small amounts of 2: 3- 
and 3: 4-dimethylpyridines. 2-isoPropylpyridine was isolated and 
diethylpyridines were also indicated. 

2-Aminopyridine, which was extracted in appreciable amount 
from the water-soluble portions of the oily product, probably arises 
from the direct interaction of ammonia and pyridine in presence of 
ferric chloride, 


C,H,N + NH, + 2FeCl, = NH,-C,H,N + 2FeCl, + 2HCl 


although Wibaut and van den Lande have shown (Rec. trav. 
chim., 1929, 48, 1005) that this base is produced to a small 
extent when ammonia and pyridine vapours are catalysed at 300— 
500°. 

(4) Dipyridyls and dipiperidyls. From the dehydrogenation 
product boiling between 250° and 310° we have isolated five of the six 
possible dipyridyls. In all our experiments 2 : 2’-dipyridyl is the 
main product, 3 : 4’-dipyridy] follows next although in much smaller 
proportion; 2:3’- and 2:4’-dipyridyls were isolated as their 
picrates, whereas 3 : 3’-dipyridyl was identified only in one experi- 
ment. It is noteworthy that we have never isolated any 4 : 4’-di- 
pyridyl, although this isomeride is the chief product of the action 
of sodium on pyridine (Anderson, Annalen, 1870, 154, 274; C. R. 
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Smith, J. Amer. Chem. Soc., 1924, 46, 414). 4: 4'-Dipyridyl was 
not noticed by Thate (loc. cit.) in his berginisation experiments, 
although small quantities of 2 : 2’- and 2 : 4’-dipyridyls were obtained 
by this process. Our experiments indicate the presence of alkylated 
dipyridyls, but so far no chemical entities have been characterised. 
These diamines are, however, derived to some extent from 2 : 2’-di- 
pyridyl, which they resemble in giving red colorations with ferrous 
salts. 

Small quantities of 2 : 2’-dipiperidyl and 3 : 4’-dipiperidyl were 
identified in our experiments and probably arose from the inter- 
action of free hydrogen with the two most plentiful dipyridyls 
(compare C. R. Smith, J. Amer. Chem. Soc., 1928, 50, 1938). 

(5) Tripyridyls. Two new triamines were isolated from the basic 
residues non-volatile in steam. The more abundant isomeride, 
2:2’ : 2’ -tripyridyl (bis-2'-pyridyl-2 : 6-pyridine), is a highly crystal- 
line base giving rise to deep purple co-ordination compounds with 
ferrous salts in which it functions as a tridentate associating group 
as indicated in formula (II). The composition of this hydrated 
bis-2 : 2’: 2’'-tripyridyl ferrous bromide supports our suggested 
formulation for the triamine (I). 
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2:2’: 2”-Tripyridyl is likely to be a useful associating triamine 
in the formation of complex metallic salts, for in addition to the iron 
derivatives similar co-ordination compounds have been obtained 
with other metals and notably with nickel and silver; these products 
will be described later. An isomeric 2 : 2’ : x’’-tripyridyl has been 
identified which also furnishes coloured co-ordination complexes. 

(6) Resinamines. The least volatile fraction of the basic oil has 
yielded only one crystalline base (m. p. 214°). The remainder of 
this product, which is still soluble in dilute hydrochloric acid, 
dissolves readily in organic media and separates on evaporation as 
an amorphous pitch. 

(7) Insoluble residue. The portion insoluble in organic media 
contains 28% of combustible matter, while the remainder consists 
of iron compounds and some metallic iron. 

The yields (grams) of the main fractions obtained from a series of 
dehydrogenations are given in the following table. 
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Pyridine ferric Pyridine Alkylated Di- Tri- Resin- 
used. chloride. recovered. pyridines. pyridyls. pyridyls. amines. 
1500 292 782 40 90 62 52 
2000 381 1377 ~~ 156 35 160 
2000 381 1433 61 152 64 103 
4000 762 2758 155 428 51 403 
4000 762 2805 141 300 120 140 
8000 1524 5630 245 794 225 512 


Of the 8000 g. of pyridine used in the last experiment, 7406 g. are 
accounted for in the table. The combustible matter of the insoluble 
residue provides a further 490 g. and the neutral fraction gives 
10 g., thus making up the total to 7906 g. The deficiency of 94 g. is 
traceable to the gases produced and to the unavoidable losses in 
working up the various dehydrogenation products. 

7 


EXPERIMENTAL. 


The following description furnishes a typical example of experi- 
mental procedure. Pure dry pyridine (8000 g.) and anhydrous 
ferric chloride (1524 g.) were heated at 340—345° for 36 hours in a 
steel autoclave fitted with stirring gear. A pressure of 50—5l 
atmospheres developed and thereafter remained constant during the 
period of heating, and, when cold, the autoclave still showed a 
residual pressure of about 2 atmospheres. 

I. Gaseous Products.—The air contained in the free space of the 
autoclave having been displaced by carbon dioxide at the commence- 
ment of the experiment, the gas was first passed through a vessel 
cooled in ether and solid carbon dioxide and, after being washed 
with a little dilute hydrochloric acid to remove any ammonia or 
pyridine vapour, was collected and the volume measured. Analysis 
of a sample showed that the gas consisted of hydrogen, nitrogen, 
saturated hydrocarbons (C,H2,,2, where » = 1-5), and a small 
amount of ethylene. Some of the carbon dioxide present had been 
reduced to carbon monoxide. 

There was no appreciable quantity of material in the vessel 
cooled by ether and solid carbon dioxide. 

II. Neutral Products.—The dark red product from the autoclave 
was mixed with water (45-5 litres), acidified with hydrochloric acid, 
and extracted with petroleum (b. p. 40—60°), but the solution thus 
extracted only furnished 10 g. of a dark ‘oil (boiling range 90— 
310°) in which no individual compound was identified. 

Basic Products.—The acid liquor from the foregoing extraction 
was made alkaline with caustic soda and distilled in steam. 

Distillate. The first runnings consisted mainly of unchanged 
pyridine mixed with alkylpyridines, and these were collected 
separately. The distillation in steam was then continued until a 
sample no longer gave any colour with ferrous salts. The aqueous 
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distillate was evaporated with excess of hydrochloric acid to crystal- 
lising point, and the resulting hydrochlorides were mixed with the 
first runnings of pyridine. The mixture was then basified with 
caustic soda solution, solid alkali being added after neutralisation. 
The dark brown layer containing pyridine and pyridine derivatives 
was dried over solid caustic soda and fractionated under ordinary 
pressure ; unchanged pyridine (5630 g.) was then recovered. 

Ill. Monocyclic pyridines. These pyridine derivatives (245 g.) 
were present in the fraction boiling between 140° and 250°. Each 
fraction was first collected over a 10° range and subsequently re- 
fractionated through a Dufton column. There was no fraction 
corresponding with 2-methylpyridine. 

Fraction 140—150°. The lower portion of this fraetion, b. p. 
140—146°, was treated with mercuric chloride in the presence of 
dilute hydrochloric acid, and the mercurichlorides fractionally 
crystallised. The less soluble mercurichloride, which proved to be 
that of 3-methylpyridine, melted at 145—146°. The free base re- 
covered from this mercurichloride furnished 3-methylpyridine 
picrate, m. p. 149°. The more soluble double salts gave a small 
quantity of 4-methylpyridine mercurichloride in needles, m. p. 
128—129°, and the recovered base yielded a picrate, m. p. 167°. 
The higher portion of this fraction, b. p.~i46—152°, was converted 
* into mercurichloride, and by fractional crystallisation from water 
and alcohol, 2-ethylpyridine mercurichloride, m. p. 103°, was 
obtained (Found : Hg, 58-2. Calc. for C;H,,NCI;Hg,: Hg, 58-4%). 
The corresponding chloroaurate crystallised in yellow plates, m. p. 
120—121° (compare Ladenburg, Annalen, 1888, 247, 13; Ber., 1899, 
32, 42). 

Fraction 150—160°. The more volatile parts of this fraction 
contained mainly 2-ethylpyridine (b. p. 148-5°). The higher- 
boiling portion, b. p. 153—160°, was converted into a less soluble 
mercurichloride, m. p. 120°, which has not yet been identified with 
certainty but is probably the salt of 2-methyl-6-ethylpyridine; the 
more soluble crystals furnished 2-isopropylpyridine mercurichloride, 
m. p. 95—96° (Found: Hg, 57-3. Cale. for C,H,,.NCI;Hg,: Hg, 
57-2%). The picrate obtained from the recovered base melted at 
116—117° (compare Koenigs and Happe, Ber., 1902, 35, 1343; 
also Ladenburg, loc. cit.). A search was made at this stage for 
2 : 4-dimethylpyridine, but no evidence was obtained of its presence. 

Fraction 160—170°. The oil boiling over this range was the 
largest of the monocyclic pyridine fractions. It was converted into 
a mixture of mercurichlorides; 3-ethylpyridine mercurichloride, 
m. p. 131—132°, then crystallised in large white prisms (Found : 
N, 2-2; Hg, 58-2. Cale. for.C,H,,NCl,Hg,: N, 2-0; Hg, 584%). 
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The pure base recovered from its mercurichloride boiled at 165— 
166° and gave a picrate, m. p. 128°; it possessed a characteristic 
but not unpleasant odour (compare Stoehr, J. pr. Chem., 1892, 
45, 20; 1891, 43, 153; Williams, Chem. News, 1881, 44, 307; 
Wyschnegradsky, J. Russ. Phys. Chem. Soc., 1879, 11, 184). The 
more soluble mercurichlorides after separation of 3-ethylpyridine 
crystallised slowly and individual compounds were most conveniently 
separated by hand and then recrystallised. 2 : 3-Dimethylpyridine 
mercurichloride, m. p. 120—121°, was obtained, but the quantity 
was insufficient for a more detailed examination (Found: Hg, 
57-95. Cale. for C;H,,NCI;Hg,: Hg, 58-4%). Previous workers 
on this substance are not in agreement (Garrett and Smythe, J., 
1903, 83, 764; Lipp and Widnmann, Annalen, 1915, 409, 79). 

3 : 4-Dimethylpyridine mercurichloride crystallised as fine needles, 
m. p. 164° (Found: Hg, 58-2. Cale. for C,H, NCl;Hg,: Hg, 
584%). It also furnished a chloroplatinate, m. p._207° (compare 
Ahrens, Ber., 1896, 29, 2996; Weidel and Pick, Monatsh., 1884, 5, 
658). 

4-Ethylpyridine mercurichloride, m. p. 150—151°, was isolated 
in slightly larger quantity than the double salts of the foregoing 
lutidines (Found : Hg, 58-0. Calc. for C,H,,NCl;Hg, : Hg, 58-4%). 
The chloroplatinate melted at 207—208° (compare Ladenburg, 
Annalen, 1888, 247, 18; Ber., 1899, 32, 45). 

Fractions 170—180°, 180—190°. Individual compounds were 
not identified within these ranges, which appear to contain mixtures 
of methylethylpyridines with other basic substances. 

Fraction 190—210°. This fraction was mixed with an equal 
volume of benzene and shaken several times with water. Solid 
alkali was added to the aqueous extract, and 2-aminopyridine then 
separated as an oil, which was dissolved in benzene, the solution 
dried, and the solvent removed. 2-Aminopyridine boiled at 205— 
207° and solidified to a mass of colourless crystals on cooling, This 
base (9-6 g.) crystallised in shining plates from hot petroleum (b. p. 
40—60°), m. p. 56° (Found: N, 29-9. Cale. for C;H,N,: N, 
29-8%). It was easily soluble in water and gave a picrate, m. p. 
216—217° (compare Marckwald, Ber., 1893, 26, 2189; 1894, 27, 
1320; Philips, Annalen, 1895, 288, 263; Meyer, Monatsh., 1894, 15, 
173; Tschitschibabin and Zeide, J. Russ. Phys. Chem. Soc., 1914, 
46, 146 et seq.). 

The residue remaining after the separation of 2-aminopyridine 
was freed from solvent and fractionally distilled. The portion 
boiling between 200—210° was converted into picrates, which were 
fractionally crystallised from alcohol. A well-defined picrate, m. p. 
159—160°, crystallising in filamentous yellow needles, was obtained. 
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This picrate appeared to be a derivative of a base (probably a 
diethylpyridine) not previously recorded (Found: N, 15-6. 
C,;H,,0,N, requires N, 15-4%). 

Fractions 210—220°, 220—230°, 230—240°, 240—250°. These 
fractions amounted to 17 g. in all and no individual compound has 
been characterised from among them. 

IV. Dipyridyls and related substances. That portion of the 
distillate boiling between 250° and 310° consisted of dipyridyls and 
related substances (794 g.). A small quantity of oil (40 g.) remained 
after removal of the dipyridyl fraction and was not further 
investigated. 

2: 2’-Dipyridyl. The fraction, b. p. 250—310°, was cooled to 0°, 
whereupon most of this dipyridyl (462 g.) crystallised. A further 
quantity was obtained from the remaining oil by fractional distil- 
lation. The fraction, b. p. 260—280°, was cooled and crystallised 
from petroleum, 2 : 2’-dipyridy]l (62 g.) being obtained, giving a 
total yield of 524 g. of this base. 2: 2’-Dipyridyl was readily 
crystallised from petroleum (b. p. 40—60°) and separated in large 
crisp white prisms, m. p. 69-5°, b. p. 272—273° (corr.) (Found: N, 
17-$. Cale. for CyyHgN,: N, 17-95%). It gave an intense red 
coloration with ferrous salts, and equimolecular proportions of 
picric acid and the base gave a picrate, m. p. 155°, in yellow needles 
(compare Blau, Monatsh., 1889, 10, 376; Smith, J. Amer. Chem. 
Soc., 1924, 46, 414). 

3: 3'-Dipyridyl. A fraction of the oily filtrate (b. p. 280—310°) 
remaining after the separation of 2 : 2’-dipyridyl was shaken three 
times with small quantities of cold water (50 c.c.). The aqueous 
extracts, which contained 3 : 4’-dipyridyl mixed with the 3 : 3’-di- 
pyridyl, was treated with solid caustic soda, and the oil which 
separated dissolved in benzene. The benzene solution was shaken 
with water to remove 3 : 3’-dipyridyl (compare Smith, loc. cit.) and 
the aqueous layer was evaporated and treated with alcohol and 
picric acid in excess. The resulting picrate melted at 230° after 
several recrystallisations ; a sample of the base, recovered from the 
picrate, had m. p. 66—67° (compare Skraup and Vortmann, Monatsh., 
1883, 4, 591; Smith, loc. cit.; Leone and Oliveri, Gazzetia, 1885, 15, 
276). 3: 3’-Dipyridyl was only obtained on one occasion and in 
small yield (0-8 g.) from 381 g. of ferric chloride ; it was characterised 
by comparing its picrate with the picrate of a specimen of 3 : 3’-di- 
pyridyl synthesised from 3-bromopyridine. 

3:4'-Dipyridyl. After separation of 3: 3’-dipyridyl, the oils 
from the first water extractions and from the benzene solution were 
dissolved together in excess of hydrochloric acid and evaporated to 
dryness. The hydrochlorides were then triturated and shaken with 
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absolute alcohol (1500 c.c.), and the insoluble portion removed. A 
further quantity of insoluble hydrochloride was obtained by passing 
dry hydrogen chloride into the cooled filtrate until the alcoholic 
solution fumed slightly. The insoluble portion, consisting mainly 
of 3: 4’-dipyridyl hydrochloride mixed with a little impurity, was 
dissolved in water and made alkaline with caustic soda, solid alkali 
being added after neutralisation. The oil which separated was 
dissolved in benzene and dried, and the solvent removed; the base 
then distilled at 295—297° under ordinary pressure and solidified 
on cooling (yield, 72 g.). 3: 4’-Dipyridyl crystallised from petrol- 
eum (b. p. 40—60°) in shining white plates, m. p. 62° (Found: N, 
18-2. Cale. for CyjH,N,: N, 17-95%). The sparingly soluble 
picrate, m. p. 215° after sintering at 210°, crystallised from water in 
needles. The foregoing base was liquefied by small quantities of 
water and dissolved easily in larger amounts of this solvent. Zinc 
dust and acetic acid gave a deep red tint with an aqueous solution 
of 3:4’-dipyridyl. Smith (loc. cit.) reports that 3 : 4’-dipyridyl 
gave a deep blue colour with zinc dust and acetic acid, but it is 
probable that his specimen contained a little 4: 4’-dipyridyl as 
impurity, the blue coloration being a characteristic of the 4: 4’- 
isomeride. 
2:4'-Dipyridyl and 2: 3’-dipyridyl. The bases present in the 
foregoing alcoholic filtrates which were recovered by evaporation of 
the solvent and treatment with caustic soda were mixed with the 
more volatile fractions (b. p. 250—280°) obtained as residues from 
the separation of 2: 2’-dipyridyl. The collected oils (197 g.) were 
thoroughly shaken several times with cold water (aqueous extract, 
v. infra, p. 28), after having been mixed with benzene (400 c.c.). 
The benzene solution was shaken with a freshly prepared solution of 
ferrous sulphate until the extracts were no longer reddened; it 
was then washed with water and dried over solid caustic potash, and 
the solvent removed. The remaining oil (104 g.) was distilled and 
gave the following fractions: below 260°, 20 g.; 260—280°, 36 g.; 
280—300°, 44 g.; residue,4g. The two middle portions were again 
fractionated and a sample of oil (49 g.), b. p. 275—295°, was collected 
and treated with picric acid. The mixture of picrates was repeatedly 
crystallised, first from hot water and finally from hot alcohol, until 
two individual substances were obtained. 2 : 4'-Dipyridyl picrate, 
m. p. 208°, crystallised in small lemon-yellow needles and was the 
more sparingly soluble of the two salts (compare Roth, Ber., 1886, 
19, 360; Meyer and Hofmann-Meyer, J. pr. Chem., 1921, 102, 280). 
2 : 3'-Dipyridyl picrate, m. p. 148—149°, separated in small needles 
and was more soluble than 2 : 4’-dipyridyl picrate (compare Skraup 
and Vortmann, Monatsh., 1882, 3, 599). The yields of these two 
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bases cannot be closely estimated owing to the great difficulty in 
separating their picrates, but 2 : 3’-dipyridyl is present in larger 
quantity than 2 : 4’-dipyridy]l. 

3 : 4'-Dipiperidyl and 2 : 2’-dipiperidyl. The bases present in the 
aqueous extract obtained during the separation of 2 : 4’-dipyridyl 
and 2 : 3'-dipyridyl were salted out by addition of solid caustic soda 
and dissolved in hot benzene. Crude 3 : 4’-dipiperidyl crystallised 
from the cooled solution and after further purification gave long 
white needles, m. p. 159—160°. The base gave a well-defined 
picrate, m. p. 212°, erystallising from water in shining yellow fila- 
mentous needles (compare Smith, J. Amer. Chem. Soc., 1928, 50, 
1936). 

The benzene solution from the foregoing dipiperidyl contained 
2 : 2’-dipiperidyl in admixture with impurities. The oily base was 
purified through its picrate, m. p. 120°, and, moreover, gave a di- 
nitroso-derivative, m. p. 159° (compare Blau, Monatsh., 1892,13, 330; 
Smith, loc. cit., 1928, 50, 1936). 

Alkylated 2:2'-dipyridyls. The ferrous sulphate washings 
obtained during the preparation of 2: 4’-dipyridyl and 2 : 3’-di- 
pyridyl were decomposed with caustic soda, and the oily bases 
extracted with benzene. This extract was dried and the solvent 
removed. The resulting oils distilled between 270° and 310° and 
gave intense red tints with ferrous salts. The mixture appeared to 
be very complex and no single substance has been separated 
(yield, 87 g.). 

Residue. The residue remaining after the removal of substances 
volatile in steam consisted of a deep reddish-purple solution con- 
taining solid in suspension. This solid residue was washed with 
water. 

V. 2:2':2”-Tripyridyl (1). The foregoing purple aqueous 
filtrate was treated with a large excess of caustic soda; the colour 
then disappeared with concurrent formation of a thick black oil 
mixed with iron oxide. The oily layer was removed and extracted 
with hot benzene. The solvent was recovered, and the thick 
residual oil, containing mixed tripyridyls, distilled under reduced 
pressure; b. p. 190—280°/5 mm. (yield, 225 g.). The yellow, 
partly crystalline, viscid distillate was repeatedly extracted with 
petroleum (b. p. 40—60°) ; when the petroleum extracts were cooled, 
a yellow gum (20 g.) first separated and the more soluble portions 
gave well-defined white prisms contaminated with oily isomerides. 
These crystals were separated from oils by filtration, dried on porous 
tile, and crystallised several times from petroleum (b. p. 40—60°). 
Yield, 55g. 2:2’ :2”-T'ripyridyl was obtained in hard white prisms, 
m. p. 88—89°, and distilled undecomposed at 370° under ordinary 
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pressure (Found: ©, 77-15; H, 4-9; N, 181; M, cryoscopic in 
benzene, 210, 239; ebullioscopic in benzene, 218, 234. C,,H,,N; 
requires C, 77:25; H, 4:7; N, 180%; M, 233). The picrate 
derived from this base by mixing equimolecular proportions of the 
reagents crystallised from alcohol in yellow needles, m. p. 210°. 
This tripyridy], which furnished an intense purple colour with ferrous 
salts, was very sparingly soluble in cold but more soluble in hot 
water and dissolved in the common organic media; it was very 
resistant to oxidation by either acid or alkaline permanganate. 

2:2’:x”-Tripyridyl. The oily isomeric tripyridyls remaining 
after the separation of the 2 : 2’ : 2’-tripyridyl were distilled and 
the fraction, b. p. 210—230°/5 mm., was collected separately. 
When this yellow distillate was kept in a cool place for some time a 
cream-coloured cascous substance formed in the viscid liquid. This 
was separated by hand, pressed on porous tile, to remove oily 
impurities, and crystallised from warm petroleum (b. p. 40—60°). 
2:2':x’’-Tripyridyl formed tufted masses of an indefinitely 
crystalline nature; moreover, it frequently separated as a viscid 
oil which usually became solid after the removal of solvent (Found : 
N, 18-0. C,;H,,N, requires N, 18-0%). Yield, ca. 10 g. This 
tripyridyl melted at 84—85° and gave a picrate, m. p. 206°. It 
gave an intense purple coloration with ferrous salts and resembled 
the foregoing 2: 2’ : 2”-tripyridyl in its solubility in water and 
organic solvents. 

VI. Resinamines. These basic substances. were insoluble in 
water and were contained in the solid residue remaining after the 
separation of the tripyridy] fraction. The solid was dried and then 
extracted in a Soxhlet apparatus with benzene. After the evapor- 
ation of the solvent a dark brown tar (512 g.) remained. This tar 
was insoluble in water and only slightly soluble in petroleum, but 
dissolved easily in other organic media and in dilute mineral acids. 
When an ethereal solution of this mixture of resinamines was kept 
at 0° for a prolonged period a small quantity of a base crystallised. 
Recrystallisation from hot benzene gave small white plates, m. p. 
214° (Found: N, 16-95%; M, ebullioscopic in benzene, 613). The 
base was almost insoluble in water, but gave a feeble purple tint with 
ferrous salts. Yield, ca. 0-5 g. 

VII. Insoluble residue. The black insoluble residue (1750 g.) 
which was not dissolved by benzene was a grey powder and con- 
tained 28% of its weight of combustible matter. This gave a total 
weight of 490 g. of carbonaceous material. 

VIII. Co-ordination Compound of 2:2':2”-Tripyridyl and 
Ferrous Bromide.—2 : 2’ : 2’’-Tripyridyl was characterised by its 
very stable co-ordination compounds with ferrous salts. 
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Bis-2 : 2’ : 2''-tripyridyl ferrous bromide sesquihydrate (11). Ferrous 
sulphate (2-7 g.) and 2: 2’ : 2’’-tripyridyl (4-6 g.) were heated in 
aqueous medium under reflux for some hours. The cooled, deep 
purple solution was filtered, and excess of a concentrated solution of 
sodium bromide added; the bromide then crystallised in small, 
intensely purple prisms and was recrystallised from warm water and 
air-dried. When slowly crystallised, this complex bromide furnished 
almost black prisms (Found: Fe, 7-8; Br, 22-9, 22-8; N, 11-65; 
loss at 110°, 4:0. C,gH,.N,Br.Fe,1}H,O requires Fe, 7-9; Br, 
22-55; N, 11-85; 14H,0O, 3:8%). This complex bromide was 
extremely stable and was not decomposed by cold dilute acids or 
warm J-alkalis; moreover, it was soluble in alcohol and slightly 
soluble in acetone. 

Since the complex ferrous salts of di- and tri-pyridyls are highly 
coloured substances, samples were submitted to the Dyestufts 
Group of Imperial Chemical Industries Limited for examination as 
to their dyeing properties. The Research Committee of the Dye- 
stuffs Group report as follows :—‘‘ These compounds stain tannined 
cotton to some extent; they have some slight affinity for wool 
when dyed in the absence of acid. They dye silk, the dipyridyl salt 
in a brick red shade and the tripyridyl compound in a violet shade. 
These dyeings, however, have extremely poor fastness to washing ; 
as regards light, the fastness is of the same order as that of direct 
cotton azo dyes of similar shade.” From this report it is evident 
that in spite of their intense colours these co-ordination compounds 
have no particular interest as dyes. 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [ Received, November 5th, 1931.] 





4. The Nitration of Oximes. 


By Wit11aM CHARLTON, JOHN CAMPBELL EARL, JAMES KENNER, 
and ALBERT ANTHONY LUCIANO. 


In previous papers it has been shown that the tendency of nitroso- 
and phenylazo-compounds to pass into oximino-derivatives and 
phenylhydrazones, respectively, is such that it may cause the dis- 
placement not only of carboxylic and similar unsaturated groups, 
but also of saturated alkylol groups (compare Jones and Kenner, 
J., 1930, 919). Moreover, these changes proceed without the aid 
of alkali, which is requisite for a similar transformation of the 
corresponding nitro-compounds. Apparently the sharing of two 
electrons with a co-ordinated oxygen atom causes the nitrogen 
atom of a nitro-group to exercise a greater restraint on the four 
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electrons it shares with the doubly bound oxygen atom than it 
does in the nitroso-group. 

It therefore appeared to be of interest to compare the nitroso- 
and the nitro-group in respect of their relative ease of displacement 
by means of alkali or other reagents when attached to the same 
carbon atom, as in ¥-nitroles. For this purpose dimethyl-y-nitrole 
was originally selected, but at an early stage in our work Rheinboldt 
and Dewald (Ber., 1927, 60, 249) showed that dibenzyl-y-nitrole (I) 
is easily accessible by the action of alkyl nitrite and nitric acid on 
dibenzyl ketoxime. It has the further advantage, for our purpose, 
of existing in the unimolecular condition. 

CH,Ph NO CH,Ph NNR 
1) OHePh>-CSNO, CH.Ph>C<No, 

The 4-nitrole exhibited the characteristic beheviour of nitroso- 
compounds towards aniline and m-toluidine, and furnished well- 
crystallised yellow azo-derivatives (II; R = C,H, or C,;H,). The 
remainder of our experiments with basic reagents were, however, 
vitiated by the marked tendency of the y-nitrole to undergo oxid- 
ation in alcoholic solution to dibenzyldinitromethane. Rheinboldt 
and Dewald record the same behaviour in ethereal or benzene 
solution, and the formation of bromonitrocamphane from the green 
product of the action of potassium hypobromite on camphoroxime 
by exposure to air is doubtless yet another instance of the way in 
which nitroso-compounds reproduce the behaviour of nitric oxide 
in this respect (Forster, J., 1899, 75, 1144; 1900, 77, 255). 

Rheinboldt and Dewald also record the liberation of iodine when 
their ¥-nitrole is treated with dilute hydriodic acid. It would be 
anticipated that the reaction would pursue the following course 
(compare Earl and Kenner, J., 1927, 2139) : * 


(CHPh),CCNO, + 2HI —> I, + (CH,Ph).CCNG. jug 
(CH,Ph),C:NOH + HNO, 


* In this paper, it was pointed out that in general the carbonyl group, in 
contradistinction from the nitroso-group, does not undergo reduction by cold 
dilute hydriodic acid, but it was nevertheless later emphasised that the 
difference between the two is one of degree (J., 1928, 2701) arising from the 
greater tendency of the nitrogen atom to acquire electrons. This property 
of the carbon atom in the carbonyl group can, however, be intersified by 
exposing it to a separate demand for electrons. Accordingly quinone can be 
estimated quantitatively by means of dilute hydriodic acid (compare Will- 
stétter and Magiora, Ber., 1910, 48, 1172) and the quinols are reduced by both 
hydriodic and hydrobromic acids (Auwers, Ber., 1912, 35, 443). Similarly 
the elimination of the methylol group under the influence of the nitroso- and 
phenylazo-groups (J., 1930, 989) finds an exact parallel in the formation of 
5-nitro-m-4-xylenol by nitration of o-oxymesityl alcohol, an o-quinitrole being 
doubtless an intermediate product (Fries and Kann, Annalen, 1907, 358, 340). 
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The oxime is in fact the ultimate product, and the amount of 
iodine liberated is in agreement with this scheme. Similarly, 
bromonitrosodimethylbutane was largely converted by treatment 
with excess of hydrobromic acid into pinacolin oxime and bromine : 
CMe,°CMeBr-NO + HBr = CMe,*CMe-NOH + Br,. Further, the 
hydrobromide of camphoroxime was prepared from the blue ethereal 
solution extracted from an early stage of the reaction between 
potassium hypobromite and camphoroxime (compare also Forster, 
J., 1897, 71, 1045). 

Prior to Rheinboldt and Dewald’s publication, however, we had 
found it necessary to examine the modes of preparing ¥-nitroles. 
Their formation by the action of nitrogen peroxide on ketoximes 
(Scholl, Ber., 1888, 21, 508) is not particularly satisfactory, and 
has been regarded as an indirect reaction, depending on the oxid- 
ation of the oxime to the aci-nitro-compound, followed by inter- 
action of this with the resulting nitrous anhydride (compare Born, 
Ber., 1896, 29, 90; Bamberger, Ber., 1900, 33, 1781; Schéfer, Ber., 
1901, 34, 1910). It therefore appeared worth while to adapt Piloty’s 
procedure in preparing bromonitroso-derivatives by the bromination 
of oximes (Ber., 1898, 31, 452) and to attempt their nitration : 


*>C=NOH + HNO, —> y>C<No, 4 H,0 


Wolff had already briefly recorded the formation of propyl-y,- 
nitrole from acetoxime by this method (Annalen, 1895, 288, 32, 
footnote), but, in spite of numerous attempts under a variety of 
conditions, we were able at best to obtain only very small yields by 
nitration in glacial acetic acid solution. The difficulty arose from 
a further reaction involving profound decomposition, and this was 
even more pronounced when the oximes of methyl ethyl ketone, 
diethyl ketone, and cyclohexanone, respectively, were treated in 
the same manner. But very satisfactory yields of ¥-nitrole were 
obtained from dibenzyl ketoxime and from camphoroxime. In the 
latter case, however, its instability renders the product difficult of 
isolation in the pure condition. 

A very smooth reaction occurred in the case of benzoin oxime, 
and resulted in the immediate formation of benzaldehyde and 
phenylnitrolic acid : 


Ph-C:NOH seme 
bog Phin’: Pie<Nolt 
PhOHOH Ph H-OH Ph-CHO 





o-Oxyisoduryl alcohol behaves similarly and its conversion into o0-di-/- 
cumenolemethane (Zincke and Hohorst, ibid., p. 363) ean also be regarded 
from this point of view. 
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Similarly, the odour of benzaldehyde was at once perceptible 
when the oxime was treated with bromine. The reaction is a 
particular case of the elimination of alkylol groups referred to at 
the outset, and represents a means of determining the constitution 
of «-hydroxy-ketones. Thus, benzpiperoin, from the condensation 
of benzaldehyde with piperonal (Hérbye, Dissert., Dresden, 1917; 
compare Brass, Ber., 1930, 63, 2617), was converted through its 
oxime into benzaldehyde and piperonylnitrolic acid : 


H,C—O wr Ye 
—NOH —> co ZNOH | ph-cHO 
(LV.) te te <NO, 


Hoérbye also deduced the constitution (IV), since he obtained 
benzaldehyde and piperonylic acid by applying Zincke’s procedure 
of oxidative degradation to benzpiperoin (Annalen, 1882, 211, 228). 

Our method is, however, subject to limitations. It does not, for 
example, apply to glucoseoxime, since the alcoholic hydroxyl groups 
react preferentially to that of the oximino-group with nitric acid. 
Again, the oxime of 2-hydroxycyclohexanone suffers immediate 
decomposition. A similar reaction has already been recorded in 
the case of the monoximes of «-diketones, for Jovitschitsch showed 
that the nitrolic acid (V) resulted from the nitration of ethyl 
wonitrosoacetoacetate : 


CH,COCINOH = fag cpp NO | OH 
CO,Et 0,Et (V.) CO,Et 


Similarly, the chloro-derivative (V, with Cl in place of NO,) 
resulted from the action of potassium chlorate and hydrochloric 
acid (Ber., 1895, 28, 1213, 2675; 1902, 35, 151; 1906, 39, 
784). 

A nitrolic acid was also obtained from o-nitrobenzaldoxime, and 
converted into o-nitrobenzoic acid, whilst p-nitrobenzoic acid was 
isolated directly from the nitration of p-nitrobenzaldoxime, pre- 
sumably owing to the instability of the nitrolic acid. 

The behaviour of benzaldoxime on nitration differs from that of 
the nitrobenzaldoximes in that the blue colour first produced does 
not immediately disappear, but only very gradually changes 
through green to yellow, and, in place of the nitrolic acid, phenyl- 
dinitromethane is the chief product, accompanied by a sensible 
proportion of benzaldehyde. It would seem that in virtue of its 
0,p-directive capacity, the phenyl group is able in some measure to 
meet the demand of the nitroso-group for electrons, and thus 

c 
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sufficiently to stabilise the y-nitrole first formed to allow of its 
oxidation : 


Ph Ph. NO Ph, -NO 
‘hSC=NOH —> | B>C<No, | arte epee 


Pn Co on — <n > PhCHO'+ No, 


The formation of free aldehyde can reasonably be attributed to 
the same influence, permitting an initial co-ordination of oxygen, 
followed by rearrangement as indicated (compare Bamberger, loc. 
cit.; Jones and Kenner, loc. cit.). We have also examined the 
nitration of the isomeric chloro- and methoxy-benzaldoximes, and 
of the tolualdoximes, obtaining in every case a nitrolic acid or a 
dinitromethane derivative. Usually, however, the isolation of these 
more or less unstable products in a state of purity involved some 
difficulty and consequent loss, so that it does not appear justifiable 
to attempt any detailed correlation of the results with the influence 
of the nuclear substituents. It may, however, be noted that in 
every case the o-derivative yielded a nitrolic acid, so that the 
o-effect observed by Lapworth and Manske (J., 1928, 2533) may 
possibly have asserted itself in this series also. 

Aromatic aldoximes are also readily amenable to the same process 
of nitration. The first case studied was that of m-nitrobenzald- 
oxime, from which the corresponding nitrolic acid (VI) was readily 
obtained, and identified by its decomposition on, heating into 
adie, acid = nitrous oxide : 


. vt ‘aia 


cu me +N,0 


(VII.) CO,H 

The formulation of the ¥-nitrole (v1) as an intermediate product 
is justified by the transient blue colour which is easily visible 
during the reaction. This observation is of importance, since the 
relationship between oxime and nitrolic acid is that of phenol to 
its o-nitro-derivative, whilst the formation of y-nitroles corresponds 
to that of the quinitrole (VIII) from, e.g., 3 : 5-dichloro-o-cresol. 
The current view as to the mechanism of the bromination of 
anisole postulates formation of the oxonium derivative (IX), 
followed by extrusion of proton from the 4-position (compare 
Robinson, J. Soc. Chem. Ind., 1925, 4567). But the blue colour 
noted above is experimental support (well adapted, it may be 
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remarked, to purposes of lecture demonstration) for the view that 
the ong nee (X) precedes the nitrophenol as a product of the 


ck CSn0 Pose: oe ine Br Con0 Seen 


Me NO, HNO, H NO, 
(VIIL.) (IX.) (X.) (XI.) 


nitration of phenol, which usually occurs in the form of the phen- 
oxide ion. It would also represent the most direct mode of depolar- 
isation of (XI), the analogue of (IX), which would result when the 
process of substitution is retarded by repression of ionisation in 
presence of strong mineral acid (compare Hewitt, Kenner, and Silk, 
J., 1904, 85, 1225). The recent observation of the formation of 
2 : 6-dichloro-4-nitrophenol even from 2 : 6-dichloro-4-methylqui- 
nitrole in warm methyl-alcoholic solution (Jones and Kenner, J., 
1931, 1943) shows, if indeed such demonstration is necessary, 
that (XI) could readily pass into o-nitrophenol. 

By contrast with the preceding results, the formation of 3-nitro- 
4-hydroxybenzaldehyde and its oxime from the nitration under the 
same conditions of p-hydroxybenzaldoxime is noteworthy. Not 
only does it support the suggestion that the nitration of the oxime 
group is comparable with that of the phenol, but it illustrates the 
manner in which, in presence of a weak acid which does not repress 
its ionisation too strongly, aromatic hydroxyl exerts a stronger 
directive influence than aromatic methoxyl, whilst oximino-hydroxyl 
is intermediate in strength between the two. The present experi- 
ments may thus be regarded as supplementary to those of Wieland 
in illustrating the relationship between aromatic substitution and 
the reactions of open-chain unsaturated compounds. In this con- 
nexion, it is apposite to recall the «-nitration of urethane, urea, 
and guanidine (Thiele and Lachman, Ber., 1894, 27, 1520) and of 
acetic anhydride (Chattaway, J., 1910, 97, 2099) as comparable 
with the m-nitration of benzoic acid. 

Finally, it should be mentioned that Ruggeri has extended 
Scholl’s work on the nitration of ketoximes by nitrogen peroxide, 
and in this way prepared m-nitro- and p-chloro-phenylmethylnitrolic 
acids from the corresponding oximes (Gazzetia, 1923, 53, 691). 
Again, the formation of phenyldinitromethane, under similar con- 
ditions, from the monoxime of benzoylearbinol and of acetylbenzoyl 
(Ponzio, Gazzetta, 1901, 34, i, 262; 1909, 39, i, 326) is exactly 
analogous to the behaviour of benzoinoxime and ethyl ésonitroso- 
acetoacetate already discussed. ‘The correspondence with the results 
of simple nitration suggests, however, that Bamberger’s view, 
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already mentioned, is an unnecessarily complicated explanation, 
and it is more satisfactory to regard the action of nitrogen peroxide 
as a process of nitration exactly comparable with that of bromin- 
ation by bromine. In such substitution reactions, and their 
additions to ethylenic compounds, nitrogen tri- and tetr-oxides 
exhibit definite polar properties. Thus in ,-nitrosite formation, 
the nitrogen of the nitro-group conforms to Markownikow’s rule in 
regard to the halogen atom in hydrogen halide additions, e.g. 
(Wieland, Annalen, 1921, 424, 73), 


Me,C—CHMe __ Me,C:CHMe —> Me,CCI-CH,Me 
NO, NO 
This and the familiar nitration of amines and phenols by nitrogen 
trioxide are in agreement with the considerations advanced at the 
outset of this paper, as also is the formation of «-nitrostilbene by 
the action of alcoholic potassium hydroxide on stilbene ¥-nitrosite 
(Wallach, Annalen, 1900, 363, 349). 


EXPERIMENTAL. 


In order to avoid constant repetition of the same phrase in the 
following account, it is to be understood that identification of 
known compounds included not merely the determination of melting 
point as quoted, but also direct comparison with an authentic 
specimen. 

Dimethyl-p-nitrole—When fuming nitric acid (2-3 c.c.; d 1-46) 
was gradually added to a solution of acetoxime (5 g.) in glacial 
acetic acid (5 g.) at 50°, a blue distillate was collected which crys- 
tallised when cooled and treated with ligroin. Yield, 0-2 g.; m. p. 
76°. In another experiment, fuming nitric acid (1-1 c.c.) and acetic 
anhydride (3 c.c.) were successively added to a solution of the 
oxime (1 g.) in glacial acetic acid (5 c.c.) below 4°. After 1 hour, 
the blue solution was diluted with ice-water (40 c.c.). Yield, 0-05 g. 
Nitration in carbon tetrachloride solution led to a similar result. 

Dibenzyl-p-nitrole—Fuming nitric acid (6-5 c.c.; d 1-48) was 
added gradually to a solution of dibenzyl ketoxime (10 g.) in glacial 
acetic acid (150 c.c.). After the mixture had been kept for 10 
minutes in the dark, the blue solution was diluted with water 
(500 c.c.). Crystallisation of the blue precipitate by cautious 
addition of water to its solution in glacial acetic acid yielded in 
the most favourable case 7-3 g. of y-nitrole, m. p. 72—73° (Found : 
N, 10-5. Cale. for C,;H,,0,N,: N,. 10-4%). Rheinboldt and 
Dewald (loc. cit.) give m. p. 88°. When an alcoholic solution of the 
~-nitrole was boiled for one hour, it was decolorised, and the solid 
recovered after dilution with water, and recrystallisation from 
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alcohol, melted at 127-5° (Found: N, 9-5. Cale. for C,;H,,0,N,: 
N, 98%). It was therefore dibenzyldinitromethane, for which 
Rheinboldt and Dewald record m. p. 132°. 

A solution of the ¥-nitrole (1-785 g.) in benzene was shaken for 
7 hours with an aqueous solution of potassium iodide (1-93 g.) and 
sulphuric acid (1 mol.). The benzene layer contained iodine (1-24 g., 
estimated, after removal, with excess of standard sodium thio- 
sulphate solution), and dibenzyl ketoxime (0-5 g., m. p. 119°. 
Found: N, 63%). A mixture of the y-nitrole (1-72 g.) with redis- 
tilled aniline (10 g.) yielded a yellow crystalline separation (0-48 g.) 
after 24 hours at 0°. A further quantity (1-9 g.) remained after 
the liquor had been treated with dilute acetic acid (40%). By 
crystallisation from alcohol, bright yellow prisms, m. p. 108°, were 
obtained (Found: C, 73-3; H, 5-6; N, 12-1. C,,H,,0,N; requires 
C, 73-0; H, 5-6; N, 12-2%). A similar product from m-toluidine 
formed small lemon-yellow prisms, m. p. 109—110° (Found: N, 
11-5. Cy.H,,0,N, requires N, 11-7%). 

Camphor-4-nitrole—This was precipitated when water (50 c.c.) 
was added to a mixture of fuming nitric acid (0-65 c.c.) with a 
solution of camphoroxime (1 g.) in glacial acetic acid (15 c.c.), after 
10 minutes in the dark. The blue crystalline precipitate was dried 
on porous earthenware in a vacuum for 2} hours (Found: N, 13-4. 
CoH, g03N, requires N, 13-2%). The melting point of this material 
had fallen over-night from 60° to 52°. 

Reduction of Bromonitroso-derivatives by Hydrobromic Acid.—An 
ethereal solution of bromonitrosodimethylbutane, m. p. 127° (Piloty 
and Stock, Ber., 1902, 35, 309) became homogeneous and yellowish- 
green when shaken with hydrobromic acid. By dilution a red 
ethereal solution was obtained, from which tribromophenol, m. p. 
88°, was obtained by treatment with phenol. From the aqueous 
acid liquor, pinacolin oxime, m. p. 75—79°, was isolated by treat- 
ment with alkali and extraction with ether. Similar results were 
obtained with a blue ethereal extract obtained after 10 minutes 
from the product of interaction of potassium hypobromite solution 
and camphoroxime (Forster, loc. cit.). 

Nitration of Benzoinoxime.—When nitric acid (1-1 ¢c.c.; d 1-5) 
was added to a solution of benzoinoxime (4-5 g.; m. p. 150—154°) 
in glacial acetic acid (90 c.c.), a transient green colour was observed, 
and the odour of benzaldehyde was at once apparent. After 8 
minutes, the mixture was poured into ice-water (300 c.c.) and 
extracted thrice with ether. The combined extracts, having been 
washed once with water, were shaken with successive small volumes 
of ice-cold 2% aqueous ammonia, until an orange-coloured extract 
was obtained. The process of extraction was then continued, and 
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the united coloured extracts (160 c.c.) were extracted once with 
ether and then acidified with cold oxalic acid solution. The dried 
ethereal solution from two extractions yielded, after crystallisation 
from chloroform-light petroleum, a yellow crystalline product, m. p. 
58—59°, which did not depress the melting point of phenylmethyl- 
nitrolic acid, m. p. 59—60°, prepared according to the directions of 
Wieland and Semper (Ber., 1906, 39, 2524). 

From the ethereal solution left after removal of the nitrolic acid, 
benzaldehydephenylhydrazone (3-3 g.), m. p. 155°, was prepared. 

Constitution of Benzpiperoin (compare Brass, loc. cit.) —-The oxime, 
prepared in the usual manner, was purified by trituration succes- 
sively with a mixture of light petroleum and benzene, then with 
benzene, and finally by crystallisation from methyl alcohol. It 
melted at 153—154° (Found: N, 5-35. C,;H,,0,N requires N, 
5:16%). The benzene washings contained a second impure sub- 
stance, m. p. 105—111°, possibly the isomeric oxime, which was 
not examined further. A solution of the oxime (5-4 g.) in glacial 
acetic acid (130 c.c.) was treated with nitric acid (1-7 c.c.; d 1-48) 
and worked up as in the case of benzoinoxime. Crude benzaldehyde- 
phenylhydrazone (4-1 g.) was obtained, and readily identified after 
purification, but the instability of piperonylnitrolic acid, m. p. 88°, 
prevented its analysis and it was identified by its decomposition 
product, piperonylic acid, m. p. 225°. It could be separated from 
the latter by solution in chloroform. 

Attempted Nitration of 2-Hydroxycyclohexanoneoxime.—The hydr- 
oxy-ketone, prepared as described by Kétz (Annalen, 1913, 400, 
55), melted at 131—132° after crystallisation from ethyl alcohol 
(Found; C, 63-3; H, 9-0. Calc.: C, 63-1; H, 88%). Previously 
recorded melting points are 92—93° (Kétz and Goethe, J. prakt. 
Chem., 1909, [2], 80, 488), 98° (K6étz, loc. cit.), and 113° (Bouveault 
and Chereau, Compt. rend., 1906, 142, 1086). The oxime (K6tz, 
loc. cit.) is more expeditiously prepared by boiling the ketone 
(22-8 g.) with ethyl alcohol (200 c.c.), and solutions of hydroxy]l- 
amine hydrochloride (42 g.) and sodium hydroxide (24 g.) in the 
minimum amounts of water, for 5 hours (m. p. 105—106°. Found: 
N, 10-9%). It yielded a dark green salt, soluble in chloroform, 
when shaken with a solution of copper acetate, and imparted a 
purplish-red colour to a solution of nickel sulphate to which a 
trace of ammonia had been added. The oxime reacted vigorously 
with nitric acid under the conditions applied to benzoinoxime, and 
an apple-green solution resulted, but no definite products could be 
isolated. 

Nitration of Aldoximes.—A solution of m-nitrobenzaldoxime (2 g.) 
in cold glacial acetic acid (30 c.c.) was gradually treated with nitric 
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acid (1-0 c.c.; d 1-5). After a few seconds the deep green solution 
deposited a white substance (0-2 g.), which was collected when, 
after 6 minutes, the whole was poured into a mixture of sodium 
hydroxide solution (40%, 60 c.c.) and ice-water (240 c.c.). After 
being washed with acatic acid and with ether, it melted at 131° 
(decomp.) (Found : C, 50-6; H,3-2; N,17-2. Cale. for CjgHjgO_N,: 
0, 50-9; H, 3-1; N, 17-0%), and did not depress the melting pomt 
of a sample of m-nitrobenzaldoxime peroxide prepared by the 
action of nitrogen peroxide on the oxime (Ruggeri, Joc. cit.). The 
alkaline solution, acidified at 0° by dilute sulphuric acid and 
extracted with ether, yielded m-nitrophenylmethylnitrolic acid (1-1 
g.), which was purified by addition of water to its solution in glacial 
acetic acid. Thus prepared, it melted at 82° (Ruggeri, loc. cit., 
gives m. p. 89°) (Found : N, 19-9. Cale. for C,H,0;N,: N, 19-9%), 
but this rose comparatively rapidly owing to decomposition of the 
nitrolic acid into nitrous oxide and m-nitrobenzoic acid, m. p. 138° 
(Found: N, 84%): this reaction was shown in a special experi- 
ment to occur quantitatively. 
o-Nitrobenzaldoxime (2 g.) similarly yielded 0-25 g. of material, 
m. p. 120° (decomp.) (Robin, Ann. Chim. Phys., 1921, 16, 77, 
quotes 117° as the melting point of o-nitrobenzaldoxime peroxide), 
and o-nitrophenylmethylnitrolic acid (1-35 g.), m. p. 84° (Found: 
N, 19:9%). By boiling with water the acid yielded a tarry product 
and an aqueous solution of salicylic acid, m. p. 155°, which responded 
to the usual colour reaction with ferric chloride. 
p-Nitrobenzaldoxime (2 g.) in the same way furnished the per- 
oxide (0-25 g.), m. p. 143° (decomp.) (Found : C, 51-2; H, 3:3; N, 
16-9°%%), but apparently the nitrolic acid is very unstable and only 
p-nitrobenzoic acid (0-75 g.), m. p. 235°, could be isolated. 
a-Benzaldoxime (5 g.) in glacial acetic acid (75 c.c.) yielded a 
brown solution 10 minutes after being treated ‘with fuming nitric 
acid (2‘5 c.e.; d@ 1-5), and this was poured into excess of ice-cold 
dilute ammonia solution. Benzaldehyde was removed by ether 
and estimated as phenylhydrazone (1-25 g., m. p. 155°), and acid- 
ification of the residual alkaline solution yielded phenyldinitro- 
methane (0-9 g.), m. p. 78—80° (Found: N, 15-2. Cale.: N, 15-4%). 
Ponzio (Atti R: Accad. Lincei, 1906, 15, ii, 118) records m. p. 79°. 
m-Tolualdoxime (2-7 g.) similarly yielded a yellow oil, from which 
after some days m-tolyldinitromethane (0-3 g.) crystallised; after 
heing crystallised from acetic acid by addition of water, this melted 
at 53° (Found: N, 14:4. C,H,O,N, requires N, 143%). The 
small proportion of free aldehyde produced in the reaction was 
characterised as phenylhydrazone, m. p. 88—90°. 
p-Tolualdoxime (5-4 g.) also yielded the corresponding dinitro- 
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methane (1-6 g.), m. p. 78—79° (Found: N, 14:2%). Ponzio (loc. 
cit.) records m. p. 77°. Free aldehyde (1-1 g.) was also isolated as 
phenylhydrazone, m. p. 114—115°. 

o-Tolualdoxime (5-4 g.) furnished a small proportion ‘of free 
aldehyde, characterised as phenylhydrazone, m. p. 114—115°, but 
as chief product 0-tolylmethylnitrolic acid (1-5 g.), m. p. 64° (decomp.) 
(Found: C, 52-8; H, 4:5; N, 15-7. C,H,O,N, requires C, 53-3; 
H, 4:5; N, 156%). Over-night the melting point had fallen to 
58° (decomp.), and the nitrolic acid was only isolated by working 
at low temperatures throughout. 

o-Chlorobenzaldoxime (2-9 g.) in glacial acetic acid (45 c.c.) and 
nitric acid (0-9 c.c.; d 1-48) yielded traces of free aldehyde and 
o-chlorophenylnitrolic acid (2-2 g.), which separated in pale yellow 
crystals, m. p. 72°, when light petroleum was added to its solution 
in chloroform (Found: C, 41-9; H, 2-5; N, 13-8. C,H,0,N,Cl 
requires C, 41-9; H, 25; N, 140%). It was comparatively stable 
and furnished o-chlorobenzoic acid, m. p. 139—140°, when boiled 
with water, but no salicylic acid. 

m-Chlorobenzaldoxime (2-7 g.) similarly yielded m-chlorophenyl- 
nitrolic acid (0-8 g.), m. p. 61°. Owing to its rapid decomposition, 
unsatisfactory analytical results were repeatedly obtained (Found : 
N, 13-0, 13-39%). Free m-chlorobenzaldehyde (identified as phenyl- 
hydrazone, m. p. 133—134°) and its perowide (0-25 g.), m. p. 111° 
(decomp.) (Found: N, 9-1. C,,H,,0,N,Cl, requires N, 9-1%), also 
resulted from the nitration. 

p-Chlorobenzaldoxime (1 g.) in glacial acetic acid (15 c.c.), with 
nitric acid (0-5 c.c.; d 1-48), yielded p-chlorophenyldinitromethane 
(0-5 g.), m. p. 53°, after crystallisation from warm light petroleum 
(Found: N, 12-7. Cale.: N, 12-8%). Ruggeri (loc. cit.) records 
m. p. 55°. Free p-chlorobenzaldehyde was also formed and 
identified as phenylhydrazone, m. p. 126—128°. 

o-Methoxybenzaldoxime (3 g.) yielded o-methoryphenylmethyl- 
nitrolic acid (1-7 g.), m. p. 68° (Found : N, 14-0. C,H,0,N, requires 
N, 143%), from which o-anisic acid, m. p. 100°, was obtained by 
boiling it with water. 

m-Methoxybenzaldoxime was only obtained as an oil, from which 
indefinite oily products were obtained by nitration. 

Anisaldoxime (3 g.) yielded an oily nitration product, from which 
were separated anisic acid (0-1 g.), m. p. 180—182°, and anisyldi- 
nitromethane (0-2 g.), m. p. 32—33° after crystallisation from light 
petroleum (Found : N, 13-6%). Ponzio (loc. cit.) records m. p. 34°. 
A large proportion of free aldehyde was also formed and isolated 
as phenylhydrazone (3 g.), m. p. 120—121° after crystallisation 
from alcohol. 
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Piperonaldoxime (5 g.) yielded a small amount of piperonal, 
detected by its odour, and piperonyldinitromethane (2 g.), m. p. 
70—72° after crystallisation from light petroleum (Found : N, 12-6. 
Cale. for C,H,O,N,: N, 126%). Ponzio (loc. cit.) records m. p. 72°. 

p-Hydroxybenzaldoxime (1-4 g.) yielded a mixture of 3-nitro-4- 
hydroxybenzaldehyde and its oxime (1-8 g.), which was identified 
by complete conversion into the oxime, m. p. 168—169°, and 
hydrolysis of this to the free aldehyde, m. p. 142—143°. The 
oximes of m-hydroxybenzaldehyde and protocatechuic aldehyde 
underwent a vigorous reaction on nitration under the above con- 
ditions, but no definite products were isolated. 


One of us (W. C.) is indebted to Imperial Chemical Industries 
Limited for facilities which enabled him to participate in this 
work, and we are also indebted to the same firm for assistance in 
defraying its cost. 
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5. Metallic Hydroxy-acid Complexes. Part VI. 
Complexes of Lead and Zinc. 


By Este Evetyn Wark. 


THE complex salts of hydroxy-acids and copper have been described 
by I. W. Wark in a series of papers in this journal. Unrecorded 
attempts by him to resolve the alkaloid cuprisalicylates, after the 
manner of Béeseken’s resolution of a borosalicylate (Rec. trav. chim., 
1921, 40, 553), proved unsuccessful. Since the successful resolution 
of one of these metallic salicylates would definitely determine their 
configuration, a study of the complex salts of lead and zinc has been 
undertaken. These give colourless solutions more suitable for 
attempts at resolution than those of the copper complexes. 

The complexes of lead and zinc hydrolyse more readily than those 
of copper. The simple tartrates dissolve in sodium hydroxide in a 
manner similar to copper tartrate, except that excess of sodium 
tartrate is necessary to prevent hydrolysis, All three tartrates— 
lead, zinc, and copper—appear to require 5/4 mols. of sodium hydrox- 
ide per mol. of tartrate to produce a complex, but whereas the sodium 
cupritartrate formed according to the equation (Packer and Wark, 
J., 1921, 119, 1348) 
5NaOH Bs 4CuC,H,O, —> Na,Cu,C,,H,0,, + Na,C,H,0,+4H,0 

Cc 
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is scarcely hydrolysed by water, and the sodium zincitartrate is 
slightly hydrolysed, yet the plumbitartrate is very highly so. 

The monohydroxymonobasic acid complexes exhibit a similar 
range in stability. Sodium cuprilactate solution may be stabilised 
by sodium lactate (Wark, J., 1923, 123, 1815), but it is quite im- 
possible to stabilise the lead and zinc salts in this manner. To pre- 
vent hydrolysis of the copper complexes, recourse had to be made to 
working in anhydrous alcoholic solutions (Wark, J., 1927, 1753). 
The lead and zinc complexes, being less stable than that of copper, 
have likewise only been isolated from anhydrous alcoholic solutions. 
So readily hydrolysed are they that even a trace of moisture in the 
alcohol causes decomposition. 

The general composition of these complexes is Na,MA,, where M 
signifies the metal, and A the acid radical. It is suggested, from an 
analogy with Béeseken’s formula for the borosalicylates, that their 
constitution is 


[ ‘ 
Na, | BOP M<O2F 
Difficulties attending the preparation and purification of the 
alkaloid salts of the complex salicylates have so far prevented any 
exhaustive attempts at resolution. 


EXPERIMENTAL. 


Complexes with Monohydroxymonobasic Acids.—Preparation. All 
the complexes were prepared by the action of sodium ethoxide or 
methoxide on the anhydrous simple salts, which were themselves 
best prepared by the interaction of aqueous solutions of the appro- 
priate acid and zinc and lead acetate, other methods giving basic 
salts. These salts were then dehydrated, the lactates, glycollates, 
and mandelates by heating, and the salicylates, since they decompose 
on heating, by recrystallisation from an acetone solution by addition 
of benzene. All the salts, when treated with a standard solution of 
sodium ethoxide or methoxide in alcohol (the alcohol, whether ethyl 
or methyl, was dried over quicklime and then over aluminium 
ethoxide or methoxide), required two molecules of alkali to dissolve 
one molecule of simple salt. The salicylates were used in alcoholic 
solutions, and the immediate effect of the alkali was to give a white 
precipitate which dissolved on addition of further alkali. The other 
compounds were used in the solid state. On evaporation of the 
resultant solutions over sulphuric acid, the complex salt crystallised. 
This was freed from alkali by washing with alcohol and acetone. 

Analysis. In each case the organic radical was destroyed by 
sulphuric acid. Zinc was determined electrolytically, and lead and 
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sodium were weighed as sulphates. The results are tabulated 


below. 
(a) Zine Complexes. 


Salt. Zn, %. Na, %. Na/Zn. 
Sodium zincimandelate, found ..........s.06+ 14:3 9-9 1-97 
Na,Zn[C,H,-CH(O)-CO,],,C,H,O requires... 14:3 10-1 2-00 
Sodium zincisalicylate, found .................. 15-4 10-8 2-04 
Na,Zn[C,H,(O)-CO,],,CH,O requires......... 15-7 Nl 2-00 
Sodium zincilactate, found ..............s+00e0> 17-9 12-5 1-98 
Na,Zn[CHyCH(O)-CO,],,2CH,O requires... 18-6 13-1 2-00 

(b) Lead Complexes. 

Salt. Pb, %. Na, %. | Na/Pb, 
Sodium plumbimandelate, found ............ 34-9 7-9 2-04 
Na,Pb[C,H,-CH(O)-CO,],,C,H,O requires... 34-6 1-1 2-00 
Sodium plumbisalicylate, found............ wee «= 403 8-8 1-96 
Na,Pb[C,H,(0)-CO,], requires’ ............00 39-5 8-8 2-00 


Sodium zincilactate is so deliquescent that analyses were difficult 
to obtain; this accounts for the low zinc and sodium assays, but the 
Zn/Na ratio is satisfactory. Lead lactate is even more deliquescent 
and is, moreover, so soluble in water that it could not be isolated in a 
sufficiently pure and dry state for the successful formation of the 
complex sodium plumbilactate. 

Neither zinc nor lead glycollate dissolves in either sodium ethoxide 
or sodium methoxide. They differ in this respect from the copper 
glycollate (Wark, loc. cit.). 


The author gratefully acknowledges the help she has received 
from Dr. I. W. Wark, under whose general direction this work was 
carried out, and also from the trustees of the Bartlett Fund for a 
scholarship which has enabled her to pursue it. 
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6. The Dielectric Polarisation of Hydrogen Chloride 
in Solution. Part I. Benzene, cycloHexane, 
and Carbon Tetrachloride. 

By Frep FatrBRoTHER. 


Tue dielectric polarisation of gaseous hydrogen chloride has been 
measured by several observers and the permanent electric moment 
calculated from the temperature coefficient according to the method 
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of Debye. The results thus obtained are p = 1-034 x 10-* e.s.u. 
(Zahn, Physical Rev., 1924, 24, 400), » = 1-180 x 10° es.u. 
(Braunmiihl, Physikal. Z., 1927, 28, 141). Falkenhagen (ibid., 
1922, 23, 87) has published a value of the electric moment p = 2-15 x 
10-8 e.s.u., obtained from dielectric-constant measurements, but 
no values of the latter are given and only a brief description of the 
method. Frivold and Hassel (ibid., 1923, 24, 82), by means of 
electrostriction measurements, estimated the dipole length of the 
hydrogen chloride molecule to be 0-31 « 10-° cm., which corresponds 
to a value of p = 1-48 x 10-78 e.s.u. 

When hydrogen chloride is dissolved, it exhibits properties which 
depend to a very great extent on the chemical properties of the 
solvent. In water and other hydroxylic solvents it behaves as a 
strong electrolyte, whilst in solvents which possess little or no 
affinity for the hydrogen ion it behaves as a weak or even as a non- 
electrolyte, although the solvent may be a good ionising solvent for 
other strong electrolytes such as salts. For instance, Wright, 
Murray-Rust, and Hartley (J., 1931, 199) state that dissolution 
of hydrogen chloride in nitromethane (D.C. = 37 at 25°) scarcely 
alters the resistance of the solvent, and Murray-Rust, Hadow, and 
Hartley (J., 1931, 215) state that in nitrobenzene (D.C. = 35) it 
behaves as a very weak electrolyte. 

These facts are in accord with Bronsted’s definition of an acid 
(Rec. trav. chim., 1923, 42, 718; J. Physical Chem., 1926, 30, 777), 
according to which the ionisation of the acid is dependent upon the 
basic properties of the solvent, i.e., upon the affinity of the solvent 
molecules for the hydrogen ion ; thus in water we have HCl + H,O—= 
H,OH’ + Cl’, the equilibrium, except perhaps in very concen- 
trated solution, lying almost completely to the right. 

It is well known that in gaseous hydrogen chloride there is strong 
evidence from spectroscopic data of a considerable degree of penetra- 
tion of the proton into the electron system of the chlorine atom, 
and that an oscillation of the proton relative to the chlorine nucleus 
takes place along the line joining them. Moreover, the effective 
dipole length, as calculated from measurements of electric moment, 
is about one-sixth of the value of the nuclear separation as 
calculated from infra-red measurements. This indicates a de- 
formation of the electronic atmosphere of the chlorine by the 
electric field of the hydrogen ion (Debye, ‘ Polar Molecules,” 
1929); that is, the gaseous hydrogen chloride, although undoubtedly 
polar in character, cannot be regarded as made up of a positive 
hydrogen ion combined with a negative chloride ion, with the centres 
of the respective positive and negative charges located in the mass 
centres. In fact, it is usual now to regard the binding in gaseous 
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hydrogen chloride as homopolar, the chlorine and the hydrogen 
being intimately bound together and requiring a considerable 
amount of energy to separate them (compare Garner and Lennard- 
Jones, T'rans. Faraday Soc., 1929, 25, 623). 

On the other hand, the proximity of a molecule with which the 
proton can readily form a covalent link causes the hydrogen and the 
chlorine to part entirely. 

It is of interest to know therefore what is the state of the molecule 
in solution in a solvent in which it is un-ionised, for it is not unreason- 
able to expect that, when dissolved in a solvent which has no affinity 
for the proton, the electric fields of the solvent molecules should 
nevertheless affect the configuration of the hydrogen chloride 
molecules, especially if the former possess an appreciable electric 
moment. For example, a change in the relative vibrations of the 
hydrogen and chlorine nuclei or of the distortion of the electronic 
atmosphere of the chloride ion by the proton, would be manifested 
by a change in the effective electric moment of the hydrogen chloride. 
Hassel and Uhl (Z. physikal. Chem., 1930, B, 8, 187) have measured 
the electric moments of a number of substances in various solvents, 
some being of a polar character. They find that the dipole moment 
is but little dependent on the solvent used, so long as a high accuracy 
is not in question. The solutes which they used, however, were not 
such as readily undergo complete ionisation in the presence of a 
suitable solvent, as does hydrogen chloride. 

The dielectric polarisation of hydrogen chloride has now been 
measured in solutionin benzene, cyclohexane, and carbon tetrachloride, 
and work is in progress with other solvents. One would not expect 
much distortion of the molecule in these non-polar solvents, but the 
results show that even here, the dielectric polarisation is greater 
than in the gaseous state. 

Solutions in these three solvents were of immediate interest on 
account of the difference in their electro-endosmotic behaviour 
(Fairbrother and Balkin, J., 1931, 1564): in the ‘same work it 
was shown that these solutions possess no appreciable conductivity. 


EXPERIMENTAL. 


The magnitudes actually measured included the dielectric constants, 
the refractive indices, the densities, and the composition of the 
solutions. 

Dielectric Constant.—This was measured at 1000 kc. (300 metres) 
by a resonance method. The electrical circuits and the arrangement 
of the standard condenser are shown in Fig. 1. In any method for 
the measurement of dielectric constant which depends on the 
frequency of the current used, as does any resonance method, the 
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final accuracy depends on the accuracy with which the frequency is 
known or is kept constant. In the present work the frequency of 
the main oscillating valve V,waskept constant by a piezo-electrically 
oscillating plate of crystalline quartz, @Q. The plate used had a very 
small temperature coefficient, and was allowed to oscillate for some 
time before a measurement was made. It was sometimes found, 
when using a single valve, that the quartz ceased to oscillate when 
the measuring system was brought into resonance. A second valve 
V, was therefore coupled to the first and served to minimise the effect 
of the load of the resonance circuit on the latter. Various com- 
binations of valves were found to work satisfactorily : those actually 
used were, V,, Mullard PM5X; V,, Ediswan R (bright emitter), 















































V, and V, were supplied with high-tension current from a battery 
of large wireless accumulators, the voltage of the mains not being 
sufficiently constant. The accumulators were frequently recharged, 
and the oscillator was allowed to run until the voltage was practically 
constant. The drift of the galvanometer was timed frequently and 
found to be negligible over the time taken for the measurements. 
Coupling between the coil LZ, and the resonance coil Ly was effected 
by a single turn of 40’s d.s.c. wire on each coil former, connected by 
twisted wire. The turn on Lz was 5 cm. from the end of the resonance 
coil: with a much closer coupling it was found that the setting of 
Cs was affected to a slight extent by changes in C,. 

The variable condenser Cs was a Sullivan’s laboratory air con- 
denser of 1200 puf capacity, fitted with a worm-gear slow motion. 
It was arranged as shown, with the axis of its spindle coincident with 
the axis of a circular scale about 1800 mm. long, mounted on the 
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inside of a turned ring of L-section. A mirror silvered on the surface 
(a photographic reflex camera mirror) was mounted on the condenser 
spindle so that the axis of the latter was in the plane of the mirror. 
Readings were taken through a telescope rigidly mounted on the 
scale ring, dnd could be made easily to + 0-01°, the field of the 
telescope covering about 1°. The scale ring and condenser were 
fixed to a heavy teak base which was clamped at the ends with heavy 
iron clamps to prevent distortion. An improvement in the reading 
at the ends of the scale and the avoidance of double images was 
effected by fixing wings of thick black paper at the sides of the 
mirror. ‘The condenser was calibrated in position, by the step-by- 
step method with the aid of another variable air condenser and a 
small air condenser of fixed capacity equivalent to about 10° on the 
scale of Cs. 

The oscillator and resonance circuits were enclosed in earthed 
metal and metal-lined boxes, respectively. In the case of Cg the 
telescope eyepiece and a long ebonite extension of the slow-motion 
screw projected through the box, the scale, when required, being 
momentarily illuminated by an electric lamp. 

One end of the resonance circuit was earthed, which avoided much 
difficulty with stray capacities-to earth. All the leads were well 
insulated, twisted together, and fixed rigidly in position. It was 
considered preferable to minimise the inductance of the leads at the 
cost of a slight increase in their mutual capacity, the latter being 
easier to allow for. 

Connexion between the resonance circuit and the experimental 
condenser was made by a mercury-cup switch, so arranged that the 
positions of the contacts could be reproduced closely: for such a 
switch possesses an unavoidable capacity which it is necessary to 
keep constant. 

The resonance was indicated with the aid of a carborundum-steel 
permanent detector and a sensitive galvanometer. This method was 
adopted after attempts with different types of valve-voltmeter, For 
the present purpose, the convenience and constancy of the carbo- 
rundum-steel detector outweigh the theoretical superiority of the 
valve-voltmeter. The main objection to a crystal rectifier is that 
it takes current from, and therefore imposes a load upon, the resonat- 
ing circuit, this in turn causing, as is well known, a “ flattening ’’ of 
the capacity-current curve, rendering the maximum less well 
defined. The load may be reduced, however, and the tuning 
sharpened by including only a portion of the resonance inductance 
in the rectifier-galvanometer circuit. In the present instance, 3 
turns out of a total of 15 were thus included. 

Readings of the condenser Cg were taken when the (pointer) 
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galvanometer deflexion was 40°, 60°, 80°, and 100°, on both sides of 
the resonance curve: the average of the mean positions was then 
taken as the resonance capacity, which was usually reproducible to 
0-01°. This corresponds to about one part in 3000 parts of the air 
capacity of the dielectric container, which was the smallest capacity 
measured. The dielectric constants are therefore given to 4 signi- 
ficant figures. As a further check against possible error due to 
change in voltage of the high-tension accumulators, and consequently 
of the resonance current, readings of Cg were quickly made with the 
galvanometer pointer at 60° on both sides of the resonance curve : 
this took only a few seconds. 
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A change in capacity of Cs corresponding to 0-1° on the circular 
scale produced a change of about 10 divisions on the galvanometer 
scale. Any damping caused by the rectifier, therefore, did not 
impose any further restrictions on the accuracy of the measurement. 
There is a limitation to the sensitivity of the galvanometer that can 
be used, owing to the minimum current that can be efficiently 
rectified by a carborundum-steel rectifier. The galvanometer with 
its shunt resistance used in the present work had a sensitivity of 
about 1 div. per microamp. The sensitivity of the method was 
greatly improved by placing a small mica condenser (0-004 pf) 
across the terminals of the galvanometer to shunt the A.C. 
component present in the current owing to incomplete rectification. 

The condenser Cx, which is shown in section in Fig. 2, was made 
from three seamless, pure silver tubes about 1 mm. thick and of 
outside diameters approximately 29 mm., 37 mm., and 43 mm. and 
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approximately 30 cm. long. The first and third, which constituted 
one plate of the condenser and were earthed, were silver-soldered to 
an annular ring turned out of thick (2 mm.) pure silver sheet. In this 
ring were 6 equidistant holes through which projected stout platinum 
wires attached at 60° intervals to the second tube. Corresponding 
wires were attached to the outermost tube. When the tubes had 
been assembled, the wires were cut off as close to the silver as con- 
venient and fastened together in pairs by beads of glass fused on to 
the wires : the high conductivity of the silver permitted the platinum 
wires to be heated to bright redness without affecting the silver 
solder afew mm.away. The condenser was enclosed in a containing 
vessel, as shown, resting on a projection round the inner glass tube. 
The latter was partially evacuated and sealed. The capillary tube 
A was so arranged that almost the last drop of liquid could be with- 
drawn from the condenser. The advantages of this condenser, 
which in some respects resembles that used by Smyth (J. Amer. 
Chem. Soc., 1928, 50, 1547), are (1) good shielding of the non- 
earthed. plate of the condenser, (2) no series resistance due to the 
resistance of the plates, a common fault with silver-coated glass 
condensers, (3) good temperature regulation due to the thickness 
and high thermal conductivity of the silver, (4) a minimum amouni 
of solid dielectric, and (5) a large replaceable capacity. The 
measured capacity of the cell containing air, the leads and mercury- 
cup switch, was about 200 yyuf, of which 95% was replaceable. The 
non-replaceable capacity, consisting of stray, fixed, and lead capaci- 
ties, was estimated by calibration with pure dry benzene (Kahlbaum’s 
“for analysis and molecular-weight estimations ”), of which the 
dielectric constant was assumed to be 2-273 at 25-0° (Oliver and 
Hartshorn, Proc. Roy. Soc., A, 1929, 123, 664). The benzene was 
distilled from pure phosphoric oxide, and transferred to the condenser 
out of contact with the atmosphere, with the complete apparatus 
assembled. 

The condenser was fixed in a thermostat filled with a second- 
quality medicinal paraffin. The liquids were introduced, removed, 
and the cell was rinsed with pure solvent and dried (with dry nitrogen), 
without moving it, thus eliminating changes of non-replaceable 
capacity due to small changes in the disposition of the apparatus. 
The condenser vessel was filled each time just to the level L, where 
the leads entered the glass tubes. 

Refractive Indices.—These were measured with a Pulfrich refracto- 
meter at 25-0° for the wave-lengths 6708 A. (Li), 5893 A. (Na), 
5461 A. (Hg), and 4359A. (Hg). The refractometer was first 
calibrated at the different wave-lengths by means of a quartz block 
cut to give the ordinary and extraordinary rays, as described by 
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Lowry (Proc. Opt. Convention, 1912, 2, 291). This was necessary 
since the tables provided with the instrument were unsuitable for 
use with the lithium and mercury lines. 

The ordinary form of Pulfrich refractometer is unsuitable for use 
with solutions which have a considerable vapour pressure at the 
temperature of measurement, owing to evaporation and consequent 
change in composition of the liquid. This was particularly so with 
the solutions of hydrogen chloride used, which fumed strongly in 
the air. The apparatus shown in 


Fie. 3. : 
ie Fig. 3 was therefore designed to 
SOLUTION , : . 

{ get over this difficulty. The ap- 
paratus is made entirely of glass 
and takes the place of the refracto- 

_— GattR? meter heater, the ground flange 


being cemented to the top of the 
Y refractometer cell. In the present 
experiments, seccotine was used as 

the cement, control estimations 

having shown that the refractive 
indices were not affected by it. 
Moreover, as can be seen, the refrac- 
} =) tometer becomes a closed system, 
and successive quantities of a solu- 

tion may easily be transferred to 
the surface of the prism. The 
solutions were washed completely 
from the cell by the passage of 
considerable quantities of purified 
solvent, and the cell and prism face 
were dried by filtered and dried air. 
The glass water-jacket was placed 
in series with the usual refracto- 
meter heater, the temperature of 
the circulating water being read by the thermometer in the latter. 
A powerful rotary piston pump maintained a rapid stream of water 
from the thermostat through the system. The temperature con- 
trol was further assisted by lagging the glass apparatus, above 
the usual wooden block, with black cotton wool, and by enclosing 
the refractometer within a wooden box, the air in which could 
be warmed by small electric lamps to approximately 25°, and through 
the front and sides of which the telescope and adjustments pro- 
jected. The scale was read through a hole in the front of the box. 
With these precautions it was possible to maintain the temperature 
of the liquid under observation constant to within + 0-05°. 
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The apparatus in Fig. 2 was designed for the measurement also of 
the dielectric constants and refractive indices of other solutions, 
which were introduced at M and N respectively, as were also pure 
solvents for rinsing out the apparatus. 

Densities.—These were measured with the aid of the dilatometer D 
(Fig. 2). The left limb was ground to fit both the joint on the main 
apparatus and its own cap. The dilatometer, which held about 
30 c.c., was graduated as shown, with bulbs on the stem, for use over 
a wide temperature range. In the present work only a single 
estimation of the density of a solution at a temperature other than 
25-0° was carried out, owing to the loss of hydrogen chloride at higher 
temperatures. 

Temperatures in each case were referred to astandard thermometer 
graduated in 0-01° and calibrated at the N.P.L. to 0-005°. 

The benzene was of the quality previously specified (p. 49); the 
cyclohexane was purified as described by Fairbrother and Balkin 
(loc. cit.). The carbon tetrachloride was a Kahlbaum product which 
still contained a trace of carbon disulphide. This was removed by 
repeated treatment with alcoholic potash as suggested by Schmitz- 
Dumont (Chem.-Zitg., 1897, 21, 510). The product after drying and 
fractionation was free from sulphur compounds. The solvents were 
all subjected to a preliminary drying with phosphoric oxide and 
redistilled in dry apparatus. 

The general arrangement of the apparatus used in the preparation 
and manipulation of the solutions is shown in Fig.2. The apparatus 
was cleaned and dried, and sufficient of the previously dried solvent 
placed, together with phosphoric oxide, in the flask F, where it was 
kept for several days with the taps on the apparatus closed, It was 
then distilled, an electrical heater being used, through an efficient 
fractionating column into the absorption vessel 8S. The column 
served to minimise the risk of phosphoric oxide’ being carried over 
mechanically in the spray. 

Dry hydrogen chloride, from pure sulphuric acid and A.R. 
ammonium chloride, after passage through phosphoric oxide, was 
passed into the solvent in S for a greater or less time, and the solution 
forced into the different portions of the apparatus by application of 
pressure at Z. By an arrangement of taps (not shown), X, Y, and 
Z could, as desired, be placed in connexion with the atmosphere, 
pressure, or suction; Z, in addition, could be placed in connexion 
with an arrangement for the absorption of excess hydrogen chloride. 
No lubricants were used on taps or ground joints where there was a 
risk of its coming into contact with the liquids. 

The solutions used for the density and refractive index measure- 
ments were discarded after use, that from the measuring condenser 
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being sucked back into S and additional solvent distilled into it, if 
necessary, from F. So long as the pressure over the solutions was 
not reduced during manipulation, the loss of hydrogen chloride was 
small, and was chiefly confined to the surface layers of the solutions. 
These were not used, except in the density measurements, where the 
consequent error would be small, and have the least effect on the 
final result. 

The estimation of the composition of the solutions was carried out 
(in duplicate in each case), by running about 20 c.c. from the burette 
B into small, tared, stoppered flasks containing an excess of caustic 
soda solution. The flasks were then re-weighed, gently shaken, 
the solvent carefully evaporated, and the chloride content estimated 
by Volhard’s method. The tip of the burette was kept close to the 
surface of the solution in the flask, below which the hydrogen 
chloride solution was projected in a very fine stream. 

The calculation of polarisation and of the dipole moment of 
molecules dissolved in a non-polar solvent, according to the classical 
theory of Debye, has been frequently described at length in recent 
years (e.g., Debye, loc. cit.; Hunter and Partington, ‘., 1931, 
2062). The results of the dielectric-constant and density measure- 
ments, and the calculated polarisations are given in Table I, in which 
P,, is the molar polarisation of the solution calculated from the 


equation 
P,, = ta! (maf + maf) 
12 € + 9° p 
¢ being the dielectric constant and p the density of the solution, and 
m,, Ms, fy, fo, being respectively the molecular weights and mol.- 
fractions of the solvent and solute : the expression in parentheses is 
therefore the fictitious molecular weight of the solution. 


TABLE I. 
Benzene. cycloHexane. 
Pris P, Pr. P, 
Se wt. p-  (e.e.). (e.¢.). Fa €. p-  (e.c.). (c.c.). 


0-000 2-273 0-8728 26-64 0-000 2-011 0-7733 27-41 — 
0-:0069 2-288 0-8733 26-75 41-9 00039 2-018 0-7737 27-48 44-7 
0-0139 2-303 0-8737 26-86 41-8 0-0101 2-028 0-7740 27-58 43-3 
0-0203 2-317 0-8742 26-93 41-5 . 
0-0222 2321 08743 26-98 41-4 Carbon tetrachloride. 
0-0302 2-339 0-8746 27-11 41-8 0-000 2-225 1-5836 28:17 — 
0-0026 2-232 1-5835 28-23 — 
0-0107 2-247 1-5811 28-33 43-5 
The total polarisation of the solute P, has frequently been com- 
puted by plotting P,, against f, and drawing the tangent to the curve 
at f, = 0, to cut the P-axis at f, = 1. The present values of Pj, 
for benzene—hydrogen chloride, when plotted against f,, yield 
practically a straight line, the equation of which, calculated according 
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to the method of least squares, is P;, = 26-65 + 14-84 f,. This when 
extrapolated to f, = 1 gives P, = 41-5 c.c. 

The range of concentrations, however, is small, especially in 
cyclohexane and carbon tetrachloride, and the alternative procedure 
has also been followed by making the assumption that the molar 
polarisation of the solvent P, is constant over the range of solutions 
and equal to that of the pure solvent—this is probably a very safe 
assumption for the dilute solutions used in the present case; P, is 
then calculated in each case from P,, = f,P, + foP»- 

The total polarisation P, is made up of the three quantities, P. 
the electron polarisation, P, the atomic or vibrational polarisation, 
and P, the orientation polarisation of the electrical doublets. For 
the purpose of calculating P., the refractive indices at the different 
wave-lengths were measured, and the corresponding molar refractivi- 
ties (IV R,) calculated from the Lorentz—Lorenz relation 


— p,—™ —1 ‘mf, + mMofe 
where n is the refractive index at the particular wave-length. The 
results for benzene are given in Table II. 


Tasze II. 
Refractivity of hydrogen chloride in benzene solution. 
A(em. x 108). 





6708. 5893. 5461. 4359. 6708. 5893. 5461. 4359. 
Ts M; (solutions). MR;,(HCl) = P,. 








0-000 1-4924 14977 15018 1-5195 
0-0069 1-4915 1-4966 1-5007 1-5184 
0-0139 1-4912 1-4963 1-5003 1-518] 
0-0210 1-4905 1-4957 1-4997 1-5173 
0-0222 1-4899 1-4953 1-4993 1-5168 
0-0302 1-4893 1-4946 1-4984 1-5159 
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The accuracy of measurement, coupled with the low concentrations 
available is, even in benzene, only sufficient to measure approxim- 
ately the molecular refraction of the dissolved hydrogen chloride, 
and is insufficient to indicate the dispersion. The refractive indices 
of gaseous hydrogen chloride (Cuthbertson, Phil. Trans., A, 1914, 
213, 1) give MRei = 6-57 and MR54:4 = 6-64. The refrac- 
tive indices of the solutions in cyclohexane did not differ from those 
of the pure solvent by more than one unit in the fourth decimal 
place, which is the same as the uncertainty of the measurements. 
The refractive indices for the most concentrated solution in carbon 
tetrachloride were more significant, showing a difference of 5—7 
units in the fourth decimal place, which is still too small to permit 
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of the calculation of the molar refractivity of the solute. No 
figures are therefore given for these refractive indices. 

The value of P, is taken as 1-2 c.c., as calculated by Errera 
(“ Polarisation Diélectrique,”’ 1928) from the temperature coefficient 
of the dielectric constant of the gas as determined by Zahn (loc. cit.) 
and the refractive indices of the gas as given in Landolt—Bérnstein’s 
tables and extrapolated to zero frequency. P, is probably quite 
small, but there is some doubt as to its actual value. As Smyth 
(J. Amer. Chem. Soc., 1929, 51, 2051) has pointed out, P, is generally 
determined as a small difference between relatively large quantities, 
and consequently all the errors of experiment and method are 
accumulated in its value. Van Vleck (Physical Rev., 1927, 30, 31) 
has calculated, from a consideration of the infra-red absorption 
spectrum, that the vibrational polarisation (i.¢., P,) is negligibly 
small for gaseous hydrogen chloride, and attributes to experimental 
error the difference found between the total induced polarisation and 
the extrapolated refraction. 

If, then, for benzene we take P, = 41-5 c.c., P. = 5-9 ¢.c. (from 
the refractive power in benzene), and P, = 1-2 c.c., then the orient- 
ation polarisation P, = P, — (Pe + P,) = 34-4 c.c. and, making 
the substitutions in Debye’s equation, P, = 4xNyu?/9kT' where pv. 
is the electric moment of the molecules, N Avogadro’s constant, 
the Boltzmann gas constant = 1-37 x 10-" ergs, and 7’ the absolute 
temperature, we have u = 1-28, x 10“ es.u. By taking P, = 6-6 
c.c. from the refractivity of the gas, a value of up = 1-27, x 10-% 
e.s.u. is obtained. The difference is less than the error of the 
experiment. Similarly, if for solutions in cyclohexane and carbon 
tetrachloride, we take P, == 44 c.c., P, = 6-6 c.c. (from the refrac- 
tivity of the gas, in the absence of data in solution), and P, = 1-2 
c.c. as before, we obtain » = 1:32 x 107% e.s.u. 

In the solutions in cyclohexane and carbon tetrachloride there is 
an uncertainty in the value of P, of the order of 5%, due chiefly to 
the low solubility of the gas in these solvents and to loss during 
manipulation; the values of P, given are probably somewhat high. 
In the benzene solutions the uncertainty is less. It was found that 
the stronger solutions in benzene and the solutions in the other 
soivents tended to lose hydrogen chloride during the dielectric- 
constant measurements; estimations of the concentration were 
therefore also made in these cases after the measurement. 

Taking these sources of error into consideration, we can say that 
the electric moment of hydrogen chloride in solution in cyclohexane 
and in carbon tetrachloride is not significantly different from its 
value in benzene. 

Zahn (loc. cit.) found a value of 1:034 x 10-4* for the electric 
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moment of gaseous hydrogen chloride, which corresponds to an 
orientation polarisation of 22-24 c.c. according to the present method. 
The difference between this and the figure actually found, which is 
more than 50% greater, is considered to be much too great to be 
attributed to experimental error. 

We must conclude, therefore, that the polarisation of hydrogen 
chloride even in these non-polar solvents is greater than that in the 
gaseous state. This is supported by the fact that a calculation of 
the dielectric constants of such solutions, as carried out by Bell (J., 
1931, 1371) for saturated solutions, presumably on the assumption 
of a polarisation similar to that in the gaseous state, leads to values 
which are below those actually found. In the case of carbon tetra- 
chloride, Bell calculates the dielectric constant of the saturated 
solution to be less than that of the pure solvent, whereas the measure- 
ments show that it is greater. 

In conclusion, I wish to thank Mr. J. Rigg for assistance with the 
purification of the solvents, and Messrs. Imperial Chemical Industries 
Ltd., by means of whose grant to this Department part of the 
apparatus was purchased. 

THE UNIVERSITY, MANCHESTER, [Received, October 7th, 1931.] 





7. Degradation of Quaternary Ammonium Salts. 
Part IV. Relative Migratory Velocities of Substi- 
tuted Benzyl Radicals. 

By THomas THomson and THomas STEVENS STEVENS. 


THE effect of substitution, by Cl, Br, I, NO,, Me, or OMe, in the 
0-, m-, or p-position in the benzyl group, on the velocity of the 
rearrangement (I)-—> (II) has now been examined (compare J., 
1928, 3193; 1930, 2107, 2119). 
Ph-CO-CH,NMe,Br **\ Ph-CO-CH-NMe, 
(I.) CH,Ph CH,Ph — (il) 

As a necessary preliminary, the rearrangement of the unsubsti- 
tuted compound (I) was investigated in some detail. It was found 
that the reaction did not proceed quantitatively, but gave rise to 
some 12—15% of by-product, isolated as a neutral gum from which 
no definite compound could be extracted. In view of this com- 
plication, the course of the rearrangement was followed by direct 
isolation both of (II) as such and of (I) as picrate. The quantity 
k, defined by the equation 


w= bf yd 
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where x and y are the concentrations of (II) and (I) respectively at 
time t, was arbitrarily taken as a measure of the progress of the 
reaction. This is equivalent to the assumptions that the main 
reaction is of the first order with respect to (I) and of zero order with 
respect to the alkali, and that the side reaction is simultaneous with 
the rate-determining stage of the main process. In the absence of 
evidence as to the nature of the side reaction, however, the pro- 
cedure is to be regarded as empirical, and justified as a method of 
comparison by the facts that the values of k found during the reaction 
did, indeed, show satisfactory constancy, and that the ratios of the 
migratory velocities of a series of substituted benzyl radicals were 
the same whether the radicals were associated with phenacyl or with 
p-bromophenacy] in the quaternary salts. 

The reaction was carried out in methyl-, ethyl-, n-propyl-, and 
isopropyl-alcoholic solutions of the corresponding sodium alkoxides, 
with the following general results (compare Table 1). (1) The use of 
two mols. of alkoxide in place of one caused an appreciable, but not 
a proportional, increase in velocity; a third molecule had little 
further effect. (2) The velocity varied with the medium in the 
order MeOH<EtOH<PreOH<Pr’OH. (3) The by-product was 
formed principally in the early stages of the reaction, and its quantity, 
which could be determined only roughly, was largely independent of 
the conditions, in particular, of the dilution. (4) The temperature 
coefficient of the reaction has the high value Q,9- = 5-70 for the 
temperature interval 16-4—37-7°. (5) The quaternary iodide 
corresponding to (I) is rearranged at the same rate as the bromide. 

The inequalities [(2) above] might be attributed either to “‘ medium 
effects,’ or, as the observed order would indeed suggest, to the 
difference in reagent (sodium aikoxide) (compare Kon and Linstead, 
J., 1929, 1271). The second alternative is, however, improbable, 
for the reaction velocity showed comparatively little dependence on, 
still less proportionality to, the alkoxide concentration, even for 
the less effective reagent sodium methoxide. Moreover, although 
salt formation, presumably at the ‘reactive’ methylene group, 
actually takes place, the process is rapid and extensive, since the 
quaternary salt neutralised 0-5—0-75 equiv. of sodium ethoxide on 
titration with thymolphthalein as indicator. That the reaction is 
indeed sensitive to change of medium was shown by replacing 60% 
of the methyl or ethyl alcohol as solvent by toluene, whereupon the 
velocity was increased 2-7- and 2-3-fold respectively : on the other 
hand, the disparity in effectiveness between the two reagents was 
but little diminished. An effective study of this point was hindered 
by the paucity of media in which sodium alkoxides dissolve 
unchanged. 
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TABLE [. 
Concentration (N). Coefficients k . 104 in 
| ca cme va ~ 
Salt. Alkoxide. MeOH. EtOH. PreOH. PréOH. 
0-10 0-10 33-0 99 111 242 
0-05 0-05 32-0 106 112 254 
0-05 0-10 41-9 107 126 288 
0-05 0-15 44-9 so _ ~ = 
0-025 0-05 41-9 — —_ —_ 


Measurements were also made in aqueous sodium hydroxide 
solution. Here the (much smaller) initial velocities were nearly 
proportional to the alkali concentrations, as well as to those of the 
quaternary salt; and as the reaction proceeded, the values of k fell 
off, but not in such a way as to suggest an essentially “ bimolecular ” 
process. 

Effect of Substitution —The measurements summarised in Table IT 
were carried out in methyl-alcoholic solutions 0-05N with respect 
to the salts and 0-1N with respect to sodium methoxide. Two of 
the salts were studied as iodides instead of bromides, since the latter 
could not be crystallised, and in two cases the p-bromophenacyl 
radical was used in place of phenacyl, for the same reason. The 
validity of the first expedient has been tested by the experiments, 
already mentioned, on phenacylbenzyldimethylammonium iodide ; 
the checks on the second are recorded in the table itself. Owing to 
the wide range of velocities, several measurements were made at 
16-4°, and the others at 37-7°. _»-Bromophenacylbenzyldimethyl- 
ammonium bromide was studied at both temperatures, and showed 
the temperature coefficient Q,)- = 5-61, compared with 5-70 for the 
unsubstituted compound; the two values for m-nitrobenzyl 
(Table II) may also be cited. 








TABLE II. 
Substituent in benzyl group. © 
ci. eos E NO,. OMe. Me. 
o- 35-6 47-7 81 704g +1-91 *15-3 
. 2-09 } 95 3-80 } , . 
2-77 2-86 ) ‘ : ; 
p- $2.58 } $2.68 f 3°25 73 0-76 1-06 


* Measured as phenacyldimethylammonium iodide. 
+ Measured as p-bromophenacyldimethylammonium bromide. 
The figure recorded in Table II is in each case the ratio of the 
speed of migration of the substituted benzyl radical to unsubstituted 
benzyl under the same conditions; the italicised values refer to 
measurements at 16-4°, the others to 37-7°._ The errors of manipul- 
ation probably do not exceed + 2%, but the existence of the side 
reaction introduces an uncertainty which is difficult to assess, and 
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may be considerably greater than this. The amount of by-product 
formed is very similar for those salts which do not contain either 
a nitro-substituted benzyl or a p-bromophenacy] radical. The 
presence of these radicals usually increases the extent of the side 
reaction, but when the same substituted benzyl radical is investig- 
ated in combination both with phenacyl and with p-bromophenacy], 
the two values for the relative migratory velocity are in reasonably 
good agreement. 

Attention is drawn to the following points. (1) The order 
OMe< Me<Hals.<NO, holds for all three positions (the inequality 
m-OMe<m-Me is not established). (2) In the o-series the halogens 
fall in the order Cl<Br<I (compare Ingold, Ann. Reports, 1927, 
24, 156). This order, at least as regards Cl and I, appears to be 
retained in the p-, but reversed in the m-position. (3) The com- 
pounds of the o-series show the same arrangement among themselves 
qualitatively, and to some extent quantitatively, as the p-compounds, 
but with greatly increased velocity of rearrangement (except in the 
case of OMe). (4) For each substituent the m- and p-values are of 
the same order of magnitude, except that (5) p-nitrobenzyl migrates 
far more rapidly than m-nitrobenzyl. 

The series (1) is of common occurrence, and could be accom- 
modated on most theories relating to reactivities of organic molecules 
in general, and on several hypotheses as to the mechanism of the 
present rearrangement. It constitutes, however, an exception to 
the generalisation of von Braun, Kiihn, and Weismantel (Annalen, 
1926, 449, 252), that, although the behaviour of radicals attached to 
carbon is less simple, those attached to nitrogen show a specific 
tenacity nearly independent of the nature of the molecule in which 
they are contained. In the present investigation, the normal 
“ tenacity series ”’ is roughly reversed. 

If it be justifiable to correlate exaggerated “ alternate ”’ effects in 
conjugated systems with the structural possibility of the stabilis- 
ation of the end-product (or an essential intermediate) by a tauto- 
meric rearrangement, then the observation (5) is evidence in favour 
of such a mechanism as (A) below, as against that proposed by 
Bennett and Chapman (Ann. Reports, 1930, 27, 123), which may be 
crudely represented by (B) 


7 Ph:CO-CH=NMe,| —_-Ph-CO-CH-NMe, 


we) prod = | ——— (A) 
Ph-CO-GH-NMe, CH,Ph CH,Ph 
with Ph-CO-CH—NMe, Ph-CO-CH-NMe, 
SoA — (B) 


CH,Ph CH,Ph 
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The materials were prepared by methods analogous to those 
described in Parts II and III. The various sets of isomerides show 
unusual behaviour as to melting points, in that the p-compound is 
more frequently the lowest- than the highest-melting of the three. 
No general regularities have, however, been recognised. 

A sample of s.-p-xylylenebis-p-bromophenacyltetramethyldiam- 
monium dibromide (III) happened to be available, and it was 
found that treatment with alkali caused a double migration, resulting 
in (IV). The m-xylylene analogue was also prepared, and behaved 
in a similar manner. 


(III) (C,H,Br-CO-CH,:NMe,Br-CH,),C.H, 
(IV.) [C,H,Br-CO-CH(NMe,)-CH,],C,H, 


EXPERIMENTAL. 

Technique of Measurements.—The volumetric process described 
in Part II depends on the assumption that the reaction proceeds 
substantially quantitatively, without the formation of by-products, 
and a fresh method had therefore to be devised, allowing the estim- 
ation both of rearrangement product and of unaltered quaternary 
salt. After numerous unsuccessful attempts to achieve this object 
by titration, the following gravimetric procedure was adopted. 

The reaction was carried out in a flask (frequently 15 c.c.) filled 
to the neck by the solution under investigation (to prevent atmo- 
spheric oxidation of the rearrangement product; itis not, however, 
necessary to use boiled-out reagents), and the process effectively 
checked by pouring into water (40 c.c.) containing ammonium 
chloride equivalent to the alkali originally used. The product (II) 
was extracted with ether (3 x 20c.c.), and the united extracts were 
washed once with water. The aqueous layer and washings were 
acidified with acetic acid, warmed to 30—40°, freed from ether by a 
current of air, and treated gradually with 0-2N-sodium picrate 
solution (2 c.c. excess; larger quantities of sodium picrate or of 
ammonium chloride may cause separation of ammonium picrate). 
The precipitate of quaternary picrate crystallised readily on scratch- 
ing; after remaining over-night it was collected and dried at 100°. 
The tertiary base was extracted from the ethereal solution by 
hydrochloric acid (3 x 10 c.c. of 0-1N); and the acid solution 
heated on the water-bath to expel ether, cooled in ice, and treated 
with ammonia; the precipitated base then crystallised readily on 
agitation. After some hours it was collected and brought to con- 
stant weight in a current of dry air. 

On the basis of control experiments with known quantities of 
material, the manipulatory losses were estimated at 5 mg. for the 
tertiary base, and for the picrate, 1 mg. + (1 mg. per 5 c.c. of 
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alcohol used). These corrections raise the reaction coefficients by 
some 4%. 

The tertiary base is little affected by caustic alkali in the absence 
of air, or by air in the absence of caustic alkali. The quaternary 
compound is not extracted from its aqueous solutions by ether, nor 
is it affected by 0-1N-ammonia in several days at room temperature. 

The alcohols used were lime-dried and distilled over sodium. 
With ethyl and isopropyl alcohols, results some 15% lower were 
obtained in different specimens; the recorded figures all relate to 
the same sample. No such behaviour was observed with methyl 
alcohol. 

The measurements on the substituted salts were carried out in the 
same manner, and it was considered sufficiently accurate to use 
the same corrections for manipulatory losses. In one or two cases 
in which the quaternary picrate showed a tendency to separate out 
in an oily condition, the sodium picrate was added dropwise to the 
hot solution of the quaternary salt. 

Results.—The data for phenacylbenzyldimethylammonium brom- 
ide (0-50N) in sodium methoxide (0-1N) at 16-4° are given in full 
asa specimen. The definite integral in the expression for k (p. 55) 
is evaluated by Simpson’s rules; 2 and y are expressed in mols.%, 
on the initial material, and ¢ in minutes. 


G  cisdededascicvccsebesive 2880 5760 8640 11,520 14,400 
Bi ecsireisrvoccdcessoovecs 24-5 41-8 54-0 63-6 69-4 
HF insopeererrcccvecsceccose 68-1 48-8 35-4 26-7 19-6 
DPE. DOT -anestaccapacece 1-02 1-03 1-03 1-04 1-02 


Phenacylbenzyldimethylammonium bromide at 37-7°. 


Cone. 

Medium. of salt, N. b, %. k. 104, 
0-10N-NaOMe 0-10 9 33-0 + 0-6 
0-05N-NaOMe 0-05 12 32-0 + 0-5 
0-10N-NaOMe 0-05 13 41-9 + 0-4 
0-15N-NaOMe 0-05 12 44-9 + 1-0 
0-05N-NaOMe 0-025 14 41-9 + 1-1 

*0-10N-NaOMe 0-05 14 41-5 + 0-1 
0-10N-NaOEt 0-10 8 99 + 2 
0-05N-NaOEt 0-05 9 106 + 2 
0-10N-NaOEt 0-05 9 107 + 2 
0-10N-NaOPre 0-10 9 lll+1 
0-05N-NaOPre 0-05 13 112 +1 
0-10N-NaOPre« 0-05 12 126+ 1 
0-10N-NaOPrf 0-10 7 242 +4 
0-05N-NaOPr8 0-05 Ss 254 + 8 
0-10N-NaOPr8 0-05 Ss 288 + 2 

+0-05N-NaOMe 0-05 12 87 + 2 

+0-05N-NaOEt 0-05 ll 240 +4 

0-10N-NaOH 0-10 ll 2:53 — 2°33 
0-05N-NaOH 0-05 12 1-40 — 1-18 
0-10N-NaOH 0-05 9 2-77 — 2-60 


* Phenacylbenzyldimethylammonium iodide. 
+ Medium : alcohol—toluene, 2:3 by wt. 
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The values in the column headed 6 are the percentages of by- 
product formed (estimated by difference) when 60% of the initial 
material has disappeared; very little is produced subsequently. 
To indicate the degree of consistency of the results, the mean 
deviations from the average are annexed to the & values. On an 
average, five determinations were made in each case. 

The measurements in aqueous sodium hydroxide were carried out 
with greater quantities of material, and the manipulatory errors 
were smaller. In each case the coefficients fell off steadily as the 
reaction proceeded. 


Substituted quaternary salts at 37-7°. 


Substituent. 6, %. k. 10*. Substituent. 06, %. k. 104. 
m-Cl 13 102 +- 1-5 p-I 12 136 +. 2 
f p-Cl 9 116°5 + 1-5 tm-NO, 24 128 +2 
Ltp-Cl 22 86-8 + 0-5 m-OMe 15 38-9 + 03 
m-Br 12 87°7 + 1-1 p-OMe 13 31-8 +. 0-7 
{ tm. Br 17 70-5 +. 0-3 *m-Me 15 40-2 + 1-0 
p-Br 10 120 + 2 tp-Me 21 35-6 +- 0-8 
tp-Br 22 90-1 — 0-8 +(H) 14 33-6 + 0-3 
m-I 14 80-3 + 0-5 
Substituted quaternary salts at 16-4°. 
o-Cl 10 36-7 + 0-5 p-NO, 25 75:3 + 0-5 
o-Br 12 49-1 + 0-7 to-OMe 14 1-63 +. 0-01 
o-I 13 83-0 + 1:3 *o-Me 13 15°8 + 0-5 
o-NO, 16 1070 + 20 +(H) 14 0-854 + 0-012 
m-NO, 20 3-92 + 0-08 


* Measured as phenacyldimethylammonium iodide. 
+ Measured as p-bromophenacyldimethylammonium bromide. 


Preparation and Characterisation of Materials.—Phenacylbenzyl- 
dimethylammonium picrate formed deep yellow needles or stout 
laminz from methyl alcohol, m. p. 132—134° (Found : C,H,O,N,’, 
47:3. C,,H,,ON-C,H,O,N, requires C,H,O,N,’, 47:3%). The 
iodide crystallised from water in colourless, sparingly soluble prisms, 
m. p. 174—176° (Found: I, 33-4. C,,H,,ONI requires I, 33-3%). 
The crystalline ferrocyanide and the amorphous mercuri-iodide and 
the bismuthi-iodide are highly insoluble, but of inconstant com- 
position. 

o-Chlorobenzyldimethylamine.—o-Chlorobenzyl bromide was con- 
veniently prepared by brominating o-chlorotoluene with undiluted 
bromine; the reaction, which set in spontaneously, was completed 
by heating under reflux, and the product isolated by distillation in 
a vacuum. Conversion into the tertiary base by the hexamine 
method (Sommelet and Guioth, Compt. rend., 1922, 174, 687) gave a 
moderate yield, together with a considerable quantity of o-chloro- 
benzaldehyde (oxime, m. p. 76°). o-Chlorobenzyldimethylamine 
picrate was isolated in the first place from ether and recrystallised 
from aqueous methyl alcohol, m. p. 145—146° (von Braun, Kiihn, 
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and Weismantel, loc. cit., give m. p. 146°). Phenacyl-o-chlorobenzyl- 
dimethylammonium bromide, formed fairly rapidly from chloro- 
benzyldimethylamine and bromoacetophenone in cold benzene 
solution, separated as an oil which gradually solidified. It crystal- 
lised from alcohol-ether in minute prismatic needles, m. p. 149— 
150° (Found: Br, 20-4, 20:3. C,,H,,ONCIBr,H,O requires Br, 
207%). An attempt to dehydrate the salt at 105—110° led to 
decomposition. The picrate, fine, glistening, yellow needles from 
methyl alcohol, melted at 154—156° (Found: C,H,O,N,’, 446. 
C,,H,,ONCI-C,H,O,N, requires C,H,O,N,’, 44-1%). 
«-Dimethylamino-w-o-chlorobenzylacetophenone, obtained by the 
degradation of the quaternary salt, formed long, prismatic needles 
from methyl alcohol, m. p. 69—71° (Found; Cl, 12-5. C,,H,,ONCI 
requires Cl, 12-3%). 
m-Chlorobenzyldimethylamine.—m-Chlorobenzyl bromide was pre 
pared by brominating m-chlorotoluene with undiluted bromine at 
130°, the bromine being added, dropwise, under the surface of the 
liquid. The resultant liquid was kept in an evacuated desiccator 
over potassium hydroxide until free from hydrobromic acid, dried 
with anhydrous. sodium sulphate, and distilled in a vacuum, the 
m-chlorobenzyl bromide being isolated as an oil, b. p. 108—111°/10 
mm. Conversion into the tertiary base by the hexamine method 
gave a fair yield. m-Chlorobenzyldimethylamine picrate was isolated 
in the first instance from aqueous methyl] alcohol, and crystallised 
from benzene in aggregates of minute yellow prisms, m. p. 128—130° 
(Found ; C,H;0,N;, 58-0. C,H,,NCI,C,H,O,N, requires C,H,0,N,, 
57-56%). Phenacyl-m-chlorobenzyldimethylammonium bromide, pre- 
pared from the components in cold benzene, separated as an oil 
which slowly solidified, and crystallised from alcohol-ether in warty 
masses of minute prisms, m. p. 132—134° (Found: Br, 21-9%). 
The picrate, fine yellow needles from methyl alcohol, melted at 
141—143° (decomp.) (Found: C,H,O,N,’, 43-7%). «-Dimethyl- 
amino-w-m-chlorobenzylacetophenone formed minute, short prisms 
from methyl alcohol, m. p. 52—53° (Found : Cl, 12-4%). 
p-Chlorobenzyldimethylamine.—p-Chlorobenzyl bromide was pre- 
pared as for the ortho-compound, except that the solid reaction 
product was not distilled, but was recrystallised from methyl alcohol, 
and obtained in colourless needles, m. p. 62—63°. Conversion into 
the tertiary base by the hexamine method gave a very good yield. 
p-Chlorobenzyldimethylamine picrate was isolated in the first place 
from ether; it crystallised from acetone-ether in stout, yellow 
prisms, m. p. 125—126° (Found: C,H,0,N,, 57-7%). Phenacyl- 
p-chlorobenzyldimethylammonium bromide, prepared from the com- 
ponents in cold benzene, separated as a colourless crystalline solid, 











zyl- 
oro- 
ene 


~- s&s 


» oe oO 2a 














QUATERNARY AMMONIUM SALTS. PART IV. 63 


and crystallised from alcohol-ether in short prisms, m. p. 186—187° 
(decomp.) (Found: Br, 21-7%). The picrate, yellow prismatic 
needles from methyl alcohol, melted at 125—126° (Found: 
0,H,O,N,', 440%). «-Dimethylamino-w-p-chlorobenzylacetophenone 
formed fine needles from methyl alcohol, m. p. 59—61° (Found : 
Cl, 12-0%). 

o-Bromobenzyldimethylamine.—o-Bromobenzyl bromide was pre- 
pared as for the o-chloro-compound, and gave the tertiary base in 
good yield by the hexamine method. o-Bromobenzyldimethylamine 
picrate, obtained in the first instance from ether, crystallised from 
aqueous methyl alcohol in small, bright yellow prisms, m. p. 149— 
150° (Found: C,H,0,N,, 51-5. C,H,.NBr,CgH,O,N, requires 
C,H,0,Ns;, 51-7%). 

Phenacyl-o-bromobenzyldimethylammonium bromide, prepared from 
the components in cold benzene, separated as a crystalline solid, 
and crystallised from alcohol-ether in minute prismatic needles, 
m. p. 153—154° (Found: ionisable Br, 18-2, 18-6; loss at 100°, 
4-3. C,,H,,ONBr-Br’,H,O requires Br’, 18-6; loss, 4:2%). The 
picrate, fine, glistening yellow needles, from methyl alcohol, melted 
at 151—153° (Found: C,H,O,N,’, 41:0. C,,H,,ONBr-C,H,O,N, 
requires C,H,O,N,’, 406%). 

«-Dimethylamino-w-o-bromobenzylacetophenone formed fine needles 
from methyl alcohol, m. p. 79—81° (Found : Br, 23-8. C,,H,,ONBr 
requires Br, 24-1%). 

Phenacyl-m-bromobenzyldimethylammonium bromide was pre- 
pared as described in Part II (loc. cit.). The picrate formed yellow 
prismatic needles from methyl alcohol, m. p. 132—134° (Found : 
©,H,0,N,', 410%). 

Phenacyl-p-bromobenzyldimethylammonium bromide was pre- 
pared as described in Part III (J., 1930, 2122). The picrate formed 
fine, yellow, prismatic needles from methyl alcohol, m. p. 130—131° 
(Found : C,H,O,N,', 40-8%). 

The Isomeric Iodobenzyldimethylamines.—The preparation of the 
isomeric iodobenzyl bromides was attempted as described by Olivier 
(Rec. trav. chim., 1923, 42, 519), «.e., by the bromination of the 
corresponding iodotoluenes, the ortho-compound at 200—205°, the 
meta- at 200°, and the para- at 150—155°, but the yields were 
unsatisfactory. Good yields were obtained, however, by carrying 
out the bromination in the light of a carbon arc lamp (silica flask), 
in carbon tetrachloride solution at the boiling point. For example, 
0-iodotoluene (20 g.), carbon tetrachloride (80 c.c.), and water (40 
¢.c.) were refluxed during the dropwise addition of bromine (5-5 c.c. 
in 20 c.c. of carbon tetrachloride) and until decolorisation took place. 
The carbon tetrachloride layer was dried, the solvent distilled off, 
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and the residue crystallised from methyl alcohol. The yields of 
bromides obtained were 74°, for the ortho-compound, 78% for the 
meta-, and 74% for the para-. The bromides were converted into 
the tertiary bases by the hexamine method. o0-Jodobenzyldimethyl- 
amine picrate was obtained in the first instance from ether, and 
crystallised from aqueous methyl alcohol in aggregates of minute 
yellow prisms, m. p. 134—136° (Found: ©,H,0,N;, 46-2. 
CyH,,.NI,C,H,0,N, requires C,H,0,N;, 46°7%). m-Lodobenzyldi- 
methylamine picrate was obtained in the first place from ether, and 
crystallised from benzene in spherical aggregates of minute yellow 
prisms, m. p. 128—130° (Found: C,H,0,N;, 466%). p-lodo- 
benzyldimethylamine was identified as the picrate, m. p. 146—148° 
(von Braun, Kiihn, and Weismantel, loc. cit., give m. p. 148°). 
Phenacyl-o-iodobenzyldimethylammonium bromide, prepared from 
the components in cold benzene, separated as an oil which solidified 
rapidly, and crystallised from alcohol-ether in minute, prismatic 
needles, m. p. 174—176° (Found : Br, 17:2. C©,,H,gONBrI requires 
Br, 17-4%). The picrate, fine, yellow needles from methyl alcohol, 
melted at 149—151° (Found: C,H,O,N,’, 37-3. C,,H,gONI-C,H,O,N, 
requires C,H,O,N,', 37-5%). «-Dimethylamino-w-o-iodobenzylaceto- 
phenone formed rectangular prisms from methyl alcohol, m. p. 
97—98° (Found : I, 33-8. C,,H,,ONI requires I, 33-5%). 
Phenacyl-m-iodobenzyldimethylammonium bromide, prepared from 
the components in cold benzene, separated as an oil which gradually 
solidified, and crystallised from alcohol—-ether in rosettes of stout 
prismatic needles, m. p. 176—177° (slight decomp.) (Found: Br, 
17-6%). The picrate, rosettes of stout, yellow prisms from acetone, 
melted at 123—125° (Found: C,H,O,N,’, 38-0%). «-Dimethyl- 
amino-w-m-iodobenzylacetophenone formed rosettes of fine, very 
faintly yellow needles, m. p. 82—83° (Found : I, 33-4%). 
Phenacyl-p-iodobenzyldimethylammonium bromide, prepared from 
the components in cold benzene, separated as an oil which solidified 
quite rapidly, and crystallised from alcohol-ether in minute, cubical 
crystals, m. p. 183—185° (Found : ionisable Br, 16-4, 16-8; loss at 
105°, 3:7. C,,H,gONIBr,H,O requires Br, 16-7; loss, 3-8%). The 
picrate formed minute, yellow priswis from methyl alcohol, m. p. 
139—141° (Found: C,H,O,N,’, 37:2%). «-Dimethylamino-w-p-iodo- 
benzylacetophenone formed stout, prismatic needles from methy] 
alcohol, m. p. 67—68° (Found : I, 33-3%). 
o-Nitrobenzyldimethylamine.—o-Nitrobenzyl bromide was con- 
veniently prevared by brominating o-nitrotoluene in carbon tetra- 
chloride solut:on in the light from an arc lamp, as described above 
for the preparation of the iodobenzyl bromides. Conversion to the 
tertiary base was accomplished by the action of dimethylamine 
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(compare Part III, p. 2122). The picrate formed clusters of short, 
yellow prisms from acetone-ligroin, m. p. 138—141° (Found: 
C,H,0,Ns, 55-7. C,H,,0,N,,C,H,0,N, requires C,H,0,Nz, 56-0%). 
Phenacyl-o-nitrobenzyldimethylammonium bromide, prepared from the 
components in cold benzene, separated as an oil which gradually 
solidified, and crystallised from alcohol-ether in minute prisms, m. p. 
142—-144° (Found: Br, 20-8. C,,H,,O,N,Br requires Br, 21-1%). 
The picrate, minute, yellow, prismatic needles from methyl 
alcohol, melted at 155—158° (Found: OC,H,O,N,’, 43-0. 
C,,H,,0,N."C,H,O,N, requires C,H,O,N,’, 43-39%). «-Dimethyl- 
amino-w-o-nitrobenzylacetophenone formed clusters of light yellow 
stout prisms from methyl alcohol, m. p. 75—77° (Found: N, 9-7. 
C,7H,,0,N, requires N, 9-4%). 
m-Nitrobenzyldimethylamine.—m-Nitrobenzyl bromide was pre- 
pared by converting m-nitrobenzaldehyde into the alcohol (Becker, 
Ber., 1882, 15, 2090), and treating the latter in benzene solution 
with hydrogen bromide. The bromide was converted into the 
tertiary base by the hexamine method. The picrate formed yellow 
rectangular prisms from acetone, m. p. 209—211° (decomp.) (Found : 
C.H,0,N;, 565%). Phenacyl-m-nitrobenzyldimethylammonium 
bromide, prepared from m-nitrobenzyldimethylamine and w-bromo- 
acetophenone in cold benzene, crystallised from alcohol-ether in 
minute prismatic needles, m. p. 174—175° (Found: Br, 20-7%). 
The picrate formed minute, yellow, prismatic needles from methyl 
alcohol, m. p. 154—156° (Found : C,H,0,N,’, 43-6%). «-Dimethyl- 
amino-w-m-nitrobenzylacetophenone formed long, fine, straw-coloured 
needles from methyl alcohol, m. p. 70—72° (Found : N, 93%). 

Phenacyl-p-nitrobenzyldimethylammonium bromide was prepared 
as described in Part III (p. 2123). The picrate formed fine, yellow 
needles from methyl alcohol, m. p. 110—113° (Found: C,H,0,N,’, 
43-7%). 

o- Methoxybenzyldimethylamine.—Salicylaldehyde was methylated 
as described by Sidgwick and Bayliss (J., 1930, 2028). o-Methoxy- 
benzaldoxime was reduced as described for the p-isomeride (Part 
III, p. 2112). The o-methoxybenzylamine hydrochloride formed 
fine glistening plates, m. p. 149—150° (Goldschmidt and Ernst, 
Ber., 1890, 23, 2742, give m. p. 150°). o-Methoxybenzyldimethyl- 
amine was obtained by the Eschweiler methylation of the primary 
base, and identified as hydrochloride, m. p. 149° (compare Stedman, 
J., 1927, 1904). With w-bromoacetophenone in benzene, the tertiary 
base gave a yellow, viscous oil which could not be induced to crystal- 
lise. However, p-bromophenacyl-o-methoxybenzyldimethylammonium 
bromide was prepared from o-methoxybenzyldimethylamine and 
wp-dibromoacetophenone in cold benzene, and separated as an oily 
D 
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solid, crystallising from alcohol-ether in minute, prismatic needles, 
m. p. 173—176° (Found: ionisable Br, 17-9. C,,H,,O.NBr-Br’ 
requires Br’, 18-1%). The picrate formed minute, yellow prisms from 
acetone-ligroin, m. p. 116—119° (Found: C,H,O,N,’, 38:9. 
C,,H,,O,NBr-C,H,O,N, requires C,H,O,N,’, 386%). p-Bromo- 
«-dimethylamino-w-o-methoxybenzylacetophenone formed minute 
prisms from methyl alcohol, m. p. 82—83° (Found: Br, 21:8. 
C,,H..0,NBr requires Br, 22-1%). 

m-Methoxybenzyldimethylamine was prepared from m-hydroxy- 
benzaldehyde in an analogous manner to the foregoing ortho-com- 
pound, and was identified as hydrochloride (compare Stedman, 
loc. cit.). Phenacyl-m-methoxybenzyldimethylammonium bromide, 
prepared from the components in cold benzene, separated as an oil 
which slowly solidified, and crystallised from alcohol-ether in short, 
stout prisms, m. p. 1560—152° (Found: Br, 21-6; C,gH,,O,NBr 
requires Br, 22-0%). The picrate, stout, yellow prisms from methyl 
alcohol, melted at 111—112° (Found: ©,H,O,N,’, 44:2. 
C,,H,.0,N-C,H,O,N, requires C,H,O,N,', 44-5%). 

«-Dimethylamino-w-m-methorybenzylacetophenone, glistening plates 
from methyl alcohol, melted at 61—63° (Found : N, 5-04. C,,H,,0,N 
requires N, 495%). 

o-Methylbenzyldimethylamine.—o-Xylyl bromide was conveniently 
prepared by bromination of o-xylene as described by Atkinson 
and Thorpe (J., 1907, 91, 1695). Conversion into the tertiary 
base was accomplished by the hexamine method. o-Methylbenzyldi- 
methylamine picrate formed aggregates of minute yellow prisms 
from benzene, m. p. 148—150° (Found: C,H,0,;N;, 60-2. 
Ci 9H,;N,C,H,O,N, requires C,H,0,Nz;, 60-6°%). Phenacyl-o-methyl- 
benzyldimethylammonium bromide, prepared from the components 
in cold benzene, separated as a dark oil which could not be induced 
to crystallise. Conversion into the iodide resulted in a gummy 
product which, after many attempts, was obtained crystalline from 
aqueous acetone in the form of minute prisms, m. p. 160—162° 
(decomp.) (Found: I, 32-3. C,gH,,ONI requires I, 32:2%). The 
picrate formed deep yellow, short prisms from methyl alcohol, 
m. p. 131—133° (Found: C,H,O,N,', 46-5. C,gH,.ON-C,H,O,N, 
requires C,H,O,N,’, 46-0%). 

«-Dimethylamino-w-o-methylbenzylacetophenone formed _ minute 
prisms from methyl alcohol, m. p. 62—63° (Found: WN, 5-45. 
C,,H,,ON requires N, 5-24%). 

m-Methylbenzyldimethylamine.—m-Xylyl bromide, prepared as for 
the o-isomeride, was converted into the tertiary base by the hexamine 
method. m-Methylbenzyldimethylamine picrate formed aggregates 
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of minute yellow prisms from benzene, m. p. 136—138° (Found ; 
C,H,0,N3, 60-3%). Phenacyl-m-methylbenzyldimethylammonium 
bromide, prepared from the components in cold benzene, separated 
as a dark oil which could not be induced to crystallise. It was 
converted into a viscous iodide, which, after many attempts in a 
variety of solvents, was crystallised from aqueous methyl alcohol 
in clusters of minute prisms, m. p. 134—135° (decomp.) (Found : 
I, 320%). «-Dimethylamino-w-m-methylbenzylacetophenone formed 
rosettes of faintly yellow, short prisms from methyl alcohol, m. p, 
74—76° (Found: N, 5-32%). 

Tetramethyl-m-axylylenediamine.—m-Xylylene dibromide, obtained 
along with m-xylyl bromide in the bromination of m-xylene, was 
treated with dimethylamine (4—6 mols.) in alcoholic solution. After 
remaining for 12 hours, the mixture was heated for 2 hours on the 
water-bath, concentrated, diluted with water, and extracted with 
benzene. On treatment with picric acid the benzene extract yielded 
tetramethyl-m-xylylenediamine vpicrate, which crystallised from 
acetone-ligroin in masses of minute, yellow prisms, m. p. 190—193° 
(decomp.) (Found: C,H,O,N;, 71-0. CH N,,2C,H,0,N, 
requires C,H,0,Ng, 70-5%). 

s.-m-X ylylenebis-p-bromophenacyltetramethyldiammonium dibrom- 
ide, prepared from the foregoing diamine and p-bromophenacyl 
bromide in cold benzene, formed minute prisms from alcohol-ether, 
m. p. 205—206° (Found: ionisable Br, 21-2. C,,H;,0,N,Br, 
requires 2Br, 21-4%). 

4:4’ - Dibromo-w : «’ - bisdimethylamino-w : w’ - m-xylylenebisaceto- 
phenone.—The foregoing bromide was heated on the water-bath for 
15 minutes with excess sodium hydroxide solution, and the product 
recrystallised from methyl alcohol, giving fine, pale yellow needles, 
m. p. 143—144° (Found: Br, 27-1. C,gH3,0,N,Br,. requires Br, 
27-°3%). 

p-Methylbenzyldimethylamine.—Bromination of p-xylene by the 
method of Atkinson and Thorpe (Joc. cit.) led to a mixture of p-xylyl 
bromide and p-xylylene dibromide, which could only be separated 
from each other with difficulty on the small scale. Crude p-xylyl 
bromide was treated with dimethylamine (2—3 mols.) in alcoholic 
solution, and the reaction mixture worked up in the usual way. On 
treatment with picric acid, the benzene layer yielded the picrate of 
tetramethyl-p-xylylenediamine, and the aqueous layer gave glisten- 
ing, yellow plates of di-p-methylbenzyldimethylammonium picrate. 
The latter was converted into the quaternary chloride, and heated 
with dimethylamine (3 mols.) at 200° for 3 hours, The reaction 
mixture was basified, extracted with ether, and the p-methylbenzyl- 
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dimethylamine isolated by distillation, b. p. 196—199°. Neither 
the phenacylobromide nor the corresponding iodide could be obtained 
in crystalline condition. 

p-Bromophenacyl-p-methylbenzyldimethylammonium bromide, pre- 
pared from the components in cold benzene, formed rosettes of 
minute prismatic needles, m. p. 174—176° (decomp.) (Found: 
ionisable Br, 18-7. C,,H,,ONBr-Br’ requires Br’, 18-7%). The 
picrate formed clusters of fine yellow needles from methyl 
alcohol, m. p. 128—130° (decomp.) (Found: C,H,O,N,’, 40:1. 
C,,H,,ONBr-C,H,O,N, requires C,H,O,N,’, 39-7%). p-Bromo- 
w-dimethylamino-w-p-methylbenzylacetophenone formed fine needles 
from methyl alcohol, m. p. 91—93° (Found : Br, 23-4. C,,H,,ONBr 
requires Br, 23-1%). 

s.-p-X ylylenebis-p-bromophenacyltetramethyldiammonium dibromide, 
prepared from tetramethyl-p-xylylenediamine and p-bromophen- 
acyl bromide in cold benzene, formed minute prismatic needles from 
alcohol-ether, m. p. 220—222° (decomp.) (Found: ionisable Br, 
21-7%). 

4:4’ - Dibromo - w : a’ - bisdimethylamino - w : «’ - p - xylylenebisaceio- 
phenone.—The foregoing bromide was heated on the water-bath 
with excess sodium hydroxide solution for 10 minutes, and the 
product recrystallised from methyl alcohol, giving minute, faintly 
yellow prisms, m. p. 138—140° (Found: Br, 27-0%). 

p-Bromophenacylbenzyldimethylammonium bromide was pre- 
pared as described in Part IL (J., 1930, 2116). The picrate formed 
glistening, yellow prisms from methyl alcohol, m. p. 159—160° 
(Found: C,H,O,N,’, 40-4. C,,H,ONBr-C,H,O,N, requires 
C,H,O0,N,’, 40-6%). 

p-Bromophenacyl-p-chlorobenzyldimethylammonium bromide, pre- 
pared from p-bromophenacyl bromide and _ p-chlorobenzyldi- 
methylamine in cold benzene, formed rosettes of minute, needle- 
shaped prisms, m. p. 174—175° (Found: ionisable Br, 18-2. 
C,,H,,ONCIBr-Br’ requires Br’, 17-99%). The picrate formed yellow, 
lustrous, prismatic needles from methyl alcohol, m. p. 146—147° 
(decomp.) (Found: C,H,O,N,’, 38-4. C,,H,,ONCIBr-C,H,O-.N, 
requires C,H,0,N,’, 38-3%). 

p-Bromo-w-dimethylamino-w-p-chlorobenzylacetophenone formed 
fine, very faintly yellow, prismatic needles from methyl alcohol, 
m. p. 75—76° (0-1210 gave 0-1086 AgCl + AgBr. C,,H,,ONCIBr 
requires 0-1094). 

p-Bromophenacyl-p-bromobenzyldimethylammonium bromide, pre- 
pared from p-bromophenacyl bromide and p-bromobenzyldimethy]- 
amine in cold benzene, formed minute prismatic needles from 
alcohol-ether, m. p. 187—188° (decomp.) (Found: ionisable Br, 
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16-6. C,,H,,ONBr, requires 1Br, 16:3%). The picrate formed 
short, stout, yellow prisms from acetone, m. p. 157—158° 
(decomp. gradually above 128°) (Found: C,H,O,N,’, 35-2. 
C,,H,,ONBr,-C,H,O,N, requires C,H,O,N,’, 35-6%). p-Bromo- 
w-dimethylamino-w-p-bromobenzylacetophenone formed rosettes of 
fine, pale yellow needles from methyl alcohol, m. p. 77—78° (Found : 
Br, 38-6. C,,H,,ONBr, requires Br, 38°9%). 

p-Bromophenacyl-m-bromobenzyldimethylammonium bromide, pre- 
pared from p-bromophenacyl! bromide and m-bromobenzyldimethyl- 
amine in cold benzene, formed stout prisms from alcohol, m. p. 193° 
(decomp.) (Found: ionisable Br, 16-4. C,,H,,ONBr, requires 
ionisable Br, 16-3°%%). The picrate formed short, yellow prisms from 
methyl alcohol, m. p. 136—137° (Found: (©,H,O,N,’, 35-3. 
C,,H,,ONBr,"C,H,O,N, requires C,H,O,N,’, 35-6%). p-Bromo- 
«-dimethylamino-«-m-bromobenzylacetophenone formed rosettes of 
stout, straw-coloured prisms from methyl alcohol, m. p. 68—70° 
(Found : Br, 38-7. C,,H,,ONBr, requires Br, 38-9%). 

p-Bromophenacyl-m-nitrobenzyldimethylammonium bromide, pre- 
pared from p-bromophenacyl bromide and m-nitrobenzyldimethyl- 
amine in cold benzene, formed minute, prismatic needles from 
alcohol, m. p. 200—201° (decomp.) (Found: ionisable Br, 17-7. 
C,,H,,0,N,Br, requires ionisable Br, 17-5%). The picrate formed 
small, thick, yellow prisms from methyl alcohol, m. p. 158—159° 
(Found: C,H,O,N,’, 37-9. C,,H,g0,N,Br-C,H,O,N, requires 
0,H,O,N,’, 37-6%). p-Bromo-w-dimethylamino-w-m-nitrobenzylaceto- 
phenone formed small, faintly straw-coloured prisms from methyl 
alcohol, m. p. 72—73° (Found: Br, 21-0. C,,H,,0O,N,Br requires 
Br, 21-2%). 

The authors desire to thank the Carnegie Trustees for a teaching 
fellowship held by one of them (T. 8. 8.), and the Department of 
Scientific and Industrial Research for a maintenance grant to the 
other (T. T.). 

THE UNIVERSITY, GLASGOW. [Received, August 5th, 1931.] 





8. Degradation of Quaternary Ammonium Salis. 
Part V. Molecular Rearrangement in Related 
Sulphur Compounds. 

By Tomas THomson and THomas STEVENS STEVENS. 


Previous work (J., 1930, 2107, 2119) has shown that the rearrange- 
mein: 
Ph-CO-CH,*N(CH,Ph)Me,Br “““", Ph-CO-CH(CH,Ph)-NMe, 
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is a general reaction, and the attempt has now been made to realise 
similar migrations with certain sulphur compounds : 


Ph-CO-CH,'S(CH,Ph)MeBr —> Ph-CO-CH(CH,Ph)SMe (A) 
Ph-CO-CH,SO,*CH,Ph —> Ph-CO-CH(CH,Ph)-S0,Na (B) 
Ph-SO,°CH,“N(CH,Ph)Me,Br —> Ph-SO,CH(CH,Ph)‘NMe, (C) 


The reaction (A) proceeded smoothly, and the product was con- 
verted, by methylation and reduction, into benzylacetophenone, 
in order to confirm the structure assigned to it. Attempted synthesis 
by the process 


Ph-CO-CHBr-CH,Ph *““S Ph-CO-CH(SMe):CH,Ph 


led only to replacement of the bromine atom by hydrogen, a sur- 
prising result in view of the ready preparation of phenacyl benzyl 
sulphide from phenacyl bromide and sodium benzyl mercaptide 
(Wahl, Ber., 1922, 55, 1454). 

The second scheme (B) was suggested by the fact that the 
positively charged sulphone sulphur atom simulates in several 
respects the behaviour of an “-onium” atom. In particular 
there may be cited the observations of Fenton and Ingold (J., 1928, 
3127; 1929, 2338; 1930, 705) that the Hofmann degradation of 
quaternary ammonium bases finds a parallel in the “ olefinic” 
decomposition of sulphones by alkali. In case (B) above, mild 
treatment with alkali left the sulphone unaltered, and more drastic 
conditions led to hydrolysis to benzoic acid and benzylmethyl- 
sulphone. No trace of the expected sulphinic acid, or of its possible 
decomposition product, benzylacetophenone, could be detected. 
In order to obtain alkaline conditions without possibility of hydro- 
lysis, the sulphone was heated with a strong tertiary base (benzyl- 
dimethylamine) at 190°, but with no better result. 

Case (C) was suggested by the fact that the sulphonyl group, like 
carbonyl, confers reactivity upon an adjacent methylene radical, 
the presence of such a reactive methylene group being considered 
a condition of the rearrangement. Unfortunately, the required initial 
material could not be obtained, for bromomethylphenylsulphone 
would not under any conditions combine with benzyldimethy]- 
amine. This unexpected inertness of the halogen atom was further 
exemplified by the observation that the bromo-sulphone would not 
react with piperidine. 

In the hope of extending reaction (A) to the case in which the 
sulphur atom is replaced by oxygen, benzyl methyl ether and bromo- 
acetophenone were heated. in presence of calcium carbonate, but 
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no evidence could be obtained of reaction according to the 
scheme 


Ph-CO-CH,Br+QMe ___ Ph-CO-CH,-QMeBr 18 Ph-CO-CH-OMe 
CH,Ph ~ CH,Ph CH,Ph 


ExPERIMENTAL. 


Benzyl Methyl Sulphide.—Benzyl1 chloride was refluxed with an 
alcoholic solution of potassium hydrogen sulphide (3—4 mols.) on 
the water-bath for 4 hours, a 20% excess of caustic soda solution 
was added, followed, gradually, by a slight excess of methyl sulphate, 
the whole was refluxed for 3 hours, and the product isolated by 
dilution with water and extraction with ether. Benzyl methyl 
sulphide was obtained as a water-clear liquid of powerful, horse- 
radish odour, b. p. 206—210°/751 mm. Obermeyer (Ber., 1887, 20, 
2926) gives b. p. 195—198°. On account of this discrepancy in 
boiling point, the identity of the benzyl methyl sulphide was con- 
firmed by conversion into the sulphone by means of hydrogen 
peroxide in glacial acetic acid (compare Gilman and Beaber, J. 
Amer. Chem. Soc., 1925, 47, 1451). Benzylmethylsulphone was 
obtained in large plates, m. p. 125—127° (Fromm and de Seixas 
Palma, Ber., 1906, 39, 3315, give m. p. 127°). 

Phenacylbenzylmethylsulphonium bromide, prepared from benzyl 
methyl sulphide and w-bromoacetophenone in cold benzene, 
separated over a long period of time in masses of long fine needles, 
m, p. 113—115° (decomp.) (Found: Br, 23-6. C,,H,,OSBr 
requires Br, 23-7%). The picrate formed masses of fine, yellow, 
prismatic needles, m. p. 115—117°, from methy] aicohol (Found : 
C,H,O,N,’, 47:2. C,,H,,OS-C,H,O,N; requires C,H,O,N,’, 470%). 

w-Benzyl-w-methylthiolacetophenone was obtained by heating the 
foregoing bromide with an excess of methyl-alcoholic sodium 
methoxide solution for 3 hours. The. product was isolated by 
dilution with water and extraction with ether; it crystallised from 
aqueous methyl alcohol in laminw, m. p. 55—56° (Found: §, 12-2. 
C,,H,,O8 requires 8, 12-5%). An attempt to synthesise this com- 
pound from w-bromo-w-benzylacetophenone and sodium methyl 
mercaptide in alcoholic solution led to the formation of benzylaceto- 
phenone, m. p. and mixed m. p. 70—72°. To establish the constitu- 
tion of the rearrangement product, equimolecular quantities of the 
latter and methyl sulphate were refluxed for 6 hours in benzene 
solution. The oily sulphonium salt was reduced with zinc dust and 
dilute sulphuric acid, and the solution, on extraction with ether, 
yielded benzylacetophenone, m. p. and mixed m. p, 70—72°; semi- 
carbazone, m. p. and mixed m. p. 141—143°. 
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Phenacylbenzylsulphone.—Phenacyl benzyl sulphide was prepared 
from sodium benzyl mercaptide and w-bromoacetophenone in 
alcoholic solution (Wahl, loc. cit.); it separated slowly and after 
being washed with water crystallised from alcohol in irregular plates, 
m. p. 87—89° (Wahl describes needles, m. p. 89°). The sulphide 
was heated in glacial acetic acid on the water-bath for 3 hours with 
a 50% excess of 30% hydrogen peroxide solution. The sulphone, 
which separated when the mixture was poured into water, crystal- 
lised from aqueous methyl alcohol in leaflets, m. p. 111—113°, as 
found by Wahl, who used potassium permanganate as oxidising 
agent. By treatment of phenacyl benzyl] sulphide with hydrogen 
peroxide in the cold, Wahl obtained the sulphoxide. 

Attempted Degradation of Phenacylbenzylsulphone.—The sulphone 
was refluxed with an excess of methyl-alcoholic sodium methoxide 
solution for 3 hours, and was then recovered unchanged in almost 
quantitative yield. (Wahl, loc. cit., refluxed phenacylbenzyl- 
sulphone with 20% alcoholic potassium hydroxide solution for 
several hours and obtained benzylmethylsulphone and benzoic acid.) 
Phenacylbenzylsulphone was heated with methyl-alcoholic sodium 
methoxide solution for 5 hours at 120—140°. From the solution, 
long prismatic needles of benzylmethylsulphone, m. p. and mixed 
m. p. 125—127°, were obtained. The filtrate, after dilution with 
water, was extracted with ether. The extract yielded benzoic acid, 
m. p. and mixed m. p. 119—121°, to sodium bicarbonate solution, 
but no unchanged phenacylbenzylsulphone to caustic soda solution, 
No trace of any rearrangement product was obtained, benzyl- 
acetophenone, in particular, being looked for. After phenacyl- 
benzylsulphone had been refluxed with benzyldimethylamine for 
3 hours, the only isolable substance was some unchanged initial 
material. 

Bromomethylphenylsulphone.—In attempts to prepare this com- 
pound as described by Otto (J. pr. Chem., 1889, 40, 541) by bromin- 
ation in the cold of phenylsulphonacetic acid, obtained from sodium 
benzenesulphinate and chloroacetic acid, only the dibromo-com- 
pound was obtained and not a mixture of the mono- and di- 
substituted compounds as stated by Otto. An attempt to convert 
the dibromomethylphenylsulphone into the monobromo-compound 
by refluxing the former for 7 days with alcoholic sodium ethoxide 
solution (2 mols.), as described for the dichloro-compound by Otto 
and Engelhardt (Ber., 1888, 21, 656), resulted in a 33% yield of the 
monobromomethylphenylsulphone, m. p. 48—50° (Otto gives m. p. 
46—48°). Bromomethylphenylsulphone was also obtained by 
heating methylene bromide and sodium benzenesulphinate in alcoholic 
solution as described by Otto (loc. cit.). The latter gives no 
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experimental details, but it was found that no reaction occurred 
on refluxing for 4 hours, whereas on heating for 6 hours at 
120—140°, a moderate yield of bromomethylphenylsulphone was 
obtained. 

It was found impossible to combine bromomethylphenylsulphone 
with benzyldimethylamine under any conditions whatsoever, nor 
would it react on refluxing with undiluted piperidine for 2 hours. 

Action of Bromoacetophenone on Benzyl Methyl Ether.—Equivalent 
quantities of w-bromoacetophenone and benzyl methyl ether were 
refluxed, after the addition of a moderate excess of calcium carbon- 
ate, first in dry toluene for 5 hours and in a later experiment in dry 
xylene for 6 hours, but no evidence of rearrangement was obtained, 
the benzyl methyl] ether being recovered unchanged. 


The authors are indebted to the Carnegie Trustees for a teaching 
fellowship held by one of them (T. S. 8.) and for a research scholar- 
ship held by the other (T. T.). 


THE UNIVERSITY, GLASGOW. [Received, October 27th, 1931.] 





9. The Synthesis and Orientation of Trichloro- 
anthraquinones and Amino-disulphonates of Anthra- 
quinone. Part Il. 


By Aran Avuaust GOLDBERG. 


Or the fourteen theoretically possible trichloroanthraquinones, 
nine have been synthesised and their orientations determined 
(compare Part I, J., 1931, 1771). The unknown isomerides are 
the 2:3:5-, 2:3:6-, 1:2:8-, 1:3:5-, and 1:3: 8-trichloro- 
compounds. 

The present work deals principally with derivatives of 6-chloro- 
anthraquinone; of the five unknown trichloroanthraquinones, 
three have been obtained and the constitutions of two of these 
definitely established, namely, the 2 : 3 : 5-, 2:3 : 6-, and 1( ?) : 2: 8- 
compounds, m. p. 227—228°, 245°, and 190—192° respectively. 

The sulphonation of $-chloroanthraquinone has not been studied 
because, according to the rules already established in Part I con- 
cerning the entrance of the sulpho-group into the molecule of a 
chloroanthraquinone, it would produce a mixture of the known 
2-chloroanthraquinone-6- and -7-sulphonic acids: since their alkali 
salts are almost completely insoluble in water, no method presents 
itself for their separation and, in consequence, for the determination 
of the constitutions of the products. These compounds are, 
D2 
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however, readily obtained by the chlorination of the corresponding 
alkali anthraquinone-2 : 6- and -2 : 7-disulphonates. 

Sulphonation of potassium 2-chloroanthraquinone-6-sulphonate 
yields a homogeneous product which has been shown to be potassiwm 
2-chloroanthraquinone-3 : 6-disulphonate (I): the action of nascent 
chlorine upon this replaces the sulpho-group adjacent to the halogen, 
giving insoluble potassium 2 :3-dichloroanthraquinone-6-sulphonate (II) 
(sulphonyl chloride, m. p. 229—230°). The sulpho-group in this 
substance completely resists replacement by chlorine by the re- 
action either of the nascent element with the potassium salt, or of 
thionyl chloride with the sulphonyl chloride at a high temperature 
(compare and contrast the behaviour of 2-chloroanthraquinone-6- 
and -7-sulphonates under similar conditions). 
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(X = SO,H) 

Orientation. The second-entering sulpho-group in the chloro- 
anthraquinonedisulphonate, for reasons already set out (Part I), 
must occupy a position in the chlorine-containing nucleus, and 
accordingly there are but three structures which may be assigned 
to this substance. Two of the possibilities are untenable, for, if 
the sulphonating agent attacked either the 1- or the 4-position, it 
would be this «-sulpho-group which is replaced by chlorine, since no 
case is known in which an «-sulpho-group can resist removal by this 
element : in consequence, the chlorination product would be either 
the 1 ; 2-dichloroanthraquinone-6-sulphonate or the 1 : 3-dichloro- 
anthraquinone-7-sulphonate, both of which react normally with 
chlorine, giving the corresponding trichloroanthraquinone (Part I). 
Hence the second sulpho-group must occupy the 3-position—a 
conclusion which might have been deduced from the ortho- and 
meta-directive influences of chlorine and carbonyl respectively. 
The chlorination product (II) may therefore have one of two possible 
constitutions, and in view of the stability of the 6- and the 7-sulpho- 
group in anthraquinone-2 :6- and -2:7-disulphonates it would 
appear highly probable that it is the same sulpho-group which is 
unreactive in potassium 2-chloroanthraquinone-3 : 6-disulphonate. 
That this is the case is proved by the study of the sulphonation of 
2 : 3-dichloroanthraquinone. 




















TRICHLOROANTHRAQUINONES, ETC. PART II. 75 


As anticipated, 2: 3-dichloroanthraquinone on sulphonation 
yields a homogeneous product consisting of 2 : 3-dichloroanthra- 
quinone-6-sulphonic acid, which is, as are the alkali salts, insoluble in 
water and completely resistant to attack by chlorine. The sulphonyl 
chloride, m. p. 229—230°, is identical with that of (II). This 
identity supplies the necessary information to prove that both these 
substances possess the constitution assigned to them and, moreover, 
independently establishes the structure of (I). 

The catalytic sulphonation of 2 ; 3-dichloroanthraquinone gives 
a dichloroanthraquinonemonosulphoniec acid (III) which is different 
from the non-catalytic product not only because both the free acid 
and the alkali salts are easily soluble in water but also because it 
reacts rapidly with nascent chlorine—a reaction diagnostic of 
«-sulpho-groups (Part I)—giving a trichloroanthraquinone, m. p. 
227—-228°. Since the sulphonating agent undoubtedly attacks the 
unsubstituted nucleus of the dichloroanthraquinone, and moreover 
the trichloroanthraquinone is not the 1:2:3-compound, the 
parent substance must be potassium 2 : 3-dichloroanthraquinone- 
§-sulphonate and the product derived from it, m. p. 228°, is 2:3: 5- 
trichloroanthraquinone. More prolonged catalytic sulphonation 
gives potassium 2 : 3-dichloroanthraquinone-1 : 5(or 8)-disulphonate, 
since this yields a compound, m. p. 208°, which must be 1: 2:3: 5- 
(or 8)-tetrachloroanthraquinone. 

2:3: 6-T'richloroanthraquinone,—Sulphonation of 2 : 7-dichloro- 
anthraquinone yields 2 : 7-dichloroanthraquinone-3-sulphonic acid, 
m. p. above 300°, the sulpho-group in which is replaceable by 
chlorine, although with difficulty, giving 2 : 3 : 6-trichloroanthra- 
quinone, m. p. 245°. The directive influences at work within the 
molecule of the parent dichloroanthraquinone and the enhanced 
stability of the sulphonation product towards chlorine strongly 
indicate the presence of a @-sulpho-group, and this is proved by the 
fact that the trichloroanthraquinone, m. p. 246°, which, a priori, 
must be 1:2:7-, 1:3:6-, or 2:3: 6-trichloroanthraquinone, is 
neither of the first two. Moreover the constitution of this tri- 
chloroanthraquinone is independently proved by its rational 
synthesis from 4 : 5-dichlorophthalic anhydride and chlorobenzene ; 
these condense to give 4’ : 4 : 5-trichloro-2-benzoylbenzoic acid, m. p. 
196—197°, which on closure of the anthraquinone ring yields a tri- 
chloroanthraquinone, m. p. 245°, identical with that obtained from 
2 : 7-dichloroanthraquinone-3-sulphonic acid. 

It is remarkable that 2 : 6-dichloroanthraquinone, when sulphon- 
ated under the same conditions as its 2; 7-isomeride, gives only 
a disulphonic acid, m. p. above 300°, believed, by analogy, to 
be 2: 6-dichloroanthraquinone-3 : 7-disulphonic acid. This is not 
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converted into the corresponding tetrachloroanthraquinone by the 
action of nascent chlorine. 

Sulphonation of potassium 2-chloroanthraquinone-7-sulphonate 
gives potassium 2-chloroanthraquinone-3 : 7-disulphonate, the action 
of chlorine upon which replaces only one sulpho-group with the 
production of potassium 2 : 3-dichloroanthraquinone-6-sulphonate, 
identified as such by means of its sulphonyl chloride. There appears, 
however, a peculiar tendency for chlorine, besides replacing the 
3-sulpho-group in the above chloroanthraquinonedisulphonate, 
to enter the nucleus—a tendency which has no analogue in the large 
number of similar chlorinations previously described. This may be 
coupled with the extreme readiness with which 2 : 6-dichloro- 
anthraquinone undergoes disulphonation, since that may be ascribed 
to the enhanced reactivity of the intermediate 2 : 6-dichloroanthra- 
quinone-3-sulphonic acid which presumably is initially formed. 

The Sulphonation of 1:17-Dichloroanthraquinone.—It is con- 
sidered highly probable that in the presence of mercury a sulpho- 
group would enter the molecule of 1 : 7-dichloroanthraquinone in 
the «-position which is ortho to the 8-chlorine substituent. The 
product obtained in this reaction exhibits the property of an 
«-sulphonate in reacting rapidly with nascent chlorine, to give a 
trichloroanthraquinone, m. p. 190—192°. This is accordingly 
believed to be 1 : 2 : 8-trichloroanthraquinone, but this view must be 
accepted with reserve until substantiated by further evidence. 

The Reactivity of Chloroanthraquinone-mono- and -di-sulphonates 
towards Ammonia.—It has been shown that the mono- and di- 
sulphonates of «-chloroanthraquinone resemble certain negatively 
substituted halogenobenzenes, notably picryl chloride and chloro- 
dinitrobenzene, inasmuch as the halogen substituent is mobile, 
these substances readily condensing at temperatures which are not 
necessarily high with ammonia to form amino-mono- and -di- 
sulphonic acids of anthraquinone. The §8-chlorine substituent in 
potassium 2-chloroanthraquinone-6- and -7-sulphonates, however, 
is not mobile, but the entrance of the strongly negative sulpho- 
group in the §-position contiguous to the halogen confers the 
necessary mobility upon the latter : both potassium 2-chloroanthra- 
quinone-3:6- and -3:7-disulphonates readily condense with 
ammonia with the formation of the corresponding aminoanthra- 
quinonedisulphonates. These substances possess powerful tinotorial 
properties and are substantive to animal fabric. 

The Colour of the Chloroanthraquinones.—The capacity displayed 
by the chloroanthraquinones for the selective absorption of light 
depends entirely upon the position of the halogen substituents. 
The chloroanthraquinones possessing one or more substituents in 
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a-positions have a pronounced yellow colour, as also do their 
solutions in acetic acid, in which they all readily dissolve. The 
three $$-dichloroanthraquinones and the $88-compound, however, 
are but feebly coloured and dissolve in acetic acid with difficulty 
with the production of almost colourless solutions. 

The Identification of the Disulphonates of Anthraquinone.—Since 
the disulphonyl chlorides of anthraquinone decompose at or below 
the melting point, they are undesirable as reference compounds for 
the identification of the corresponding disulphonates. The chlorin- 
ation products, on the other hand, are in all cases well-defined 
sharp-melting substances and accordingly are ideal for this purpose ; 
moreover they are usually more easily obtained than are the di- 
sulphonyl chlorides. The two a«-disulphonates are rapidly and 
directly converted by the action of nascent chlorine into the corre- 
sponding dichloroanthraquinones; the $£-disulphonates yield as 
sole products the chlorosulphonates, identifiable as such by means 
of the chlorosulphonyl chlorides; whereas the «§-disulphonates 
give as intermediates the «-chloro-$-sulphonates, which may be 
converted either into the sulphonyl chlorides or, by the further 
action of chlorine, into the «$-dichloroanthraquinones. 


EXPERIMENTAL. 


Potassium 2-Chloroanthraquinone-6- and -7-sulphonates.—A 
solution of sodium anthraquinone-2 : 6-disulphonate (100 g.) in 
water (3500 c.c.) containing hydrochloric acid (500 c.c.) was heated 
on the steam-bath, and a saturated solution of potassium chlorate 
(200 g.) slowly added. The heating was continued all night and the 
precipitated potassium 2-chloroanthraquinone-6-sulphonate was 
then separated from the hot liquor, washed with much boiling water, 
dried, pulverised, and extracted with an excess of rectified spirit to 
remove a small quantity of 2 : 6-dichloroanthraquinone (yield, 61 g.). 

The sulphonyl chloride, prepared in the manner described for 
isomeric compounds (Goldberg, J., 1931, 1780), crystallised from 
benzene in pale yellow leaves, m. p. 202—203° (Found: Cl, 20-7, 
Cale. for C,4H,0,C1,8 : Cl, 20-8%). 

Sodium anthraquinone-2:7-disulphonate (100 g.), dissolved 
in water (3000 c.c.) containing hydrochloric acid (250 c.c.) and 
potassium chlorate (100 g.), was heated at 100° for 12 hours. A 
further quantity of hydrochloric acid (250 c.c.) and potassium 
chlorate (100 g.) in aqueous solution was then added, heating 
continued for 30—35 hours, and the precipitated potassium 2-chloro- 
anthraquinone-7-sulphonate collected. After being washed with 
boiling water and extracted with alcohol, it was obtained as a light 


yellow powder (25 g.). 
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The sulphonyl chloride crystallised from benzene in stellate 
clusters of elongated, pale yellow needles, m. p. 200—201° (Fierz- 
David, Helv. Chim. Acta, 1927, 10, 209, gives 176°); this m. p. was 
considerably depressed in admixture with 2-chloroanthraquinone- 
6-sulphony] chloride (Found : Cl, 20-9%). 

Both potassium 2-chloroanthraquinone-6- and -7-sulphonates are 
insoluble in water and are not acted upon by nascent chlorine. 

Sulphonation of Potassium 2-Chloroanthraquinone-6-sulphonate. 
Potassium 2-Chloroanthraquinone-3 : 6-disulphonate.—A solution of 
potassium 2-chloroanthraquinone-6-sulphonate (200 g.) in 20% 
fuming sulphuric acid (600 c.c.) was heated at 155—160° for 10 hours, 
The red melt was poured into an excess of ice-water, and the finely 
divided precipitate of unchanged 2 : 6-chloro-sulphonate removed by 
filtration. The combined filtrate and washings, after the addition 
of a solution of potassium hydroxide (400 g.), were evaporated to 
ca. 3000 c.c. and after some time the bulky precipitate was collected; 
a further crop was obtained by concentrating the mother-liquor. 
The combined precipitates were crystallised twice from water, 
small head fractions being rejected each time. The potassium 
2-chloroanthraquinone-3 : 6-disulphonate (180 g.) thus obtained is 
soluble in about 10 parts of boiling water and crystallises in slender 
lemon-yellow needles (Found in dehydrated salt: 8, 133. 
C,,H,;0,CIS,K, requires 8, 134%). The calcium, lead, and barium 
salts are precipitated when the ions of these metals are added to a 
solution of the potassium salt. The first is soluble in boiling water, 
the lead salt almost insoluble in water but soluble in dilute nitric 
acid, and the barium salt insc'uble in both these solvents. 

Chlorination of Potassium 2-Chloroanthraquinone-3 : 6-disulphonate. 
Potassium 2 : 3-Dichloroanthraquinone-6-sulphonate.—A solution of 
potassium 2-chloroanthraquinone-3 : 6-disulphonate (80 g.) in water 
(3000 ¢.c.) was treated with hydrochloric acid (600 c.c.) and 
potassium chlorate (150 g.) and heated on the steam-bath for 48— 
60 hours. The precipitated potassium 2 : 3-dichloroanthraquinone- 
6-sulphonate was collected, washed with boiling water, and lixiviated 
with rectified spirit ; it was then obtained as a pale yellow, amorphous 
powder (49 g.), insoluble in water (Found in anhydrous salt : §, 8-5. 
C,,H,0;CI,SK requires 8, 8-1%). Nascent chlorine has no action 
upon an aqueous suspension of the substance. 

2 : 3-Dichloroanthraquinone-6-sulphonyl chloride crystallises from 
xylene in microcrystalline tablets, m. p. 227—229° (Found: Cl, 
28-7. ©,,H,;0,Cl,8 requires Cl, 28-4%). 

Potassium 2-Aminoanthraquinone-3 : 6-disulphonate-—A_ solution 
of potassium 2-chloroanthraquinone-3 : 6-disulphonate (25 g.) in 
water (300 c.c.) containing hydrated copper sulphate (3 g.) was 
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heated with aqueous ammonia (120 c.c.; d 0-880) in a sealed tube 
at 100° for 60 hours. The product was evaporated to dryness, re- 
dissolved, and warmed with the minimum amount of aqueous 
potassium hydroxide to decompose the ammonium chloride that 
was formed. After acidification with dilute hydrochloric acid the | 
copper was removed as sulphide, and the solution evaporated ; 
potassium 2-aminoanthraquinone-3 : 6-disulphonate (18 g.) then 
slowly separated in a microcrystalline form. , It is easily soluble in 
boiling water, giving an intensely red solution even at great dilutions, 
and crystallises in dark red micro-needles (Found in dehydrated 
salt: S, 13-7; N, 3-4. C,,H,O,NS,K, requires 8, 13-9; N, 3-1%). 

Sulphonation of 2: 3-Dichloroanthraquinone. Potassium 2 : 3-Di- 
chloroanthraquinone-6-sulphonate.—2 : 3-Dichloroanthraquinone was 
prepared by the condensation of phthalic anhydride with o-dichloro- 

benzene (Phillips, J. Amer. Chem. Soc., 1927, 49, 473) and by the 
condensation of 4: 5-dichlorophthalic anhydride (Villiger, Ber., 
1909, 42, 3529) with benzene (Ullmann and Billig, Annalen, 1911, 
381, 11). It crystallised from acetic acid, in which it was 
difficultly soluble, in needles, m. p. 267°. 

2 : 3-Dichloroanthraquinone (20 g.) was dissolved in 20% fuming 
sulphuric acid (25 c.c.) and heated at 155—160° for 4 hours. The 
semi-solid product was poured into ice-water (400-c.c.), a large dark 
grey precipitate being thrown down. Nitric acid (10 c.c.) was 
added, and the mixture heated on the steam-bath until the dark 
colour was discharged. The insoluble 2 : 3-dichloroanthraquinone- 
6-sulphonic acid was separated and suspended in water, and potassium 
hydroxide added until the mixture was alkaline; it was then heated 
for some time on the steam-bath. The solid was washed with water, 
dried, and refluxed with an excess of acetic acid to remove unchanged 
2: 3-dichloroanthraquinone. On filtration, potassium 2: 3-di- 
chloroanthraquinone-6-sulphonate was obtained as a yellowish-grey 
amorphous powder insoluble in water (Found in anhydrous salt : 
8, 8-4. C,,H;0,;C1,SK requires 8, 8:1%). The sulphonyl chloride 
crystallised from xylene in microcrystalline yellow-grey tablets, 
m. p. 228—229° alone and in admixture with the dichloroanthra- 
quinonesulphony] chloride obtained by the chlorination of potassium 
2. chloroanthraquinone - 3:6-disulphonate (Found: Cl, 28-2. 
0,,H;0,C1,8 requires Cl, 284%). 

Catalytic Sulphonation of 2 : 3- Dichloroanthraquinone. Potassium 
2: 3-Dichloroanthraquinone-5-sulphonate.—A solution of 2: 3-di- 
chloroanthraquinone (10 g.) in 20% fuming sulphuric acid (7 o.c.) 
was heated with yellow mercuric oxide (1-5 g.) for 24 hours, with 
shaking at frequent intervals. The product was poured into water, 
and the liquid filtered from unchanged dichloroanthraquinone and a 
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small quantity of the 6-sulphonate which was formed. After de- 
colorisation of the filtrate with nitric acid an aqueous solution of 
potassium hydroxide (5 g.) was added, and the yellow solution con- 
centrated to small bulk; potassiwm 2 : 3-dichloroanthraquinone- 
. 5-sulphonate then crystallised in small yellow leaves. Recrystal- 
lisation from water, in which it was easily soluble, gave the pure 
salt (Found in dehydrated salt : 8, 8-4. C,,H;0;CI,SK requires 8, 
81%). ‘ 

Chlorination of Potassium 2 : 3-Dichloroanthraquinone-5-sulphonate. 
2:3: 5-Trichloroanthraquinone—A dilute aqueous solution of 
potassium 2 : 3-dichloroanthraquinone-5-sulphonate was treated 
with nascent chlorine at 100° in a manner previously described 
(Part I). Precipitation of 2 : 3 : 5-trichloroanthraquinone was very 
rapid, being complete in several hours. It crystallised from acetic 
acid in stellate clusters of lemon-yellow needles, m. p. 227—228°, 
which depressed the m. p. of 1:2: 3-trichloroanthraquinone 
(Found: Cl, 34:2. C,,H,O,Cl, requires Cl, 34:1%). 

Catalytic Disulphonation of 2 : 3-Dichloroanthraquinone. Potass- 
ium 2:3-Dichloroanthraquinone-\(or 4): 5-disulphonate and 
1:2:3:5(or 8)-Tetrachloroanthraquinone.—2 : 3 - Dichloroanthra- 
quinone (10 g.) was agitated with 20% fuming sulphuric acid 
(10-5 c.c.) and yellow mercuric oxide (2 g.) for 4 hours at 155—160°. 
The product was poured into water and treated in the same manner 
as the catalytic monosulphonation product. After the addition of 
potassium hydroxide (10 g.) the solution was concentrated and cooled 
and the first crop of crystals (ca. 3 g.) rejected. The filtered solution 
was further concentrated; on standing, potassium 2 : 3-dichloro- 
anthraquinone-l(or 4) : 5-disulphonate came down in small leaves, 
which were obtained pure after one crystallisation. 

A dilute aqueous solution of the salt was treated with nascent 
chlorine, the quantities being the same as those already recorded for 
isomeric substances. 1 : 2: 3: 5(or 8)-T'etrachloroanthraquinone was 
rapidly precipitated and on crystallisation from acetic acid was 
obtained in tufted, small, pale yellow needles, m. p. 208° (Found : 
Cl, 41-2. C,,H,O,Cl, requires Cl, 41-0%). 

Sulphonation of 2: 7-Dichloroanthraquinone. 2 : 7 - Dichloro- 
anthraquinone-3-sulphonic Acid.—2:7-Dichloroanthraquinone was 
obtained from the corresponding diaminoanthraquinone by the 
method of D.R.-P. 197,554. A solution of 2 : 7-dichloroanthra- 
quinone (40 g.) in 20% fuming sulphuric acid (50 c.c.) was heated at 
155—160° for 4 hours. The semi-solid product was poured into 
water, and the mixture heated on the steam-bath over-night in 
order to coagulate the precipitate and render it filterable. The 
filtered solution was decolorised with nitric acid and concentrated 
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until crystallisation began. On cooling, 2 : 7-dichloroanthraquinone- 
3-sulphonic acid separated in attenuated yellow needles (13 g.), 
m. p. above 300°. The acid is readily soluble in boiling water and 
is precipitated in the crystalline form by the addition of mineral 
acids (Found in anhydrous acid: 8, 9:3. C,,H,0,Cl,S requires 
8, 90%). 

Chlorination of 2:7-Dichloroanthraquinone-3-sulphonic Acid. 
2:3: 6-Trichloroanthraquinone.—A solution of 2 : 7 - dichloro - 
anthraquinone-3-sulphonic acid (10 g.) in water (500 c.c.) containing 
hydrochloric acid (45 ¢.c.) and sodium chlorate (15 g.) was heated 
on the steam-bath over-night. The gelatinous precipitate was then 
collected, suspended in water (2500 c.c.) containing hydrochloric 
acid (100 c.c.) and sodium chlorate (10 g.), and heated on the steam- 
bath for a further 36 hours. The 2:3 : 6-trichloroanthraquinone 
(7 g.) erystallised from acetic acid, in which it dissolved with 
difficulty, giving an almost colourless solution, in long, pale yellow 
needles, m. p. 245°, which depressed the m. p. of 2 : 3 : 5-trichloro- 
anthraquinone (Found: Cl, 34-1. C,,H,;0,Cl, requires Cl, 34:1%). 

Sulphonation of 2: 6-Dichloroanthraquinone. 2 : 6- Dichloro- 
anthraquinone-3( %) :'7( ?)-disulphonic Acid.— 2 : 6-Dichloroanthra- 
quinone (40 g.) was sulphonated in the same way as the 2: 7- 
isomeride. The decolorised dilute sulphuric acid solution was 
evaporated to ca. 220 c.c. and allowed to cool; 2 : 6-dichloroanthra- 
quinone-3( ?) : 7( ?)-disulphonic acid then crystallised in long, lemon- 
yellow needles (19 g.), m. p. above 300°. It is very soluble in 
boiling water and is precipitated from its aqueous solution by the 
addition of mineral acids (Found in anhydrous acid : S, 14-9, 14-6; 
Cl, 15-8. C,,H,O,CI,S, requires 8, 14-65; Cl, 16-3%). 

Condensation of 4:5-Dichlorophthalic Anhydride with Chloro- 
benzene. 4':4:5-T'richloro-2-benzoylbenzoic Acid.—Finely divided 
aluminium chloride (80 g.) was stirred with 40 g. of 4: 5-di- 
chlorophthalic anhydride in chlorobenzene (300 g.) at 105—110° 
for 74 hours with exclusion of moisture. The product was poured 
into water, the chlorobenzene distilled off in steam, and the residual 
solid separated, pulverised, and extracted thoroughly with boiling 
dilute aqueous sodium carbonate. The filtered extract was acidified 
with hydrochleric acid, and the precipitate dissolved by boiling with 
a large volume of aqueous ammonia (charcoal). Acidification of the 
cold solution precipitated 4’ : 4 : 5-trichloro-2-benzoylbenzoic acid in 
white flocks (56 g.). The acid was dissolved in alcohol, and water 
added until a faint turbidity was produced ; on cooling, the acid was 
precipitated quantitatively as a mass of long white needles, m. p. 
196—197° (Found: Cl, 32-5. C,,H,0,Cl, requires Cl, 324%). 
The acid is very soluble in alcohol but insoluble in water; the 
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ammonium salt crystallises from water, in which it is soluble with 
difficulty, in white tablets. 

2:4: 6-Trichloroanthraquinone.—The above trichlorobenzoyl- 
benzoic acid (10 g.) was dissolved in 5°/, fuming sulphuric acid 
(40 c.c.) and heated at 155—160° for 3} hours. The product was 
poured into water, and the precipitate collected and digested with 
dilute aqueous sodium hydroxide to remove unchanged trichloro- 
benzoylbenzoic acid. The washed residue was dissolved in a large 
volume of acetic acid and treated at the boiling point with chromic 
acid. The addition of water precipitated 2 : 4 : 6-trichloroanthra- 
quinone in flocks; it crystallised from acetic acid, in which it was 
difficultly soluble, in long, pale yellow needles, m. p. 245° alone 
and in admixture with the trichloroanthraquinone obtained from 
2: 7-dichloroanthraquinone-3-sulphonic acid (Found: Cl, 34-0. 
Cale. for C,,H,0,Cl, : Cl, 34-1%). 

Sulphonation of Potassium 2-Chloroanthraquinone-7-sulphonate. 
Potassium 2-Chloroanthraquinone-3 : 7-disulphonate.—Potassium 2- 
chloroanthraquinone-7-sulphonate (100 g.) was sulphonated in the 
same way as the 2 : 6-isomeride. The yellow product, on recrystal- 
lising twice from boiling water, small head fractions being rejected 
each time, gave potassium 2-chloroanthraquinone-3 : 7-disulphonate 
(110 g.) as a mass of long yellow needles (Found in dehydrated salt : 
8, 12-9. C,,H,;O,CIS,K, requires 8, 13-4%). The calcium salt is 
soluble in boiling water, but the barium and lead salts are insoluble. 

Chlorination of Potassium 2-Chloroanthraquinone-3 : 7-disulphon- 
ate. Potassium 2 : 3-Dichloroanthraquinone-6-sulphonate.—Potass- 
ium 2-chloroanthraquinone-3 : 7-disulphonate (40 g.) was chlorinated 
in the same manner as the 2: 3: 6-isomeride. Precipitation of the 
potassium 2 : 3-dichloroanthraquinone-6-sulphonate, however, was 
more rapid, and was complete in 12 hours (23 g.). The sulphonyl 
chloride had m. p. 210—212° after one crystallisation (Found : 
Cl, 30-9), but after many crystallisations the m. p. was 222—223°: 
the mixed m. p. with the sulphonyl chloride obtained from the 
sulphonation product of 2 : 3-dichloroanthraquinone was 224—227° 
(Found : Cl, 29-2. C,,H,;0,C1,8 requires Cl, 284%). 

Potassium 2-Aminoanthraquinone -3 : 7 -disulphonate.—Condens- 
ation of potassium 2-chloroanthraquinone-3 : 7-disulphonate with 
aqueous ammonia in the presence of copper sulphate in the manner 
described above gave potassium 2-aminoanthraquinone-3 : 7-di- 
sulphonate as a dark micro-crystalline powder soluble in water with 
an intense fine red colour (Found in anhydrous salt: S, 13-4; N, 
30. C,,H,O,NS,K, requires 8, 13-9; N, 3-1%). 

Sulphonation of 1:'7-Dichloroanthraquinone. Potassium 1 : 7-Di- 
chloroanthraquinone-8( ?)-sulphonate.—A solution of 1 : 7-dichloro- 
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anthraquinone (24 g.) (Goldberg, Joc. cit.) in 20% fuming sulphuric 
acid (20 c.c.) was heated for 34 hours, with shaking, with yellow 
mercuric oxide (6 g.). The product was poured into water, the 
solution filtered to remove unchanged dichloroanthraquinone and 
mercuric oxide, and potassium hydroxide (20 g.) added. The 
solution was evaporated, an early fraction of crystals rejected, and 
the final solution concentrated to small bulk. On standing, a 
yellow precipitate (23 g.) was obtained which, on recrystallising 
twice from boiling water, gave potassium 1 : 7-dichloroanthra- 
quinone-8( ?)-sulphonate as a canary-yellow crystalline mass (11 g.) 
(Found in anhydrous salt: §, 8-5. C,,H;O;CI,SK requires 8, 8-1%). 

Chlorination of Potassium 1 : 7 - Dichloroanthraquinone - 8( *) - 
sulphonate. 1(?) : 2: 8-Trichloroanthraquinone.—A dilute aquevus 
solution of potassium 1 : 7-dichloroanthraquinone-8( ?)-sulphonate 
was treated with nascent chlorine; precipitation of 1( ?) : 2: 8-tri- 
chloroanthraquinone in a micro-crystalline form began in 10 minutes 
and was complete in a few hours. It crystallised from acetic acid 
in small, tufted, yellow needles, m. p. 190—192° (Found: Cl, 34-2. 
C,,H,;0,Cl, requires Cl, 34-1%). 


In conclusion the author wishes to thank Professor J. F. Thorpe, 
C.B.E., F.R.S8., for his valuable advice and kind interest in this work, 
and the Department of Scientific and Industrial Research for per- 
mission to publish the results and for a grant which made the 
investigation possible. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, — 
Lonpon, 8.W. 7. [Received, November 2nd, 1931.] 





10. The Reduction of Heteronuclear Nitroanthra- 
quinonesulphonates. 


By Aan Avaust GOLDBERG. 


NITROANTHRAQUINONES have frequently been reduced to amino- 
anthraquinones, but little is known of the intermediate compounds. 
Hydroxylaminoanthraquinones have been isolated (Schmidt and 
Gattermann, Ber., 1896, 29, 2934; Wacker, Ber., 1902, 35, 666; 
D.R.-P. 67,102, 96,197), and less highly hydrogenated intermediates 
obtained from them by mild oxidation (Wacker, loc. cit.; Beisler 
and Jones, J. Amer. Chem. Soc., 1922, 44, 2296; D.R.-P. 363,930, 
411,531). Scholle and Eberle (Monatsh., 1911, 32, 1035), however, 
obtained 2-azoxyanthraquinone by direct reduction of 2-nitro- 
anthraqistinone with glucose, 
For tne reduction of nitroanthraquinones to the corresponding 
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aminoanthraquinones, boiling aqueous sodium sulphide is regarded 
as the best reagent (Barnett, ‘‘ Anthracene and Anthraquinone,” 
p. 192), but intermediate compounds have not previously been 
isolated by its use. 

The action of aqueous sodium sulphide at or below 0° on sodium 
1-nitroanthraquinone-5- and -8-sulphonates has been found to give 
sodium 1-hydroxylaminoanthraquinone-5- and -8-sulphonates in almost 
theoretical yields, there being little or no tendency for further 
reduction. By diminishing the ratio of sodium sulphide to the nitro- 
sulphonate, less highly hydrogenated substances are formed which, 
since they do not give the nitroso-reaction, are considered to be 
sodium 1-azoxyanthraquinone-5- and -8-sulphonates. 

Treatment of the hydroxylamino-sulphonates with hot sulphuric 
acid causes migration of the N-hydroxyl to the nucleus, giving 
sodium 1-amino-4-hydroxyanthraquinone-5- and -8-sulphonates. 

The method described for the production of derivatives of anthra- 
quinone is more convenient and more easi!y controlled than those 
involving the use of stannite, glucose, etc. 


EXPERIMENTAL. 


Sodium 1- Nitroanthraquinone -5- and - 8 - sulphonates.—Sodium 
anthraquinone-1-sulphonate was nitrated by the method of Ullmann 
and Kertész (Ber., 1919, 52, 525). The 1: 5-isomeride, which 
separated from the warm sulphuric acid, was collected on asbestos, 
dissolved in water, precipitated by saturated sodium chloride 
solution, and recrystallised. The 1 : 8-isomeride in the sulphuric 
acid filtrate was isolated (E.P. 17,565/1903), and recrystallised, 
small head fractions being rejected each time, until the chloro- 
nitroanthraquinone derived from a sample by chlorination had the 
correct melting point. 

Sodium 1 - Azoxyanthraquinone - 5 - sulphonate—To a paste of 
sodium 1-nitroanthraquinone-5-sulphonate (20 g.) and water (40 c.c.), 
a solution of crystalline sodium sulphide (8 g.) in water (40 c.c.) was 
added, and the mixture stirred for 15 minutes, the temperature 
being — 4° throughout. Addition of hydrochloric acid (40 c.c.) 
produced a semi-solid mass, which was drained, washed with a little 
cold water, and crystallised twice from boiling water, sodiwm 
1-azoxyanthraquinone-5-sulphonate (12 g.) being obtained in reddish- 
brown leaves (Found in dehydrated salt : 8, 9-8. C,,H,,0,,N,8,Na, 
requires 8, 9:7%). The salt dissolves with difficulty in boiling 
water, giving a stable, pale reddish-brown solution, unchanged by 
acid or alkali; the alkaline solution becomes deep green on addition 
of aqueous sodium sulphide ames to reduction to the hydroxyl- 
amino-sulphonate. 











sezoawdgFese 


om— a 


-—- & 





VS © 











HETERONUCLEAR NITROANTHRAQUINONESULPHONATES. 85 


Sodium 1 - Hydroxylaminoanthraquinone - 5 - sulphonate.—Sodium 
1-nitroanthraquinone-5-sulphonate was reduced (at — 2°; 25 mins.) 
as in the preceding experiment (crystalline sodium sulphide, 20 g. 
instead of 8 g.). The product of the acidification with hydrochloric 
acid (1:1; 50 c.c.), treated as described above, a small head 
fraction being rejected at each crystallisation, gave sodiwm 
1-hydroxylaminoanthraquinone-5-sulphonate in dark red needles 
with a metallic iridescence (Found in dehydrated salt: 8S, 9-6. 
C,,H,O,NSNa requires S, 9-4%). The salt is much more easily 
soluble in boiling water than the corresponding azoxy-compound, 
giving a deep purple-red solution which slowly decomposes. The 
colour of the solution is unchanged on acidification, but the addition 
of alkali produces an intense deep green colour, doubtless due to the 
formation of the disodium salt. The colour change is sharp and 
takes place between py 9 and 10-5 as determined by comparison with 
B.D.H. universal indicator. 

Sodium 1 - Amino -4-hydroxyanthraquinone -5- sulphonate.—A solu- 
tion of sodium 1-hydroxylaminoanthraquinone-5-sulphonate (15 g.) 
in sulphuric acid (60 c.c.) was heated on the steam-bath until a test 
portion gave a violet (instead of blue) coloration on dilution and 
basification with caustic alkali (1}—1} hours). The cooled product 
was poured on ice (200 g.) and the precipitate (12 g.) was collected, 
dissolved in dilute aqueous sodium hydroxide, and reprecipitated 
from the filtered, cooled, violet solution by the addition of dilute 
sulphuric acid. The sulphate of 1-amino-4-hydroxyanthraquinone- 
5-sulphonate was thus obtained as an amorphous curry-coloured 
powder, difficultly soluble in water, giving a solution with a carmine 
colour due to hydrolysis. 

The sulphate was suspended in a small quantity of water and 
treated with aqueous sodium hydroxide until it just dissolved. 
When the purple-red solution was concentrated, sodiwm 1-amino- 
4-hydroxyanthraquinone-5-sulphonate separated in dark red needles, 
which were recrystallised (Found in dehydrated salt: 8, 9-7; Na, 
6-5. C,,H,O,NSNa requires 8, 9-4; Na, 6-75%). It is easily 
soluble in boiling water, giving a violet-red solution, which becomes 
deep purple on addition of alkali; the colour change is fairly sharp. 
The alkaline solution dyes silk a fine purple shade. 

Reduction of the above azoxy-sulphonate and hydroxylamino- 
sulphonate with boiling aqueous sodium sulphide gave sodium 
1-aminoanthraquinone-5-sulphonate. Acidification of the con- 
centrated aqueous solution of the sodium salt precipitated the free 
acid, which crystallised from water in reddish-brown spangles 
(Found: S, 10-7. Calc. for C,,H,O;NS: 8S, 10-6%). 

Derivatives of Sodiwm 1-Nitroanthraquinone-8-sulphonate.—By 
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the methods described above, the following compounds were obtained 
from this salt : sodium 1-azoxyanthraquinone-8-sulphonate (Found in 
dehydrated salt: 8, 9-9%), sodium 1-hydroxylaminoanthraquinone- 
8-sulphonate (Found in dehydrated salt: S, 98%), and sodium 
l-amino-4-hydroxyanthraquinone-8-sulphonate (Found in dehydrated 
salt : Na, 6-6%). These substances have properties and crystalline 
forms almost identical with those of the isomeric 5-sulphonates, but 
are rather more soluble. 

None of the compounds mentioned above has any action on 
T'. eguiperdum in mice. 


In conclusion the author wishes to thank Professor J. F. Thorpe, 
C.B.E., F.R.8., for his kind interest in this work, and the Department 
of Scientific and Industrial Research for permission to publish the 
results and for a grant which made the investigation possible. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpvon, S.W. 7. [Received, November 3rd, 1931.] 





11. Cyclic Esters of Sulphuric Acid. Part II. The 
Constitution of Methylene and Glyoxal Sulphates, 
and the Reaction of Methylene Sulphate with Tertiary 
Bases. 


By Witson BAKER and (in part) FREDERICK BLANCHARD 
FIELD. 


THE formula CH 0 O, (I) ascribed to methylene sulphat@ by 
XO 2 y Pp 


its discoverer Delépine (Compt. rend., 1899, 129, 831 ; Bull. Soc. chim., 
1899, 21, 1055) appears to have been accepted without challenge by 
subsequent workers (Delaby, Bull. Soc. chim., 1926, 39, 1612; Fuchs 
and Katscher, Ber., 1927, 60, 2288). In Part I (Baker, J., 1931, 
1765) it was suggested that methylene sulphate does not possess this 
structure, and the evidence now available points to the conclusion 
that the substance is of double the molecular weight required by the 
formula CH,SO, and has the 8-membered ring structure * (II). 


O-CH, 0: O O 
80s<0.CH,-0> 922 (CHa a9 >80z S0,<p >CH-CH<9>S0, 
(II.) (III.) (IV.) 
The formula (I) is improbable, since a compound which is so 
readily formed could scarcely be expected to be a 4-membered ring. 


* An 8-membered ring compound, CCl,-CH<(O-CH,°O),>CH-CCl,, m. p. 
189°, has been obtained by Pinner (Ber., 1898, $1, 1931) by the condensation 
of chloral and formaldehyde. 
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Further, from the physical properties of methylene sulphate and 
methyl sulphate it is clear that the two substances are not similarly 
constituted, and the former has a considerably higher molecular 
weight than the latter. The melting point of methylene sulphate is 
some 182° higher than that of methyl sulphate, whereas generally 
no great difference in physical properties exists between a methylene 
ether of a compound and the corresponding dimethyl ether. The 
methylene ethers of simple compounds have, in fact, almost in- 
variably slightly lower melting points and boiling points than the 
dimethyl ethers, as is evident from the following examples. An 
exception is afforded by the melting points of the ethers of tri- 
methylene glycol. 


M. p. B. p. 
Petiylame WalMete oisecsicpidescscsesccsedspevecsoscceses 155° decomp. 
{Methy1 CR ee A ey ee ee — 26-8 * 188° 
{ Ethylene glycol methylene ether ............s..ss000 —95 77 
Ethylene glycol dimethyl] ether .............seseeeeeeee — 58 83 
{ Trimethylene glycol methylene ether ..............+++. —457 105 
Trimethylene glycol dimethyl ether ...............+++ — 82+ 106 Tf 
{Cotechel POSE GIOIES CHEE 6... cc sedadedecccesccosccscess —187 173 
Catechol dimethyl] ether ............sssseceeeeseeeeseeers +22 206 


* Dubroca, J. Chim. physique, 1907, 5, 463. 
+ Not previously recorded, 


Further evidence against the formula (I) has been obtained by a 
study of the properties of ethylene sulphate (III; n = 2) and tri- 
methylene sulphate (II1; »=3). These substances have been 
obtained by the interaction of the corresponding dibromides with 
silver sulphate; they possess the normal molecular weights, melt at 
99° and 63° respectively, and are easily soluble ih organic solvents, 
thus indicating that methylene sulphate, which is very sparingly 
soluble, has a higher molecular weight than either of the compounds 
(IIT). 

Determination of the molecular weight of methylene sulphate 
is difficult owing to its very slight solubility in inert solvents and 
its instability in hot solutions (compare Baker, loc. cit., p. 1767). 
A saturated solution of methylene sulphate (crystallised rapidly 
from acetone, washed with benzene, and dried in a vacuum) in pure 
benzene, prepared at room temperature during 48 hours, was slightly 
diluted, and the freezing point determined. The freezing point of 
the benzene, similarly treated, was determined, the same degree of 
supercooling being allowed in each case. The methylene sulphate 
in the solution was estimated, after evaporation of the benzene, by 
titrating the sulphuric acid produced by hydrolysis (Part I, loc. cit., 
p. 1767). As the depressions were only 0-04—0-05°, no great 
accuracy can be claimed for the results, but the average of three 
fairly concordant determinations was 211. Since formula (I) 
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requires M = 110 and (II) requires M = 220, the 8-membered 
ring structure can definitely be assigned to methylene sulphate. 

The abandonment of the formula (I) for methylene sulphate 
bears on the constitution of glyoxal sulphate. This substance, 
C,H,(SO,)., m. p. 176—177°, which is prepared by the action of 
fuming sulphuric acid on acetylene tetrachloride in presence of 
mercury or copper salts (Ott, D.R.-P. 362,743; Ruggli and Henzi, 
Helv. Chim. Acta, 1929, 12, 364), has been represented by the 
double 4-membered ring structure (IV), which is very improbable, 
and the alternative (V) containing two fused 5-membered rings has 
not been previously considered, although it accounts equally as well 
as (IV) for the chemical properties of the substance. 


NN 
cH \ox”” Nou, () 


0-CH-O 
so 
*<0.¢H-07 82 CH, | CB poo Sx 
0 ‘ 
CH,-0-S0,°0 
(V.) (VI.) (VIII.) 


Formula (V) differs only from the formula of methylene sulphate 
(II) in the union of the two carbon atoms, and this is in agreement 
with the remarkably similar physical properties of the two sub- 
stances (m. p., solubility in organic solvents). Further evidence in 
support of the formula (V) is not available, but it is to be accepted 
as the formula of glyoxal sulphate as being the more probable of the 
two alternatives. 

Glyoxal sulphate reacts with ethyl alcohol to give glyoxal tetra- 
ethyl acetal, and with ethylene glycol to give a glyoxal diethylene 
acetal, probably 2 : 3-ethylenedioxydioxan (VI), which is identical 
with the product of interaction of glyoxal, glycol, and hydrogen 
chloride (Donciu, Monatsh., 1895, 16, 8) to which formula (VI) 
was given.* By analogy with the formation of cyclic ethylene acetals 
from monoaldehydes and glycol, Donciu’s product might be re- 
presented by the alternative double 5-membered ring structure 
C,H,:0,:CH-CH:0,:C,H, (VII), and it is formulated as such in the 
12th edition of Richter—Anschiitz’s “Chemie der Kohlenstoff- 


* (Note added in the proof.) Béeseken, Tellegen, and Henriquez (Rec. trav. 
chim., 1931, 50, 909) have recently prepared two stereoisomeric “‘ naphtho- 
1: 4:5: 8-dioxans,”’ m. p. 109—112° and 133—136°, from “ 2 : 3-dichloro- 
dioxan ’’ and ethylene glycol; no mention is made of the work of Donciu. We 
find that the higher-melting isomeride has m. p. 137° and is identical (mixed 
m. p.) wtih the 2 : 3-ethylenedioxydioxan described in this paper, and hence 
the constitution of this compound is established. A reversal of the argument 
here presented is therefore possible, and the formation of (VI) from glyoxal 
sulphate and glycol provides additional evidence in favour of the formula (V) 
for glyoxal sulphate. 
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verbindungen ” (1928, 1, 437). A consideration of the methods of 
formation of the acetal from glyoxal and formaldehyde, however, 
shows that the reaction might equally well lead to (VI) or (VII). 
Again, the reaction between glyoxal sulphate (V) and glycol might 
occur in a number of ways, but it is more likely to lead to (VI) than 
(VII); hence, since the compound is identical with Donciu’s 
product, the original formulation (V1) of the latter compound is to be 
preferred to the alternative (VII). 

Reaction of Methylene Sulphate with Tertiary Bases.—Methylene 
sulphate readily reacts with an aqueous solution of pyridine to give 
a compound C,H,0,NS, which has the properties of an internal 
neutral salt, being readily crystallised from hot water and insoluble 
in benzene. In aqueous solution it has the molecular weight re- 
quired by the above formula, 7.e., is not split into ions, and gives no 
precipitate with barium chloride. Prolonged heating with water 
causes hydrolysis to pyridine, formaldehyde, and sulphuric acid. 
Similar compounds are given by quinoline and dimethylaniline, the 
latter being sufficiently stable to separate unchanged from hot dilute 
sodium hydroxide solution. The only possible structure for these 
compounds is that of an internal quaternary ammonium salt of the 
betaine type (VIII), which by analogy with the methosulphates, 
may be called methylenosulphates. 


EXPERIMENTAL, 


Ethylene Sulphate (II1; mn = 2).—A mixture of ethylene di- 
bromide (10 g.), silver sulphate (20 g.), and xylene (10 c.c.) was 
shaken at the boiling point for } hour and then distilled under 
diminished pressure, the crystalline material in the distillate being 
collected after the addition of light petroleum and washed with the 
same solvent (yield 1-5 g.). It separated from benzene-light 
petroleum in long (sometimes more than 4 cm.), tough, fibrous 
needles, m. p. 99° (Found: C, 19:3; H, 3-6; M, cryoscopic in 
benzene, 129. C,H,O,S requires C, 19-4; H, 33%; M, 124). 
Ethylene sulphate is dimorphous and also separates from benzene- 
light petroleum in small flat prisms, m. p. 99°. When warmed with 
water, it rapidly dissolves owing to partial hydrolysis to 6-hydroxy- 
ethylsulphuric acid, and on exposure to the air is slowly hydrolysed 
by moisture and becomes liquid. The equivalent of the compound 
as a potential monobasic acid was estimated by hydrolysing the 
substance with water for 5 minutes on the water-bath and titrating 
the acid produced with standard alkali (Found: equiv., 125-4. 
C,H,0,8 requires equiv., 124). 

By treating catechol in aqueous-alkaline solution with ethylene 
sulphate, catechol ethylene ether is produced. 
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Trimethylene Sulphate (III; n = 3).—This compound was pre- 
pared in the same way as ethylene sulphate (yield, 2 g.). It 
separates from benzene-light petroleum in lustrous flat prisms, 
m. p. 63° [Found: C, 26-1; H, 4-6; S (hydrolysis with water at 
200° and precipitation as BaSO,), 23-5; M, cryoscopic in benzene, 
140-8; equiv. (as potential monobasic acid; see ethylene sulphate), 
1405. O,H,O,S requires C, 26-1; H, 4-4; 8, 23-1%; M and equiv., 
138]. When heated with water, it dissolves and slowly undergoes 
hydrolysis, but the compound is much more stable than is ethylene 
sulphate and can be crystallised from methyl alcohol; it is not 
hydrolysed on exposure to the air. 

Trimethylene Glycol Dimethyl Ether.—To a solution of sodium 
(20 g.) in methyl alcohol (250 c.c.) was added trimethylene glycol 
(33 g.), the whole evaporated to dryness under diminished pressure, 
methyl! sulphate (100 g.) and ether (50 c.c.) added, and the mixture 
heated on the water-bath. The distillate was twice rectified over 
solid potassium hydroxide, the fraction boiling above 90° was 
distilled over sodium until no further reaction occurred, and finally 
fractionated, yielding trimethylene glycol dimethyl ether (6 g.), b. p. 
106°/753 mm. [compare Dionneau, Ann. Chim. Phys., 1915, 3, 260, 
for the b. p.’s of the compounds MeO-(CH,),-OMe], m. p. — 82° 
(Found: C, 57-4; H, 11-4. C,;H,,0, requires C, 57-7; H, 11-6%). 
It has a faint ethereal odour and is somewhat soluble in water. It 
was obtained in smaller yield from trimethylene dibromide and 
sodium methoxide in methyl alcohol. 

Glyoxal Tetraethyl Acetal.—Glyoxal sulphate (10 g.) and absolute 
alcohol (40 c.c.) were heated and agitated under reflux until a vigorous 
reaction set in. The solution was then heated on the water-bath for 
1 hour, poured into water, and extracted with ether, and the 
extracts were dried and distilled over solid potassium hydroxide. 
The high-boiling portion was repeatedly distilled over sodium till no 
further reaction occurred. Glyoxal tetraethyl acetal (1-3 g.) was 
obtained, b. p. 195—196°/753 mm. (compare Pinner, Ber., 1872, 5, 
151; Harries and Temme, Ber., 1907, 40, 171). 

2 : 3-Hthylenedioxrydioxan (V1).—Glyoxal sulphate (5 g.), ethylene 
glycol (10 c.c.), and water (5 c.c.) were heated on the water-bath for 
1 hour. After addition of water (10 c.c.), chloroform extracted 
colourless 2: 3-ethylenedioxydioxan (0:85 g.), which separated 
from alcohol in striated diamond-shaped plates, m. p. 137° (Found : 
C, 49-0; H, 6-6. Calc. for C,H,,0,: C, 49:3; H, 69%). 

Pyridine Methylenosulphate (VIII).—Methylene sulphate (22 g.) 
was slowly added to pyridine (32 c.c.) and water (32 c.c.) initially 
at 40—50°, so that the liquid did not quite boil. Crystals separated 
on cooling and were collected and washed with cold water (yield, 
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15 g.). The substance crystallises readily from hot water in colour- 
less prismatic needles, m. p. about 228° with evolution of gas (rapid 
heating) [Found : C, 38-4; H, 3-9; N, 7-6; S (Carius), 17-3; SO, 
(hydrolysis with excess of dilute standard NaOH and back-titration), 
51:3; M, cryoscopic in water, 185. C,H,O,NS requires C, 38:1; 
H, 3-7; N, 7-4; 8, 16-9; SO,, 508%; M, 189]. 

Quinoline Methylenosulphate—A mixture of quinoline (10 g.), 
acetone (50 c.c.), and methylene sulphate (5 g.) was boiled for a few 
minutes, a white solid separating. Water was added to the cold 
mixture, and the crystalline product was collected, washed with much 
dilute sulphuric acid and then with water, and dried in a vacuum 
over calcium chloride [Found: C, 50-7; H, 4:1; N, 5-7; 8S, 13-9; 
SO, (by hydrolysis), 40-5. C,,H,O,NS requires C, 50:2; H, 3-8; 
N, 5-9; 8, 13-4; SO,, 40:2%]. Quinoline methylenosulphate de- 
composes readily on boiling with water into formaldehyde, quinoline 
and sulphuric acid, being much less stable under these conditions 
than the pyridine derivative, and it can only be crystallised from 
water in small quantities. It darkens at about 230° and melts with 
evolution of gas at 260—265°. 

Dimethylaniline Methylenosulphate—A mixture of dimethyl- 
aniline (10 g.) in acetone (50 c.c.) and methylene sulphate (10 g.) 
was agitated and rapidly heated until the solution suddenly became 
cloudy and boiled. When cold, the acetone layer was decanted 
and the residual oil was shaken with water (20 c.c.). The product 
at once crystallised; it was washed with cold water, in which it 
was almost insoluble, and recrystallised from hot water, from which 
it separated in thin colourless prisms (7 g.), m. p. about 168—169° 
(rapid heating; evolution of gas) (Found: C, 46-9; H, 5-5; N, 
6:3. C,H,,0,NS requires C, 46-8; H, 5-6; N,6-1%). The aqueous 
solution has a very bitter taste, and is slowly hydrolysed on boiling. 


THe Dyson PEerrins LABORATORY, 


Ox¥FoRD. [Received, November 5th, 1931.] 





12. The Physical Properties of Nitrobenzene in the 
Neighbourhood of the Melting Point. 


By Norman BLENNERHASSETT Massy, Freprrick Lioyp 
WARREN, and JoHN HuLToN WOLFENDEN. 


A sERIEs of recent communications by Mazur suggests a sharp 
discontinuity in the physical properties of nitrobenzene in the neigh- 
bourhood of 9-8°, a temperature some 4° above its m. p. He reports 
a sharp fall in dielectric constant (Nature, 1930, 126, 993), an arrest 
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in the heating curve (ibid., 1931, 127, 741), and a sharp change of 
slope in the density-temperature curve (ibid., p. 893). 

It is not clear from Mazur’s papers whether it was ascertained 
that the temperature corresponding to the fall in dielectric constant 
was independent of the frequency of the electrical oscillations used ; 
the inference, however, is drawn by Mazur from this discontinuity 
and the other two that nitrobenzene has two modifications in the 
liquid state, with a temperature of transition near 9-8°. 

Since the dielectric constant is intimately connected with the 
degree of orientation and capacity for free rotation of the dipoles of 
the medium, it seemed of interest to measure the related property 
of the viscosity of nitrobenzene over the critical range described by 
Mazur. The two later communications led us to extend our measure- 
ments to its density and rate of heating. 

Our viscosity measurements show no sign of discontinuity near 
9-8°, nor have we been able to reproduce the discontinuities recorded 
by Mazur in the other two respects. 


EXPERIMENTAL. 


Materials—Harrington’s extra pure nitrobenzene was redistilled 
twice from phosphoric oxide at 100°. The m. p. of the product, 
measured with a recently standardised thermometer, was 5-77° 
+ 0-02°. This compares favourably with the value of 5-5° reported 
by Mazur, 5-669° by Roberts and Bury (J., 1923, 123, 2037), 5-689° 
by Sidgwick and Ewbank (J., 1924, 125, 2269); Masson (Nature, 
1930, 128, 726) reports m. p. 5-85° in a specimen prepared with great 
care. Exceptional purity is not claimed for our product but, if it is 
assumed that water is the principal impurity and that the value 
obtained by Masson corresponds to dry nitrobenzene, it appears 
that the water content of our nitrobenzene cannot have exceeded 
0-03%. 

Viscosity Measurements.—The viscosities were measured in a glass 
viscometer of the type described by Applebey (J., 1910, 97, 2000), 
which had been shown to obey Poiseuille’s law; the viscometer was 
held firmly in position by a holder such as is described in the same 
paper. Both the viscosity and the density measurements were 
carried out in an electrically controlled thermostat, cooled by a coil 
in which ice-water circulated. The temperature variations of the 
thermostat, as registered by a thermo-element of the kind described 
by Joy and Wolfenden (Proc. Roy. Soc., 1930, A, 134, 413), rarely 
exceeded 0-002°. 

The viscosity was determined by comparing the time of flow of 
nitrobenzene at various temperatures with that (606-60 secs.) of an 
equal volume of water at 19-93°. The viscosity of water at 19-93° 
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was taken as 1-011 centipoises (“‘ International Critical Tables,” 1929). 
The apparent density of nitrobenzene in air at each temperature was 
obtained from our own measurements described below by correcting 
for the weight of air displaced at 9-5° and 760 mm. pressure. The 
apparent density of water was taken as 0-9970 at 19-93°. 

It was found that the time of flow of a given specimen of nitro- 
benzene fell linearly with time, to the extent of about 1 second in 
24 hours. This fall we attribute to slow absorption of water by the 
nitrobenzene in spite of the precautions, such as the use of calcium 
chloride tubes, taken to exclude water vapour from the viscometer. 
The water absorption necessary to account for the effect is extremely 
small; control experiments made with nitrobenzene to which very 
small amounts of water had been added showed that water absorption 
at the rate of 1 part in 15,000 parts per day was adequate to account 
for the fall observed. Since this was linear, a suitable correction was 
applied according to the length of time the given specimen of nitro- 
benzene had remained in the viscometer. This correction never 
exceeded 1 part in 800 parts. The viscometer was refilled at 
frequent intervals with fresh nitrobenzene from a tube immersed in 
the thermostat throughout the experiment. In this way both the 
change of hydrostatic head with temperature and the magnitude of 
the moisture correction were kept at a sufficiently low value. 

The absolute viscosities n, in centipoises (Table I), give a smooth 
curve when plotted against temperature. The absence of any 
discontinuity is shown even more conclusively by comparing the 


TABLE I. 
Temp. 107/T. 7: logs» 7- Temp. 107/T. 7. logy 7. 
19-94° 34,125 2-052 0-3121 9-07° 35,439 2-552 0-4069 
15-04 34,705  2°257 0-3535 8-85 35,467 2-568 0-4096 
12-14 35,058 2-395 0-3793 8-51 35,510 ~° 2-587 0-4128 
11-03 35,195 2-456 0-3902 8-08 35,664 2-608 0-4163 
10-08 35,313 2-497 0-3975 7-37 35,654 2-650 00-4235 
9-66 35,365 2-526 0-4025 6-64 35,747 2-689 0-4297 
9-32 35,408 2-547 0-4062 5-69* 35,869 2-752 0-4397 


* Supercooled. 


results with Andrade’s equation, » = Ae!” (Nature, 1930, 125, 309), 
to which unassociated liquids have been shown to conform closely. 
Conformity with this equation is most clearly tested by plotting 
log,9 » against 1/7’, the reciprocal of the absolute temperature, as 
in Fig. 1: the linear relationship offers conclusive evidence of the 
absence of any discontinuity in the viscosity of nitrobenzene over 
the temperature range studied. 

Density Measurements.—A pyknometer of the type described by 
Hartley and Barrett (J., 1911, 99, 1072), suitable for use below room 
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temperature, was employed. Nine measurements were made over 
the range 6-03—14-02°. The values of d{- were as follows : 


TBEEDs vvaveccvescocceces 6-03° 7-05° 8-05° 9-08° 10-07° 
je sereeeecesscesecnees 1-2170 1-2161 1-:2153 1-2143 1-2134 
MDs wrncsoccot chevtees 11-05° 12-06° 13-03° 14-02° 

Ajo seeeeerecerereweveees 1-2124 12115 =: 12106 1-2097 


These results are plotted in Fig. 2 together with a broken line 
representing Mazur’s values. Our results show no discontinuity 
over the temperature range measured, and differ from those of 
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Mazur below 9° to an extent greatly exceeding the experimental 
error. 

Rate of Heating of Nitrobenzene.—In order to detect any arrest in 
the rate of temperature rise of nitrobenzene under conditions of 
constant heat influx, some 30 c.c. were sealed up in a dilatometer. 
The motion of the meniscus along the dilatometer capillary was 
measured against time while the dilatometer was immersed in 4 
thermostat which supplied heat at a uniform rate, producing 4 
temperature rise of about 4° per hour. In these circumstances the 
nitrobenzene serves as its own thermometer. Apart from the 
simplicity of the method, it has the advantage that the heating- 
arrest, if any, will be emphasised by any change in the slope of the 
density—temperature curve at the temperature of transition such as is 
described by Mazur. The graph of volume against time was strictly 
linear with no trace of a discontinuity between 9° and 11°. 
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r Summary. 
The viscosity of nitrobenzene has been measured between 5-69° 
and 19-94°, and its density between 6-03° and 14-02°. 























Neither 
property showed any discontinuity within these ranges. The 
Fig, 2. 
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heating curve of nitrobenzene shows no arrest between 9° and 11°. 


tal Hence, none of these physical properties offers any evidence for the 
existence of two modifications of liquid nitrobenzene. ° 
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ng: Tux collision theory of chemical reaction rate, to which the explan- 
the § ation of experimental results for gaseous reactions is to be credited 
sis | (Hinshelwood, “The Kinetics of Chemical Change in Gaseous 
tly | Systems,” 2nd edtn., Oxford, 1929), shows every promise of being 
able to account also for the rates of reactions in solution (Moelwyn- 
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Hughes, Chem. Reviews, 1932, in the press). When considering, 
for example, a reaction between two solutes, the bimolecular velocity 
coefficient can be evaluated by assuming that chemical change takes 
place whenever two of the reacting molecules collide with the 
necessary increment ofenergy. The dissolved molecules are regarded 
as moving with the same average velocity as neutral gaseous mole- 
cules at the same temperature, so the collision rate is the same for 
a dilute solution as for the gas. Now it is well known that when 
the concentration, or partial pressure, of one molecular species is 
much greater than that of the other, the reaction will appear to be 
unimolecular. It may therefore be argued that several reactions 
which have been measured only in solution and which appear to be 
unimolecular are in fact bimolecular. In the simplest possible case 
we would expect such reactions to have rates dependent on the 
number of collisions between solute and solvent molecules. 

Jowett (Phil. Mag., 1929, 8, 1059) calculates the number of 
collisions between dissolved molecules and solvent molecules in the 
following manner. Two independent methods have shown that 
the coefficient of diffusion for a dilute solution is the same as that of 
self-diffusion in gases. After introduction of a correction neces- 
sitated by a tendency of the velocity to persist after collision (Jeans, 
“The Dynamical Theory of Gases,” 4th edtn., Cambridge, 1925), 
the coefficient of diffusion is given by the relation 

D=1-051u/3(1—0). . . . . (I) 
in which 4 is the mean free path of the dissolved molecule, and 4 
is its root-mean-square velocity; 6, the average persistence of 
velocity, is approximately equal to M,/(M, + M,), where M, is 
the mass of the solute molecule and M, that of the solvent molecule. 
The number of solvent molecules encountered per second by each 
solute molecule is 


SOG 4s ¢ « « & “% See 
‘Thus Z = 0-892R7(M, + M,)/M,M.D. 


This is the form in which the equation has been used by Jowett to 
calculate the collision rates for numerous solutes in water at 18°. 
If we now combine this with the Sutherland—Einstein equation 
(the validity of which can be assumed for the moment), in which 4 
is the viscosity of the solvent and r the radius of the solute molecule, 
viz., 


D=RT/6mpN.. . . «+ + @ 
Z = 0-892(M, + M,) x 6xNar/M_M,. 
Replacing N by 6-06 x 103, we then have 
Z = 5-1-x 10%(M,+ M,)on/M,M,. . . (4 


we have 
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This equation enables us to calculate the collision rate for a dilute 
solution from a knowledge of the diameter (c) of the solute molecule 
and the viscosity of the solvent. 

The most interesting consequence of this equation is, as Jowett 
points out, that the collision frequency should be directly propor- 
tional to the viscosity and should possess the same (negative) 
temperature coefficient. This result is rather an unexpected one, 
but the same conclusion is attained by an alternative though 
perhaps less rigorous treatment. 

Einstein (Z. Elektrochem., 1908, 14, 235) has shown that the 
mean displacement Ax, measured along one axis, of a dissolved 
molecule in time ¢ seconds due to solvent bombardment is 


Aye =2RTtICN . . . . . (8) 
where C, the resistance factor, is equal to 6myr in the case of a 
molecule which is spherical and large in comparison with a solvent 


molecule. Hence Az = 2RTt/6xNyr. For the actual displace- 
ment As in three dimensions, we have as an average value 
As = 3Ax =RTt/eNnr. . . . . (6) 

The displacements measured by Perrin during his investigation of 
the Brownian movement were those corresponding to a time interval 
of 30 seconds, during which the solute molecule (or, more strictly, 
the colloid particle) had undergone several successive encounters 
with solvent molecules. If we take, however, as our value of ¢ the 
time elapsing between two consecutive collisions, As reduces to 2, 
the mean free path, and ¢ becomes A/u. Substituting these values 
in equation (6), we have 


Aa 466 Es ee ee 
Combination with equation (2) gives Z = xNyru?/RT = 3nN7y0/2M, 
or Z=29 x 10*%on/M, . . «. « + (8) 


The similarity to equation (4) will be at once apparent, The 
absolute values of the collision frequencies given by the two equa- 
tions differ by a factor of 0-57(1 — 6), the magnitude of which 
depends on the relative masses of solute and solvent molecules, 
and will not generally be large. The conclusion that collision rate 
for dilute solutions is proportional to the viscosity of the solvent 
is one which cannot be avoided : unlike the corresponding quantity 
for gaseous systems, the collision frequency in solution will decrease 
with a rise in temperature. 

This difference is a consequence of the fact that, whereas in both 
solutions and gases Z depends on the velocity of translation of the 
molecules, it is only in the liquid system that the variation with 
E 
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temperature of the free space becomes considerable. Raising the 
temperature of a dilute solution will influence the rate of collisions 
between solute and solvent molecules in two ways: (1) the increased 
velocity of the molecules will favour the collision frequency, and 
(2) the increased separation of the molecules—due to thermal 
expansion—will affect the collision rate adversely. Physically inter- 
preted, therefore, the conclusion reached means that the efiect of 
temperature on the free space is the important factor. Considering 
the viscosity of pure liquids, it is not certain whether the increased 
separation of the molecules is sufficient to account entirely for its 
negative temperature coefficient. But while the matter is still 
undecided from the theoretical standpoint, there is much evidence 
for believing that the free space in liquids increases rapidly with a 
rise in temperature; the rate of increase is, furthermore, almost 
equal to that of the fluidity, and is thus sufficient to explain the 
diminution in the collision frequency. 

It now remains to show how this result bears on the problem of 
calculating the rates of reactions in dilute solutions. 

The total number of collisions per c.c. per sec. between solute 
and solvent molecules is Zn, where n is the number of solute mole- 
cules present in 1 c.c. of solution. If every such collision, with 
the appropriate energy conditions, leads to reaction, we have for 
the instantaneous rate of was 4 A of reactant molecules 

— dn/dt = Zn. e-F'k? , . (9) 
The term £’ differs from the ‘abhi value for ‘the energy of 
activation, as will be shown presently. The unimolecular velocity 
coefficient for the reaction is 
b= —l]/n.dunji=Z.eF"™. . . . . (BH 
The terms constituting Z are all independent of temperature, except 
the viscosity. We have, thus, by either equation (4) or equation (8), 
k = constant X7.e8/"F. . . Ct COD) 
The importance of this equation lies in the fact that, in order to 
determine the true energy of activation for this type of reaction, 
we must take into account the temperature coefficient of the 
viscosity of the medium. The simplest analytical method of doing 
this is to plot In (ky../) against the reciprocal of the absolute 
temperature (1/7). The slope of the curve will be — £’/R, and, if 
theory and observation are in harmony, the value of (k,»,./7) 
corresponding to 7’= should be comparable with the term 
5-1 x 10°4(M, + M,)o/M,M, or 2-9 x 10%o/M,. The effect of 
this alteration in the usual procedure for dealing with experimental 
velocity coefficients is, as Jowett foresaw, to lead to a critical 
inerement value which is greater than the Arrhenius term £. 
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We shall now proceed to apply equation (10) to certain experi- 
mental data, employing the values of Z given by equations (4) and 
(8). In the absence of a more precise method, we shall estimate 
the diameter of the solute molecule, which is assumed to be 
unhydrated, from a knowledge of the molecular volume V,, of the 
solute in the pure liquid or solid state : 


o = 1-36 x 10%V,¥® . . . . , (12) 


This equation is known to give values which are certainly of the 
correct order of magnitude, and are probably exact to within 
about 30%. 

It will be recalled that the deductions of both the collision 
formulz given above imply the validity of the Sutherland-Einstein 
expression. Now, although this records in a satisfactory manner 
the variation with temperature of the diffusion coefficient, yet it is 
strictly applicable only to dilute solutions in which the motion of 
the dissolved molecule obeys Stokes’s law. We shall therefore 
expect the agreement between observed and calculated values of 
the velocity coefficients to be closer when the solute molecule is 
large compared with the solvent molecule. 

The Decomposition of Ozone in Carbon Tetrachloride Solution.— 
The decomposition of ozone in the gaseous state is predominantly 
a bimolecular reaction, the energy of activation having been given 
as 27,800 cals. (Belton, Griffith, and McKeown, J., 1926, 3153) and 
29,600 cals. (Wulf and Tolman, J. Amer. Chem. Soc., 1927, 49, 
1650). It has recently been shown that the reaction in carbon 
tetrachloride solution is unimolecular, the value of H being now 
26,160 cals. (Bowen, Moelwyn-Hughes, and Hinshelwood, Proc. 
Roy. Soc., 1931, A, 134, 211). The apparent change in order could, 
according to the investigators, be explained if collisions between 
ozone molecules and solvent molecules lead to reaction. The inter- 
pretation of this suggestion in a quantitative manner entails, in 
the first place, a correction in the observed critical increment value 
for the change with temperature of the viscosity of the solvent. 
Applying this in the manner described, ZH becomes 28,750 cals. for 
the reaction in solution; this is in rather striking agreement with 
the values for the gaseous reaction, being, in fact, equal to the 
average of the two figures quoted above. Inserting this value for 
E in equation (11), and employing the collision rates given by 
equations (4) and (8), we obtain the calculated values given below. 


Unimolecular velocity constant (secs.~*). 





Temp. 7 X 10°. Obs. Cale. by eqn. (4). Cale. by eqn. (8). 
54-7° 6-33 1-82 x 10° 1-77 x 10-* 8-45 x 10-7 
71-0 5-24 1-24 x 10-* 1-34 x 10° 5-82 x 10° 
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It will be seen that the theoretical velocity coefficients are lower 
than the observed values by factors of 10 and 22 respectively. 
Equation (4) is thus seen to be, in this instance, in somewhat better 
agreement with experiment than equation (8). Greater harmony 
cannot be expected when it is remembered that the ozone molecule 
is small (c = 3-5 x 10° cm.) compared with the solvent molecule 
(oc = 6-1 x 10% cm.), and that the reaction in solution—like the 
gas reaction—is not entirely free from minor complications, 

Bowen, Moelwyn-Hughes, and Hinshelwood (loc. cit.) found that 
ozone reacts to some extent with the carbon tetrachloride, and 
concluded that this was “either a relatively unimportant side- 
reaction ...or.. . the first stage of a chain reaction in which 
about seventeen molecules of ozone are decomposed for each initial 
act.” The latter suggestion is of interest in view of the factors 10 
and 22 just found. 

The Decomposition of Dibromosuccinic Acid in Aqueous Solution.— 
The rate at which dibromosuccinic acid decomposes into bromo: 
maleic and hydrobromic acids in water, CO,H*-CHBr-CHBr-CO,H— 
CO,H-CH:CBr-CO,H -+ HBr, was found by van’t Hoff (“Studies 
in Chemical Dynamics,” London, 1896) to be unimolecular with 
respect to the dibromosuccinic acid. His velocity-constant data, 
converted into natural logarithms and reciprocal seconds, are given 
in the third column of Table I, along with the rates calculated on 
the assumption that every collision between a dibromosuccinic acid 
molecule (c = 7 x 10-8 cm.) and a water molecule leads to reaction 
when the kinetic energy exceeds 24,830 cals. per g.-mol. The 





Taste I. 
Unimolecular velocity constant (secs.~"). 

* an aa 
Temp. 7 Xx 10°. Obs. Calc. by eqn. (4). Calc. by eqn. (8). 
15° 11-4 1-61 x 10-’ 2-91 x 10°5 7-75 x 1077 
40 6-57 1-41 x 10-6 5-31 x 10-¢ 1-41 x 10° 
50 5-50 4-15 x 107° 1-54 x 10° 4-09 x 10° 
60-2 4:64 1-09 x 10° 4-31 x 10-3 1-15 x 1074 
70°1 4:05 2-82 x 10> 1-11 x 10° 2-95 x 10-* 
80 3-56 7-67 x 10-5 2-74 x 10°? 7-30 x 10-+ 
89-4 3-19 1-74 x 10-4 6-18 x 10° 1-64 x 107% 
101 2-81 5-30 x 10-4 1-61 x 10> 4:28 x 10-3 


experimental results are in greater harmony with an equation of 
the form k = constant x 7. e~/®? than with the Arrhenius equa- 
tion, which gives a critical increment of 22,840 cals. Equation (8) 
is in better agreement with experiment than equation (4), and 
gives values for theoretical rates which are about 10 times as great 
as the experimental values. The important point is that the 
reaction proceeds at a rate which does not exceed that given by 
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postulating a very simple collision mechanism of activation. The 
reaction is slightly complicated at high temperatures by a tendency 
in the organic acids to eliminate carbon dioxide. 

The Conversion of Chloropurpureochromichloride into Roseochromi- 
chloride [Cr(NH,),C1jCl, + H,O—>» [Cr(NH;);H,O]Cl, (Freundlich 
and Pape, Z. physikal. Chem., 1914, 86, 458).—The two reactions 
which have been already studied involved collisions between two 
molecular species with the chemical transformation of only one, 
i.e., the solute. For reactions of the type studied here, and for 
hydrolytic reactions generally, the two colliding types of molecules 
disappear, and allowance should strictly be made for the diminution 
in the concentration of the solvent. For dilute solutions, however, 
only about 1 mol. of solvent in several hundreds is used up, so that 
the correction can be ignored. The critical increment for this 
reaction is 21,570 cals. by the Arrhenius equation, and 25,580 cals. 
by the viscosity equation (11). Putting M, = 224 and o=7 X 
10-8 cm., we obtain the calculated constants given below. It will 


Unimolecular velocity constant x 10 (secs.~). 





Temp. 7 xX 108, Obs. Calc. by eqn. (4). Cale. by eqn. (8). 
25-0° 8-94 9-7 29 1-1 
30-3 7-95 18 55 2-1 
35-0 7:24 33 95 3-7 


be seen that both equations lead to values of the velocity 
coefficient which are of the right order of magnitude, the factor 
keatc./Kovs. being 3 and 1/9 respectively. The data for two other 
reactions of the same type (Freundlich and Bartels, ibid., 1922, 
4101, 177) are in equally good agreement with theory. 

The Hydrolysis of Monochloroacetic Acid.—The Arrhenius critical 
increment (26,310 cals.) for this reaction, CH,Cl-CO,H + H,O—~> 
CH,(OH)-CO,H + HCl, is lower by 3,370 cals. than the value 
obtained for the energy of activation when allowance has been 
made for the variation of the collision number with temperature. 
The diameter of the monochloroacetic acid molecule being taken 
as 5-4 x 10-8 cm. [equation (12)], equations (4) and (8) give cal- 
culated rates which are greater by factors of 16 and 2-5 (see Table IT) 





TABLE II. 
Unimolecular velocity constants (secs.~*). 

Temp. n X 10%, Obs. Calc. by eqn. (4). Cale. by eqn. (8). 

80° 3°56 8-52 x 1077 1-36 x 10° 2-13 x 107% 

90 3°16 2-31 x 10° 3-81 x 10° 6-00 x 10-* 
100 2-84 6-64 x 1076 1-03 x 10-4 1-63 x 10-5 
110 2-56 1-67 x 10-5 2-69 x 10-* 4-23 x 1075 
120 2-32 4-03 x 10°5 6-56 x 10-4 1:03 x 10-4 
130 2-14 10 1-59 2-50 
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than those determined experimentally by Buchanan (Ber., 1871, 4, 
340; see van ’t Hoff, op. cit., p. 130). The reaction appears to be 
free from complications. 

The Hydrolysis of Carbonyl Sulphide, COS + H,O —> CO, + H,S. 
—Buchbéck’s velocity-constant data (Z. physikal. Chem., 1897, 23, 
123) at seven temperatures are faithfully represented by the equation 


Bis = 3°37 X10” |. owe, 


The collision frequencies by equations (4) and (8) are 1-59 x 101%, 
and 2-08 x 10%, respectively, and are thus considerably lower 
than the experimental value. The reaction may proceed in con- 
secutive stages, as Buchbéck himself suggested. This is the first 
instance encountered of a simple reaction which goes at a rate 
much faster than the collision theory will allow, but it should be 
remembered that the solute molecule (c = 3-41 x 10-° cm.) is of 
about the same size as the solvent molecule, so that it is not legiti- 
mate to use the Stokes expression for the resistance of the solvent 
to the motion of the dissolved molecules. Furthermore, it has not 
been possible to correct the observed constants for the part played 
by the hydroxyl ion, which is known to catalyse the reaction to 
some extent. 

The Hydrolysis of Substituted Benzyl Chlorides.—Olivier (Rec. trav. 
chim., 1922, 41, 301, 646; 1923, 42, 516, 775) has measured the 
rate of hydrolysis of a large number of compounds of this class in 
50% aqueous alcoholic mixtures at 30° and 83°. Within this 
range, the temperature coefficients of the viscosity of ethyl alcohol 





Tasiez IIT. 
Kego* X 107 (secs.~*). 
E (Ar- Cale. by Cale. by Keatc. (8) 
Reactant. rhenius). Obs. eqn.(4). eqn.(8). obvs. o X 108, 
C,H,°CH,Cl 19,900 18-5 4770 125 6-8 5-3 
o-CH,'C,H,CH,Cl 19,790 91-7 2180 140 1-5 56 
m- -~. 20,190 24-0 1140 73°6 3-1 5-5 
p- +) 20,390 173 807 52-0 0-4 5-5 
o-NO,C,H,CH,Cl 22,250 ~—- 0-867 405 218 25 6-3 
m- Se 21,780 1-05 86-7 4-76 4°5 6-3 
P- 9 21,990 0-818 62-8 3°37 41 63 
m-CO,H:C,H,°CH,Cl 21,350 3-15 164 8-89 2-8 5-7 
p- ry) 21,560 2-02 116 6-29 3-1 5-7 
o-Br-C,H,-CH,Cl 21,110 3-93 351 127 3-2 6-5 
m- he 21,870 2-45 98-9 3°58 1-5 6-5 
P- 9 21,550 7-62 168 6-08 0-8 6-5 
2: 6-Br,C,H,CH,Cl 22,460 1-19 30-7 1:04 0-9 7-0 
2:4- > 22,490 1-82 29-3 0-99 0-6 7-0 
3: 5- a9 22,450 0-53 30-7 1-04 1-8 7-0 


and water are not very different, so that values for water have 
been used in correcting the Arrhenius #’s; the effect is in all cases 
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to increase this by 3,425 cals. Table III indicates that equation (8) 
predicts rates which are always within a small factor of the observed 
values, the absolute rates varying about 300-fold. The same degree 
of agreement holds, of course, for the results obtained at the higher 
temperature, where the velocities are usually about 200 times 
greater. Only approximate values for the molecular diameters 
have been employed, their magnitudes being given by equation (12) 
or by comparison with the diameters of similarly constituted mole- 
cules. All isomerides are assumed to have the same radii, 7.e., any 
possible steric influence has been ignored in these calculations. 

The reactions which have been discussed proceed at rates which 
can be accounted for in a satisfactory manner on a very simple 
collision mechanism. The greatest disparity is found in the case 
of the hydrolysis of carbonyl sulphide, the molecular diameter of 
which is so small compared with that of the solvent molecule that 
neither collision formula is strictly applicable. There is little to 
choose between equations (4) and (8) as far as harmony with the 
experiment goes, although the scanty evidence available shows 
that the latter equation—that based on Einstein’s treatment of 
the Brownian movement—agrees somewhat better with the facts. 

The velocity coefficients of these reactions at any one temperature 
should be proportional to the viscosity of the medium. Where 
such substances as urea and glycerol have been added, the increase 
in viscosity has, in fact, been attended by an increase in k, but to 
an extent exceeding that demanded by theory. The difficulty is, 
as usual, to effect a change in one property of the solution without 
causing the concomitant adjustment of another. 

All the instances examined so far have been either decompositions 
of very simple molecules or elementary changes in more complex 
molecules; the agreement between calculated and observed velocity 
coefficients has justified our assumption that the rates of activation 
and reaction have been equal. When more complicated chemical 
changes are considered, these two quantities need not be the same. 
For reactions of the true unimolecular type, the rate of activation, 
which still depends, of course, on the number of suitable collisions, 
is often considerably greater than, and does not determine, the 
velocity of reaction. The rate of chemical change is now governed 
by the frequency of interatomic vibrations, and by other factors, 
and cannot be evaluated without a fuller knowledge of the dynamics 
of activated molecules. The immediate problem is to account, on 
a collision mechanism, for a rate of activation great enough to 
sustain a sufficient fraction of the total number of molecules in an 
energised state. This becomes possible if the energy of activation 
is regarded as being distributed between a number of internal 
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degrees of freedom of the reacting molecule. This idea—introduced 
into chemical dynamics by Polanyi (Z. Physik, 1920, 1, 337), who 
calculated that seven such degrees of freedom are required to 
account for the rate of dissociation of bromine molecules—has been 
independently developed and presented in the form of a generalised 
theory by Hinshelwood (Proc. Roy. Soc., 1926, 113, 230) and by 
Fowler and Rideal (ibid., p. 570). On this hypothesis, which has 
received ample confirmation from experiments with gaseous re- 
actions, the rate at which activated molecules are produced by 


collisions is 

dn a _EIR? E yr 1 

a, = Ine “(om po: 8) 
For the kind of reaction with which we are concerned, Zn is the 
total number of collisions between solute and solvent molecules per 
second, and H = £’ + F . RT, where F is one less than the number 
of degrees of freedom involved. If this be equated to the observed 


rate of chemical change 
GQanjai=in i... ww). TIX 


it becomes possible to evaluate the minimum number of degrees of 
freedom which must be concerned in the activation process : 


be rr (H\? 1 F 
k=Z.e (ar) <P stooge od alias 
The values of F thus found for a number of unimolecular reactions 
in solution are given in Table IV. The collision rate used has been 
that given by equation (8). 

The observed critical increment (#, Arrhenius) and the corrected 
value (#’) have been determined by plotting the logarithm of & 
and of k/» respectively against 1/7’. On an average, each of these 
reactions has been investigated at five temperatures over a range 
of 40°, the actual temperatures having varied from 0° to 140°. 
With one or two exceptions, the energy of activation is considered 
to be accurate to within about + 500 cals. The viscosity data 
have been taken from the “ International Critical Tables,” Vol. 7, 
1930. The correction introduced into the critical increment by 
ellowing for the temperature coefficient of the collision frequency 
depends not only on the solvent but also on the temperature at 
which the kinetic measurements were made. The magnitude of 
this viscosity correction (Z’ — EH) varies from 880 cals. for chloro- 
form at 40—70° to 5,680 cals. for acetophenone at 70—140°. The 
numbers in the last column of Table IV are the nearest integers 
which will satisfy equation (15) when the observed velocity 
coefficients are substituted for k; ka, is the value assumed by & 
when this value of F is used in the same equation, 
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TaBLe LV. 
Ke” 
E (Ar- ys “~ — 

Reactant. Solvent. rhenius). EB’. M97 X 10°. Obs. Cale. FP. 

Triethylsulphonium PhNO 28,290 31,340 1094 211x10-* 296x100 4 

bromide C,H, Cl, 30,350 33,180 9-90 219x107" 166x110 6 

CHC) 33,010 33,890 4:50 2-07 x 10-4 984x 10-5 7% 

Prot 33,120 37,600 9-16 153x107 214x10-* 7 

CH,CO,H 31,060 33,820 716 851x107? 543 x10-" 38 

2:4: 6-Trinitrobenzoic H,0 29,970 33,080 469 3-33 x10-* 391x10-* 4 

acid # Ph-COMe 25,450 31,130 10:80 579x10-? 439x10-" 2 

PhNO 34,990 37,120 10-94 407x10- 861x10° 3 

PhCH, 81,600 33,620 380 162x10-* 420x10°% 1 

Camphorcarboxylic Ph-COMe 28,960 32,620 10-80 1:59 x 10-* 2:39x10-* 38 

acid * H,O 29,640 82,690 469 331x10-7 2-:18x 10-7 2 

Trichloroacetic acid ¢ PhNH, 28,350 32,950 15-40 105x10-* 944x10-§ 5 

Acetonedicarboxylic acid® H,O 23,320 27,240 469 5648x107? 205 x 107% 4 

Malonic acid * 7 pe 28,820 31,620 469 141x107? 211x10-7 1 

Allylmalonic acid 7 af 27,970 30,820 469 246x107? 503x107" 1 

Diethylmalonic acid ? i $3,430 36,250 469 200 x 1078 434x10-% 4 

Mesoxalic acid 7 cm 33,700 36,330 4-69 182x10-* 1-33 x10-% 3 

Benzenediazonium * 23,360 27,110 469 3843x10-* 670x110" 3 
chloride * 

o-Toluenediazonium * 23,440 27,310 469 897x110 500x107 8 
chloride * 

m-Toluenediazonium a" 22,800 26,670 469 889x 10 122x10-* 3 
chloride * 

eee is 27,680 31,150 469 6520x10 6551x10~ 5 

oride 
Phenylbenzylmethylallyl- CHCl, 29,960 31,620 450 104x107 1:38x10-* 7 


ammonium bromide ® 

1 yon Halban, Z. physikal. Chem., 1909, 67, 129. 

* Moelwyn-Hughes and Hinshelwood, Proc. Roy. Soc., 1931, 181, A, 186. 

* Fa re tee hysikal. Chem., 1910, 78, 25; also private communication from Professor Freudenberg. 
* Goldschmidt and Briuer, Ber., 1906, 39, 109. 

§ Wiig, J. Physical Chem., 1930, 34, 596; 1928, 32, 961. 

* Pernouilli and Wege, Helv. Chim. Acta, 1919, 2, 511. 

' Knaus, Thesis, Bale, 1923; vide Tables Annuelles, 1928. 

* Cain and Nicoll, J., 1902, 81, 1412. 

* von Halban, Ber., 1908, 41, 2417. 

It will be seen from this table that the velocities of these reactions 
can be accounted for if a small number—from 2 to 8—of internal 
degrees of freedom of the reacting molecules come into play during 
collisional activation. It should, however, be emphasised that these 
may not be the actual numbers involved; they are the minimum 
values which make it possible for the observed rate to be main- 
tained. At the same time, it is not improbable that some of them 
actually represent the numbers of degrees of freedom which are 
operative. The number marked with an asterisk indicates both 
the minimum value of F which will account for the observed rate 
and the value of F which corresponds to the maximum rate of 
activation. In other words, if F were taken as 8, kyajc, would be 
lower than that given in the table. It is a consequence of the 
Hinshelwood—Fowler—Rideal equation that such a maximum should 
exist. Unless the collision term used is very much in error, it can 
therefore be concluded that 8 degrees of freedom (7 +- 1) come into 
play when triethylsulphonium bromide decomposes in chloroform 
solution. Values of F for the gaseous decomposition of simple 
ethers, aldehydes, and triazenes vary from about 2 to 15 (Hinshel- 
wood, loc. cit.; Ramsperger and Leermakers, J. Amer. Chem. Soc., 
1931, 53, 2061). 

E2 
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For reactions of the true unimolecular type, the rate of decom. 
position is entirely independent of the collision frequency, since it 
is clearly impossible in dealing with solutions to attain that low 
total pressure of the system at which both quantities become 
comparable. The decomposition of nitrogen pentoxide would 
appear at first sight to be an example of this kind of behaviour, 
the velocity coefficient and the heat of activation of the gaseous 
reaction being not very different from the corresponding quantities 
for the reaction in carbon tetrachloride solution (Daniels and John- 
ston, J. Amer. Chem. Soc., 1921, 43, 53; Lueck, ibid., 1922, 44, 
757; White and Tolman, ibid., 1925, 47, 1240). If this is the true 
mechanism, it becomes unnecessary to correct the critical increment 
for the change in viscosity of the solvent, but the collision formule 
can still be applied to calculate the total number of encounters 
between nitrogen pentoxide and carbon tetrachloride molecules, 
and the minimum value of F can be determined as before. The 
observed rate of reaction at 60° in this solvent is 3-80 x 10° sec.-1, 
and £# is 25,500 cals. The collision frequency, by equation (8), is 
9-56 x 10%2, if the diameter of the solute molecule be taken as 
6 x 10°° cm. If we now ascribe values of 2 and 3 to F, the cal- 
culated rate of reaction becomes, by equation (15), 1:73 x 10° 
and 9-14 x 10 respectively. There is some doubt as to the correct 
value of F for the gaseous reaction; even by ascribing large values 
to the molecular diameter, F becomes about 14; it would therefore 
appear that the reaction in solution is somewhat simpler than that 
in the gas. A careful examination of the experimental data for 
this reaction in the gas phase and in solution indicates that they 
bear sufficient precision to allow of these two conclusions: (1) The 
reaction in solution is faster than the gaseous reaction by a factor 
of 1-3; (2) the critical increment for the reaction in solution is 800 
cals. greater than H for the gaseous reaction. These results, coupled 
with the fact that # for the same reaction in certain other solvents 
is some 4,000 cals. greater than the value for the gaseous reaction, 
may be taken as evidence that the type of collision in the two 
systems is, as we have assumed above, different. 

Reverting to the values of F given in Table IV, it will be observed 
that for one and the same reaction in different solvents, the minimal 
number of degrees of freedom which must be invoked often varies 
from solvent to solvent. The réle of the solvent in chemical 
kinetics has not yet been definitely correlated with any physical 
properties and seems to belong to the category of specific chemical 
effects, which range from the formation of complexes, on the one 
hand, to an apparently inert or purely diluent influence on the 
other. The suggestion can therefore be made that the varying 
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values of F from solvent to solvent may indicate in a quasi-quan- 
titative manner the extent to which the solvent enters into partner- 
ship with the reactant for purposes of decomposition. This view 
is not inconsistent with the fact that enzymic reactions—in which 
complex formation is fairly well established—apparently involve a 
large number of degrees of freedom (Moelwyn-Hughes, T'rans. 
Faraday Soc., 1929, 25, 503; Haldane, Proc. Roy. Soc., 1931, B, 
108, 559). 

The most interesting feature of the figures given in Table IV, 
however, is that they emphasise an analogy between reactions in 
solution and those in the gaseous phase. Experimental evidence 
for such a parallelism has long been extant in the case of unimole- 
cular reactions, and has been extended recently to cover instances 
of a bimolecular reaction and a more complicated one. 


Summary. 


An extension of Einstein’s relation for the motion of a particle in 
the Brownian movement leads to an equation giving the rate of 
collision between solute and solvent molecules. The equation is 
similar to one deduced by Jowett from a treatment of diffusion, 
with a correction for the persistence of velocity. 

The rates of numerous unimolecular’ reactions in solution in 
various solvents can be accounted for in a satisfactory manner by 
assuming that every collision between a solute and solvent molecule 
which obeys the necessary energy conditions leads to reaction. 

When the reaction is of an elementary character, the critical 
increment is regarded as the lowest value of the total kinetic energy 
in a successful collision. For more complicated reactions, the 
minimal number of internal degrees of freedom required to account 
for a sufficiently rapid rate of activation is evaluated by means of 
the Hinshelwood—Fowler—Rideal equation. These numbers, which 
vary from solvent to solvent, range from 2 to 8, and suggest an 
analogy with gaseous reactions. 

The critical increment used in these calculations is greater than 
the Arrhenius value by a quantity dependent on the temperature 
coefficient of the viscosity of the solvent. 


The author is indebted to Mr. C. N. Hinshelwood, F.R.S., and to 
Mr. J. H. Wolfenden for encouraging him with kindly criticism ; 
and to the Department of Scientific and Industrial Research for 
the award of a Senior Research Scholarship. 


MAGDALEN COLLEGE, OxFORD. [Received, November 13th, 1931.] 














14. The Conversion of d-B-Octyl Chloroformate into 
Dextrorotatory B-Chloro-octane and the Action of 
the Chlorides and Oxychloride of Phosphorus on 
d-8-Octanol. 


By Armanp Henri Josera Hovssa and Henry Parxirs. 


d-8-OotTyL chloroformate, prepared by the interaction of d-B-octanol 
and carbonyl chloride in the presence of one molecular proportion 
of a tertiary base (Hunter, J., 1924, 125, 1391), is a relatively stable 
compound which can be distilled in a vacuum. From its method 
of preparation it can be assumed to have the same configuration as 
d-8-octanol. When gently heated in the presence of pyridine 
(Houssa and Phillips, J., 1929, 2510), it decomposes and yields a 
levorotatory B-chloro-octane, the rotatory power of which compares 
very favourably in magnitude with that of the §-chloro-octane pre- 
pared by other methods, such as, for example, the action of thionyl 
chloride on the d-alcohol in the presence of pyridine (McKenzie and 
Tudhope, J. Biol. Chem., 1924, 62, 551). It has now been found 
that when it is heated alone for some hours at 130°, carbon dioxide 
is evolved, and a dextrorotatory §-chloro-octane is produced with 
some loss of rotatory power. 


eos H Heat C, > cK 9 0,H,N eS me oe 
CH, ea o—C—cl CH, \H 
ai?3* 4.17.52, a2", —31-70°.* 


* Observed rotations in 1 dem. tubes. 


This observation is important in that it is the first recorded instance 
of the preparation of dextrorotatory §-chloro-octane from d-8- 
octanol, the more usual methods of chlorination leading invariably, 
as they do with all other dextrorotatory aliphatic hydroxy-com- 
pounds, to the production of the levorotatory chloride. 

It is suggested that the production of the dextrorotatory chloride 
from the d-chloroformate is unaccompanied by inversion of con- 
figuration for the following reasons. The p-toluenesulphonate of 
d-$-octanol is converted into the acetate of l-8-octanol by interaction 
with potassium acetate (Phillips, J., 1925, 127, 2552), whilst the 
p-toluenesulphinate of d-f-octanol yields /-6-octanol with hypo- 
chlorous acid (Houssa, Kenyon, and Phillips, J., 1929, 1700). Both 
these reactions occur with inversion of configuration. By analogous 
reactions, namely, the action of lithium chloride on the d-sulphonate 
and of chlorine on the d-sulphinate, levorotatory $-chloro-octane is 
produced. On the assumption that inversion occurs also during 
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these reactions, levorotatory $-chloro-octane has the same configur- 
ation as /-8-octanol and therefore §-chloro-octane is produced with- 
out inversion by heating the chloroformate. 

According to the views developed in this series of papers (Kenyon 
and Phillips, T'rans. Faraday Soc., 1930, 26,415; Kenyon, Lipscomb, 
and Phillips, J., 1930, 451) the cause of the production of 8-chloro- 
octanes opposite in sign of rotation from d-$-octyl chloroformate, 
by the two methods employed, is a fundamental difference in the 
mechanisms of the two reactions. It is assumed that, during the 
decomposition in the absence of pyridine, the octet of the asymmetric 
carbon atom remains intact and it possesses, in the $-chloro-octane 
produced, the same eight valency electrons as it had in the original 
chloroformate. If, at any stage of the decomposition, the optically 
active radical becomes free, it must therefore exist as an anion which 
subsequently unites with a chlorine kation : 





: meer 
CH,“ _ O-C-NC,H, CH,“ O-C-Cl 
Cl " 
CH. . i 0 
My O-+Cl 
CH,“ 


On the other hand, when the decomposition occurs in the presence 
of pyridine, a pyridinium chloride is presumably produced and the 
entering chloro-group takes part in further reaction as an anion, 
replacing two of the valency electrons of the optically active radical, 
which must therefore take part in this reaction in the kationic state. 
An explanation of the occurrence of inversion under these circum- 
stances has been suggested (Kenyon and Phillips, loc. cit.). On 
these assumptions, since d-f-octyl chlorosulphinate (I), the unstable 
intermediate phase in the chlorination of d-f-octanol with thionyl 
chloride (Levene and Mikeska, J. Biol. Chem., 1924, 59, 45), de- 
composes with inversion, it can be concluded that the substitution 
of the more negative sulphoxyl group for the ketonic group of the 
chloroformate militates against the separation of the d-$-octyl 
radical as an anion. The electron-retaining capacity of the asym- 
metric carbon atom can, however, be increased by replacing the 
n-hexyl group of (I) by a phenyl group as in (II): decomposition 
then again leads to the formation of a chloride without inversion 
(Kenyon, Phillips, and Taylor, J., 1931, 382) : 

H 


C,H 0,H : 
1) SK 0 , Seg ? (II.) 
cH,’ \o—$—cl CH O—S—Cl 

+ + 


3 


The introduction of the conception of an optically active radical 
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which takes part in a reaction as an anion and thereby suffers no 
configurative change necessitates the confirmation of certain con- 
clusions drawn from previous experimental results (Houssa and 
Phillips, loc. cit.). It was suggested that the formation of d-8- 
octyl acetate by the action of d-$-octyl chloroformate on potassium 
acetate proved that the intermediate mixed anhydride (IIT) de- 
composed as indicated by the larger broken square and not as 
indicated by the smaller continuous square. 


H 
ER ak “aaa w tings “A aan 
a) o- bof on, Ms c 


On the more recently extended hypothesis, if the optically active 
8-octyl radical separates as a negative ion and retains its octet of 
valency electrons, a dextrorotatory $-octyl acetate may result in 
spite of the removal of the octoxy-oxygen atom as indicated by the 
smaller continuous square. More substantial evidence for the 
correctness of the original interpretation, viz., that decomposition 
occurs as indicated by the larger broken square, has, however, been 
provided by an investigation of the interaction of d-$-octyl chloro- 
formate and potassium thioacetate [ethanethiolate]. This inter- 
action presumably proceeds via the mixed anhydride (IV) and 
decomposition occurs as indicated by the broken square, since 
carbon oxysulphide and d-8-octyl acetate are the products of the 
change: if decomposition had occurred by the alternative route, 
carbon dioxide and $-octyl thioacetate would have been produced. 

The sign of rotation of the §-chloro-octane obtained by the 
action of the chlorides and oxychloride of phosphorus on d-f-octanol 
has not hitherto been recorded. With all three chlorinating agents, 
a levorotatory $-chloro-octane was obtained, in greater yield but 
with a lower rotatory power in the presence of zinc chloride than in 
its absence. The rotatory power of the $-chloro-octane was highest 
when the trichloride was used and lowest with the oxychloride. In 
the presence of pyridine, only the pentachloride gave an appreciable 
quantity of levorotatory $-chloro-octane. The main products of 
these reactions, isolated after being washed with water, were 
f-octyl esters of the oxy-acids of phosphorus: the trichloride gave 
mainly di-$-octyl hydrogen phosphite, together with a little 8-octyl 
dihydrogen phosphite, and the pentachloride and the oxychloride 
gave mainly §-octyl dihydrogen phosphate, together with a little 
di-8-octyl hydrogen phosphate. 

By the preparation of levorotatory $-chloro-octane by means of 
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the chlorides and oxychloride of phosphorus, as described, the 
number of reactions by which d-f-octanol has been converted into 
its levorotatory chloride has been increased to thirteen; twelve of 
these reactions have already been referred to in this paper, the 
remaining one being by the action of hydrogen chloride (Pickard 
and Kenyon, J., 1911, 99, 45). 


EXPERIMENTAL. 

The Conversion of d-8-Octyl Chloroformate into Dexirorotatory 
§-Chloro-octane.—A steady evolution of carbon dioxide occurred 
when d-$-octyl chloroformate [1-5 g., afi, + 7:13° (1 = 0-25)] was 
heated at 130° for 14 hours, The product, b. p. 55—56°/10—11 mm., 
dextrorotatory $-chloro-octane * (Found : Cl, 23-5. Calc., 23-9%), 
had nf" 1-4273 and asin + 439° (J = 0-25). 

The Action of Potassium Thioacetate on d-8-Octyl Chloroformate.— 
When d-8-octyl chloroformate (9-6 g.; 1 mol.) was added to 
potassium thioacetate (5-7 g.; 1 mol.), a gas was evolved which 
dissolved in potassium hydroxide solution, giving rise to potassium 
sulphide. After the mixture had been heated under reflux on a 
steam-bath for 12 hours, it was triturated with dry ether. The 
high-boiling residue from this ethereal extract distilled almost 
entirely (5-3 g.) at 80—85°/15 mm. After redistillation, b. p. 77— 
78°/10 mm., it had nj}* 1-4186 and «§° — 1-78° (1 = 0-25) [Found : 
C, 70-5; H, 11-8. Cale. for Cyp9H 0, (f-octyl acetate): C, 69-9; 
H, 11-6%]. To ensure that this product was almost pure §-octyl 
acetate and was free from any unforeseen products, it was partially 
hydrolysed with alcoholic potassium hydroxide. The /-f-octanol 
was separated from the unhydrolysed ester by conversion into its 
acid phthalic ester, which was dissolved in sodium carbonate solution. 
On isolation, this /-6-octyl hydrogen phthalate had [«]ff,, — 54-6° 
and was therefore optically pure. The unhydrolysed acetate had 
b. p. 73—75°/10 mm., njj” 1-4178, and «ff, — 1-43° (1 = 0-25) (Found : 
C, 69-1; H, 11-4%). It contained a trace of chlorine. From these 
results it can be concluded that /-8-octyl acetate was the main 
product of the reaction and that no racemisation of the 1-$-octyl 
radical had occurred. 

The Interaction of Phosphorus Trichloride with d-B-Octanol.— 
(a) In the presence of ether. A vigorous evolution of hydrogen 
chloride occurred when d-f-octanol [2-8 g., «2, + 9-88° (1 = 1-0)], 
dissolved in anhydrous ether (2 vols.), was slowly dropped into an 
ice-cold ethereal solution of phosphorus trichloride (2-95 g.). The 
mixture was gently warmed until the evolution ceased and was then 


* This and other f-chloro-octanes prepared in the investigation were 
repeatedly distilled, first and last fractions being rejected, until their rotatory 
powers remained unaltered. 











112 HOUSSA AND PHILLIPS: CONVERSION OF d-f-OCTYL CHLORO- 


cooled and poured on ice. The ethereal solution was washed with 
water and with dilute aqueous sodium carbonate. From the dried 
solution levo-$-chloro-octane, b. p. 60°/12 mm., nf’ 1-4302, a%,, 
— 85-6° (l = 1-0), was obtained. 

(b) In the presence of ether and zinc chloride. A slow evolution of 
hydrogen chloride occurred when d-f-octanol [2-8 g., «3%, + 9-88° 
(1 = 1-0)], dissolved in anhydrous ether (1 vol.), was slowly added 
to an ethereal solution of phosphorus trichloride (2-95 g.) covering 
anhydrous zine chloride (3-0 g.). After treatment as in (a), the 
ethereal solution gave levo-f-chloro-octane, b. p. 60°/12 mm., nf 
1-4275, a3, — 23-15° (1 = 1-0). 

(c) In the presence of ether and. pyridine. d-$-Octanol [6-5 g. 
(0-05 mol.), «2;, +- 9-60° (J = 1-0)], in anhydrous ether (2 vols.), was 
added to dry pyridine (7-9 g.; 0-1 mol.), and the mixture dropped 
slowly into an ethereal solution of phosphorus trichloride (6-8 g.; 
0-05 mol.) in an ice-bath. The reaction mixture was then warmed 
on a steam-bath for 10 minutes, cooled, and poured on ice. The 
ethereal extract was washed successively with dilute sodium 
carbonate solution, water, dilute hydrochloric acid, and water, and 
dried over potassium carbonate. The washings remained clear as 
long as they contained excess of sodium carbonate, but when 
they were acidified an oil was precipitated : this acid product was 
extracted, washed, and dried (anhydrous sodium sulphate) in ether. 
The neutral product, on removal of the solvent, when distilled at 
less than 0-1 mm. yielded only a trace of unchanged $-octanol and 
no $-chloro-octane : the less volatile neutral residue (3-5 g.) had b. p. 
116—118° under less than 0-1 mm., n}§" 1-4379, «%;, + 18-84°, a, 
-+ 31-40° (1 = 1-0), dj: 0-9292, di?" 0-9218 (Found : C, 62-1; H, 11-55; 
P, 9-5, 9-5. Di-B-octyl hydrogen phosphite, C,,H;,0,P, requires C, 
62-7; H, 11-4; P, 10:1%). The acid product failed to distil at 
150° under less than 0-1 mm. and decomposed above this temper- 
ature: a sample, after being maintained for some time at 60—70° 
under less than 0-1 mm. in order to remove volatile impurities, 
contained 10-8%, of phosphorus and had an equivalent (by titration 
with N/10-sodium hydroxide and phenolphthalein) of 191. These 
results suggest that the acid product was a mixture of §-octyl 
dihydrogen phosphite and di-$-octyl hydrogen phosphite. 

The Interaction of Phosphorus Pentachloride and d-8-Octanol.— 
(a) In the presence of ether. d-8-Octanol [6-5 g., a%. + 9-62° 
(¢ = 1-0)] in ether (10 c.c.) was slowly added to a boiling solution 
of phosphorus pentachloride (11-5 g.) in ether (20 ¢.c.). After the 
evolution of hydrogen chloride had ceased, the mixture was heated 
under reflux for 15 minutes, cooled, and poured onice. The ethereal 
extract was washed and -dried with potassium carbonate. On 
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removal of the solvent, lavo-f-chloro-octane (3 g.), b. p. 68°/21 mm., 
at, — 33-84° (1 = 1-0), nif* 1-4276, was obtained. Asmall quantity 
of octylene (0-5 g.) was also isolated, but no other product. These 
products represent a yield of 40%, of levo-8-chloro-octane and 
5%, of octylene calculated on the original £-octanol. 

(b) Jn the presence of ether and zinc chloride. A slow evolution of 
hydrogen chloride resulted when d-f-octanol [6-5 g., a2, -+- 9-62° 
(J = 1-0)] in anhydrous ether (1 vol.) was added to a solution of 
phosphorus pentachloride (10-5 g.) in ether (20 ¢.c.) covering zine 
chloride (6-8 g.), the whole being maintained at 50°. After } hour, 
the reaction had subsided and the mixture was cooled and poured 
on ice. The ethereal layer was washed and dried as previously 
described; from it, a trace of octylene and isvo-f-chloro-octane 
(4:75 g.; 65% yield), b. p. 67—68°/22 mm., «ff, — 15-04° (1 = 1-0), 
n* 1-4267, were obtained. 

(c) In the presence of ether and pyridine. A mixture of d-8-octanol 
(6-5 g. (0-05 mol.), aj, + 962° (1 = 1-0)] and pyridine (7-9 g.; 
0-10 mol.) in ether (20 c.c.) was slowly added to phosphorus penta- 
chloride (10-5 g.; 0-05 mol.) in ether, the whole being maintained at 
0°. After being heated under reflux for 30 minutes, the reaction 
mixture was cooled, poured on ice, and treated in the way described 
under phosphorus trichloride (c). The washings, on addition of 
excess of hydrochloric acid, yielded an acid product as an oil, which 
was extracted, washed, and dried in ether. The neutral product 
yielded on fractional distillation impure £-chloro-octane, b. p. 
60—70° /24 mm., and a viscous liquid which did not distil at 125° 
under less than 0-1 mm. and decomposed above this temperature. 
The levo-f-chloro-octane, when freed by distillation from a small 
quantity of octylene, had b. p. 69—70°/23—24 mm., az,, — 34-86° 
(J = 1-0), ni 1-4265. . 

Another experiment, performed in the same manner with d-8- 
octanol [9°75 g., a3, -+- 4-0° (1 = 1-0)], yielded similar products : 
the undistillable residue (4-5 g.) was a light yellow oil, «33, + 4-68° 
(i= 1-0). Analytical results obtained with a sample of this product 
which had been heated at 140°/22 mm. gave no definite information, 
but suggest that the product is a mixture of di-f-octyl hydrogen 
phosphate with a little mono-3-octyl dihydrogen phosphate. 

The acid product (above) was dissolved in dilute sodium hydroxide 
solution, non-acid compounds were extracted with ether, and the 
aqueous liquid was acidified with hydrochloric acid. The pre- 
cipitated oil was extracted and dried (sodium sulphate) in ether, 
recovered, and heated for 2 hours in a steam-oven and then kept 
for 24 hours ina vacuum. The product (3-1 g.) eventually set to a 
semi-solid mass (Found: C, 45-8; H, 89; P, 14:4. Cale. for 
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di-8-octyl hydrogen phosphate, C,,H,,0,P: C, 596; H, 10-9; 
P, 96%. Cale. for mono-f-octyl dihydrogen phosphate, C,H,,0,P : 
C, 45-1; H, 9-0; P, 14-8%). The product was therefore probably 
a mixture of these two esters, the latter predominating. This 
conclusion was confirmed by a titration curve obtained conducto- 
metrically by Dr. C. W. Davies, who further reported that the 
product probably consisted of a mixture of 15° of a monobasic 
acid, equivalent 322, and 85%, of a dibasic acid, equivalent 105, 
giving an apparent equivalent of 138. 

The Interaction of Phosphorus Oxychloride with d-8-Octanol.— 
(a) In the presence of ether. A vigorous evolution of hydrogen 
chloride resulted on the addition of d-8-octanol [2-8 g., «%%;, + 9-64° 
(1 = 1-0)] in ether (1 vol.) to an ethereal solution of phosphorus 
oxychloride (3-3 g.) maintained at 0°. The levo-$-chloro-octane 
(1 g.; 30% yield) had b. p. 58—60°/12 mm., «%;, — 12-77° (1 = 1-0), 
nis 1-4291. 

(b) In the presence of ether and zinc chloride. A solution of 
d-8-octanol [2-8 g., «2%, -+- 9-64° (1 = 1-0)] in ether was added to 
phosphorus oxychloride (3-3 g.) in ether, covering zinc chloride 
(3-0 g.). The sole product, except a trace of octylene, was levo-£- 
chloro-octane (2:3 g.; 70% yield), b. p. 66—-67°/23 mm., a, 
— 3-49° (1 = 1-0), nF 1-4293. 

(c) In the presence of ether and pyridine. A mixture of d-$-octanol 
(6-5 g. (0-05 mol.), «2, + 9-16° (l = 1-0)] and pyridine (7-9 g.; 
0-10 mol.) in ether was slowly added to an ethereal solution of 
phosphorus oxychloride (7-6 g.; 0-05 mol.) at 0°. After 30 minutes’ 
heating under reflux on a steam-bath, the products were isolated as 
described in previous experiments. Only a trace of §-chloro- 
octane was produced, the main products being a neutral phosphoric 
ester, which could not be distilled and therefore was not analysed, 
and a mixture of acid phosphoric esters. 0-2538 G. of this mixture 
(Found: P, 137%) required 0-0381 g. of sodium hydroxide for 
neutralisation (methyl-orange) and a further 0-0376 g. (phenol- 
phthalein). These results suggest that the mixture consists of 
81% of 8-octyl dihydrogen phosphate and 19%, of di-8-octyl hydrogen 
phosphate. 


“In conclusion, the authors wish to thank Miss E. K. Waller, B.Sc., 
for assistance in some of the experiments with the chlorides and 
oxychloride of phosphorus, and Dr. J. Kenyon for his interest in the 
investigation. They are also indebted to the Government Grant 
Committee of the Royal Society and to Imperial Chemical 
Industries, Ltd., for grants which have defrayed much of the cost. 


BATTERSEA POLYTECHNIC. . [Received, October 29th, 1931.] 











— i oh 


~ +, DS &S FF cf 


Sa f es 242A RO ee OS OOOO em Onl lv, CUS. COD 


e 





oly 
his 
[O- 
he 
sic 
5, 


— or OE ee SY 














INVESTIGATIONS OF THE OLEFINIC ACIDS. PART VI. 115 


15. Investigations of the Olefinic Acids. Part VI. 
Lactonisation and Allied Additive Reactions. Part 
I. The System aB-Acid—By-Acid-y-Lactone. 


By Reoaratp Patrick LINSTEAD. 


PREVIOUS communications in this series have dealt mainly with the 
tautomeric changes of unsaturated acids. A study is now being 
made of another very interesting reaction of these substances, their 
lactonisation. This has hitherto only been generally observed for 
acids with the double bond in the Sy- or y8-position with respect 
to the carboxyl group and is here regarded as involving a process 
of self-addition, in which the portions of the carboxyl group, H 
and R-CO-O, become attached to the unsaturated centre. A con- 
nexion may be looked for between addition of this type and that of 
such similar groups as hydrogen halide, a reaction which has 
recently been the subject of theoretical study by Ingold and 
others. 

These heterogeneous additions may be affected both in velocity 
and in orientation by the nature of the unsaturated molecule. The 
double bond being regarded as an anionoid centre (Lapworth, 
Nature, 1925, 115, 625; Allan, Oxford, Robinson, and Smith, J., 
1926, 401), and hydrogen halide as normally initiating its attack 
by means of its more active kationic component, addition will 
proceed most readily in the direction such that hydrogen is added 
to the more negative or potentially negative carbon atom (Ingold 
and Ingold, J., 1931, 2354). In unsaturated acid systems this will 
be the simple controlling factor and steric effects may be expected 
to exercise a minor influence. Moreover, in unsaturated acids 
other than those with an «$-double bond, orientation of addition 
will be mainly determined by permanent (inductive) molecular 
polarisations and hence may be expected to be largely independent 
of the nature of the active addendum, whether polarised molecule 
or free ions. 

In lactonisation no such simple effect is present: the polar 
activation of the double bond will certainly act in the same way 
and will be altered by the same factors, but a number of other 
influences must come into play. Addition will be largely deter- 
mined both in ease and in orientation by the stability of the lactone 
ring and by the ease of approach of the two active centres, A 
combination of these factors accounts, for example, for the com- 
parative ease of formation of y- and 8-lactones. As regards the 
“approach factor,” as Mills (Reports Inst. Solvay, 1930, p. 23) 
has pointed out in a similar connexion, self-addition may be expected 
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to be more ready when the carboxyl group is adjacent to the double 
bond and hence to be favoured in those compounds the molecules 
of which (viewed statistically) deviate most under the conditions 
of reaction from the normal zig-zag configuration or, alternatively, 
are mostly in a bent condition. Other (probably minor) factors 
which may affect lactonisation are the variation in activity of the 
carboxyl group with substitution and the influence of valency 
deflexion and the steric impedance of bulky groups on the approach 
of the reacting centres. 

In this series of investigations it is hoped to throw light on the 
relative importance of these factors. The present paper deals with 
a critical study of the classical work on the lactonisation of «®- and 
Py-acids. 

The general relationship between fy-acids and y-lactones was 
mainly established by Fittig and his school during the period 
1880—1894. In 1883 (Ber., 16, 373) it was shown that certain 
unsaturated acids could be converted into lactones by boiling 50% 
sulphuric acid, and later (Ber., 1893, 26, 40; Amnnalen, 1894, 283, 
47) it was emphasised that this was confined to By-acids and to 
allylacetic acid (the one y8-acid then known) but that «$-acids 
were completely unchanged by such treatment. As is well known, 
Fittig applied this difference in reactivity to the analysis of mixtures 
of «f- and #y-acids and maintained its rigidity in a strongly worded 
statement [loc. cit. (1894), p. 53], although little definite experi- 
mental support was adduced. Later workers have shown that in 
systems containing a chain branched at the $-carbon atom the 
a«f-acids readily yield y-lactones on treatment with hot 50%, sulphuric 
acid (Fichter and collaborators, Ber., 1909, 42, 4707, 4710; Blaise 
and Luttringer, Compt. rend., 1905, 140, 148; Kon and Linstead, 
J., 1925, 127, 616) and it has been concluded that such acids pro- 
vide an exception to the general rule (compare Willstatter and Hatt, 
Annalen, 1918, 418, 148). 

In the present work it is shown that all acid—lactone systems of 
this kind can be interpreted in one general scheme : 


~cH-(=¢-CO-0H == -(=¢-CH-co-0n > -(-dn-dn 
aB-Acid b By-Acid O CO 
y-Lactone 





Fittig’s observations are shown to be incorrect, simple «f-acids 
such as he used giving appreciable quantities of lactone under his 
experimental conditions. The variations between different systems 
can be attributed to differences in the ratio of the velocity of the 
tautomerie change (a and b) to that of ring closure (c). Three, 
possibly four, types of acid can be distinguished : 
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(i) Those in which both changes are slow but lactonisation is 
much faster than tautomeric change (acids with one y-alkyl and no 
6-alkyl substituent). 

(ii) Those in which lactonisation is fast and tautomeric change 
slow (acids with two y-alkyl substituents). 

(iii) Those in which tautomeric change is faster than lactonisation 
(acids with one y- and one §-substituent). 

(iv) (?) Those in which tautomeric change is fast and irreversible 
in the direction py -—> «6, no lactonisation being possible (acids 
without y-substituents). 

Lactonisation (c) has been formulated above as irreversible. 
Careful search has as yet given no definite evidence of the formation 
of By-acid from a simple lactone by treatment with sulphuric acid 
or by prolonged heating. It is of interest, however, that such a 
reaction is possible in more complicated systems such as lactonic 
acids of the paraconic type; for instance, pyrolysis of terebic acid 
gives a considerable quantity of teraconic acid (Fittig and Geisler, 
Annalen, 1881, 208, 37; Goldberg and Linstead, J., 1928, 2343). 

The experimental section describes the cyclisation of «f- and 
py-acids of the n- and iso-hexenoic series (I, II, III, IV) into n- 
and iso-hexolactones (V, VI) respectively. 


CH,Et-CH:CH‘COOH CHEtiCH-CH,CO-OH CHEt-CH,'CH,CO 
a) 





(I.) (II.) (V.) 
CHMe,°CH:CH-CO-OH CMe,:CH-CH,°CO-OH ee Neer teens 
: fa) 





(III.) (IV.) (VI.) 


The methods used for the analysis and separation of mixtures of 
acids and lactone are there fully described. 

The n-hexenoic acids serve as an example of type (i). The solid 
Py-acid (II) of m. p. 12° (Boxer and Linstead, J., 1931, 740) is very 
rapidly changed by boiling 50°% sulphuric acid (Fittig’s method) 
into the lactone (V), characterised by its conversion by ammonia 
into the y-hydroxy-amide (VII) of m. p. 74—75°. Fittig and 


CHEt(OH)-CH,°CH,"CO-NH, § CMe,(OH)-CH,’CH,°CO-NH, 
(VII.) (VIII.) 
Dubois (Annalen, 1890, 256, 152) obtained the same derivative 
(m. p. 74°) from a lactone prepared from hydrosorbic acid. At 
room temperature, sulphuric acid of this concentration has little 
effect on the Py-acid, but 60% acid is completely miscible with it 
and lactonisation is fairly rapid (half-change, about 4 hours). The 
«8-isomeride (I) is completely unaffected by cold 60% acid, but 
boiling 50% acid rapidly produces the y-lactone (V) identical with 
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that formed directly from the y-acid and yielding the same 
y-hydroxy-amide (VII). Lactonisation is almost complete in an 
hour (half-change, about 25 minutes), while in the time generally 
used by Fittig the lactone formed amounts to about 11% of the 
initial material.* On protracted boiling alone, neither the «- 
nor the fy-acid yields any perceptible quantity of lactone. These 
results show that, as regards the «$-acid, tautomeric change into 
the @y-isomeride precedes lactonisation and, as the slower reaction, 
is that which determines the velocity of the ring formation. In 
the cold, no tautomerism occurs and there is no lactonisation of the 
af-acid under conditions under which the Sy-acid lactonises. 

The isohexenoic acids belong to type (ii) and differ from the 
n-acids in the extraordinary ease of lactonisation of the py-isomeride, 
pyroterebic acid (IV). Fittig and Geisler (loc. cit.) observed that 
this acid passed almost completely into the y-lactone (VI) on being 
boiled alone for an hour, and this result has been confirmed, the 
change being not quite complete in 34 hours. Other yy-dialkyl 
Py-unsaturated acids show a similar ease of lactone formation (von 
Braun and Miinch, Annalen, 1928, 465, 52) and it is clear that this 
is connected with molecular substitution but is independent of the 
nature of the specific process used to effect lactonisation. In agree- 
ment with this, in the present work it is shown that pyroterebic 
acid is almost completely lactonised by 15 minutes’ treatment in 
the cold with 50% or 60% sulphuric acid. The lactone formed is 
in every way identical with that produced by the action of heat on 
terebic acid or on pyroterebic acid. It melts at 8—9° and yields 
the same hydroxy-amide, m. p. 101° (compare Strém, J. pr. Chem., 
1893, 47, 220, who gives m. p. 101°).t This difference between the 
Py-acids of the n- and iso-series is most striking and can be illus- 
trated by a simple comparative experiment. A small amount of 
the acid is allowed to stand for 15 minutes with 5 volumes of 60% 
sulphuric acid. When the solution is poured into ice and water 
and, if necessary, saturated with ammonium sulphate, an oil 
separates which rapidly solidifies ; the solid obtained from n-hexenoic 
acid is the unchanged acid, that from the iso-acid is the lactone. 

The introduction of the second y-alkyl group thus produces a 


* Similar results have since been obtained by Mr. E. J. Boorman in col- 
laboration with the author, working with A*-pentenoic acid, which is rapidly 
lactonised by boiling 50% sulphuric acid, contrary to Fittig and McKenzie’s 
statement (Annalen, 1894, 283, 86). 

+t The fact that this lactone gives an amide is contrary to the generalisations 
of H. Meyer (Monatsh., 1899, 20, 717), who states that lactones containing 4 
quaternary y-carbon atom yield lactams, not hydroxy-amides, on treatment 
with ammonia. It seems certain that in this respect Meyer’s rules are based 
on insufficient data. 
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marked effect on lactonisation in agreement with that required on 
the assumption of kationic attack in the 8-position. As, however, 
the part played by the “ approach ” factor is as yet obscure, it is 
proposed to withhold further comment on this point. 

Unlike the @y-acid, As-isohexenoic acid (III) is lactonised with 
but little more readiness than is A*-n-hexenoic acid. With cold 
60°, sulphuric acid, lactonisation is inappreciable, while under 
Fittig’s conditions the change is virtually complete in an hour, 
with a half-change period of about 25 minutes, the lactone produced 
being identical with that obtained from the #y-acid. This is in 
agreement with the hypothesis that the tautomeric change is slower 
than and precedes the formation of lactone. The tautomeric 
mobilities of the two series would be expected to be of the same 
order and the greater facility for ring formation of the iso-Py-acid 
would make no appreciable difference. 

It has been observed (Linstead, J., 1930, 1603) that «®- and 
fy-unsaturated acids pass slowly into equilibrium mixtures at or 
near their boiling points. Further, A*-isohexenoic acid passes 
rapidly and irreversibly on boiling into the y-lactone. It was 
therefore to be expected that As-isohexenoic acid would be lacton- 
ised slowly and irreversibly on boiling. This has been realised 
experimentally, the solid y-lactone (m. p. 8—9°) being obtained. 
The change is so slow that side reactions intervene to some extent, 
but after 6 days’ boiling the purified product contains 63% of the 
y-lactone. 

No new experimental work is here presented as to the behaviour 
of the two other types (iii) and (iv), but the major differences from 
the types discussed above are indicated by means of data already 
recorded. For instance, «$-acids of the $6-dialkylacrylic series are 
lactonised by boiling 50°% sulphuric acid as fast as are their Py- 
isomerides (locc. cit.). Mr. J. M. Wright, working in collaboration 
with the author, has recently found that trans-8-methyl-f-ethyl- 
acrylic acid is lactonised in the cold by 60% sulphuric acid at 
roughly the same rate as is the corresponding Sy-unsaturated acid. 
It is necessary to assume here that the tautomeric change is 
unusually facile (type iii). As regards type (iv), it would appear 
from the work of Fichter and Sonneborn (Ber., 1902, 35, 938) 
that vinylacetic acid, the simplest fy-acid, yields no lactone but 
only the «f-acid (crotonic) on treatment with sulphuric acid, sug- 
gesting a definite abnormality. Examples of both these types are 
now under study and further comment may therefore be reserved. 

The fact that lactonisation can occur in pure dry Py-acid in the 
absence of reagent (e.g., in the acid IV) shows that self-addition is a 
simple process and makes it unnecessary at present, in the absence 
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of any positive evidence, to assume the operation of a more com- 
plicated mechanism in the sulphuric acid reaction. It might be 
supposed that y-hydroxy-acids are first formed from the Py-acids 
and then lose water to give the lactones, but this explanation fails 
to account satisfactorily for the large difference between the n- 
and iso-hexenoic series; for it has been shown by Hjelt (Ber., 1891, 
24, 1236) that lactones are formed from the y-hydroxy-n- and -iso- 
hexoic acids at very similar rates. As some doubt existed as to 
the purity of Hjelt’s n-hexolactone (which might have been 
prepared from “ hydrosorbic acid ’’), these experiments were repeated 
with lactone prepared from “ solid ” A’-n-hexenoic acid, and gave 
results in substantial agreement with those of Hjelt. 

It has been stated that all the «f-acids yet examined, except 
those of type (iv), readily yield y-lactones on being boiled with 
50%, sulphuric acid. This change indicates a general method for 
the preparation of these substances, which should be preferable to 
any at present available, in those cases where the «-acids are easily 
accessible. For example, in the present work, y-n-hexolactone was 
obtained in 65% yield from butaldehyde in two simple operations. 
The value of the original method of Fittig for the analysis of «f- 
fy-mixtures is destroyed by these new results. On the other hand, 
if such mixtures are treated with 60% sulphuric acid in the cold 
for a convenient time, the fy-acid is lactonised almost quantitatively, 
and analysis of the acid—lactone content gives the «@—$y-ratio in the 
original sample. By means of this method results have been 
obtained in good agreement with those obtained by iodometric 
analysis, but its applicability is obviously limited to acids of types 
(i) and (ii). Similarly, cold 60% sulphuric acid may be used for 
freeing «f-acids of these types from small amounts of their isomerides. 

The present reinvestigation of the isohexenoic acids has explained 
a puzzling discrepancy with regard to the equilibrium of the 3-carbon 
tautomeric system (III == IV) in alkali. For these acids, Gold- 
berg and Linstead (loc. cit.) found the following mean iodine addi- 
tions: af-, 18%; Py, 734%; equilibrium mixture, 71-3%, giving 
a value of 95% fy-acid at equilibrium. More recently Linstead 
and Mann (J., 1930, 2064) made the corresponding determinations 
for the homologous acids 


CMeEt:CH-CH,-CO,H —= CHMeEt-CH:CH-CO,H 


which gave iodine additions: a8, 0-5%; Sy, 94%; equilibrium 
mixture, 77°%,, corresponding to 77% fy-acid. This difference in 
the point of equilibrium is unexpected, as the nature of a y-alkyl 
group generally has no effect on a three-carbon equilibrium. 

It is now found that pyroterebic acid as usually prepared either 
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from terebic or At-isohexenoic acid is always contaminated with 
the y-lactone even after purification through bicarbonate solution. 
This contamination is due partly to physical dissolution of the 
lactone in the aqueous solution and partly to the lactonisation of 
the acid on liberation from the solution of its salt by mineral acid. 
Both these disadvantages can be avoided by careful work and 
pyroterebic acid has now been obtained almost free from lactone. 
This material gives iodine additions both before and after equili- 
bration in striking agreement with those found for the higher 
homologues : 


Mean % Iodine Addition to Lactone-free Material. 
yy-Dimethyl series. y-Methyl-y-ethyl series. 


SEINE snovcncosoteyscsensseces 0-6 0-5 
By-Acid from 
paraconic acid ............ 95-5 95-8 
equilibrium mixture ...... 94-4 93-9 
Equilibrium mixture 
from aP-acid .........00606- 75-4 75-9 
from By-acid .........+0000. 78-7 78-3 


The true position of equilibrium is precisely that found for the 
methyl ethyl series, namely 22—23% «§-acid. 

Solidification and the determination of melting points at low 
temperatures is of considerable value for the estimation of the 
purity of unsaturated acids and lactones generally, and many 
simple substances of these types have now been obtained solid for 
the first time. A marked tendency to supercooling often prevents 
their solidification in ordinary freezing mixtures, although their 
melting points may be reasonably high. Of the substances relevant 
to the present paper, pure pyroterebic acid readily solidifies in solid 
carbon dioxide—ether to a mass of shining white leaflets, resembling 
solid A®-n-hexenoic acid in appearance and melting at — 4-5° (corr.). 
Solid At-isohexenoic acid has m. p. — 22° (corr.), but n-hexolactone 
remains liquid at — 78°. 


EXPERIMENTAL. 


(Recorded densities and refractive indices are for d2" and n*" 
respectively. Concentrations of sulphuric acid are expressed as 
volume percentages throughout.) 

Analysis and Separation of Mixtures of Acids and Lactones.—The 
free acid was determined by direct titration in aqueous alcoholic 
solution with N/10-baryta. A known excess of the baryta was 
then added, and the solution heated for 10 minutes on the steam- 
bath under a reflux condenser fitted with a soda-lime tube. The 
excess of baryta in the cooled solution was determined by back- 
titration with N/10-sulphuric acid. The results obtained are 
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expressed below as °% reactions (to the nearest 4%), the equivalent 
for the acids and lactones being assumed to be 114-1. For separ. 
ation, mixtures were dissolved in saturated sodium bicarbonate 
solution and the lactone was thoroughly extracted with ether. The 
acids were recovered from the bicarbonate solution by cautious 
acidification (to Congo-red) at 0° and were immediately extracted 
with ether. The acids and lactone were then recovered and dried 
in the usual way, the samples being finally left over calcium chloride 
and paraffin wax in a vacuum desiccator. Iodine additions (J) of 
acid mixtures were determined by the method of Linstead and 
May (J., 1927, 2565), a 10-minute reaction being used for the n- 
acids and a 5-minute reaction for the iso-acids, and a temperature 
of 20° (Linstead and Mann, J., 1931, 723). 


n-Hexenoic Acids. 


The acids (I and II), prepared by the methods of Boxer and 
Linstead (lec. cit.), melted sharply at 33° and 12° respectively. 

Action of Sulphuric Acid on the By-Acid.—(1) Hot 50% acid 
(compare Fittig, loc. cit., 1894). The hexenoic acid (10 g.) and 
50 c.c. of 50% sulphuric acid were heated as rapidly as possible 
to the boiling point and the homogeneous solution was kept boiling 
under reflux for 5 minutes. The mixture was cooled somewhat, 
diluted with 100 c.c. of water, and again boiled for 10 minutes, 
The cold solution was saturated with ammonium sulphate and 
thoroughly extracted with ether. The residue after removal of 
ether was separated into acid (0-55 g.) and lactone (7-4 g.). - 
Hexolactone so obtained boiled steadily at 86°/10 mm., remained 
liquid at — 78°, and had nm 1-4387, d 1-0261. Titration showed 
05% of acid and 99% of lactone. The acid fraction failed to 
solidify in a freezing mixture: this indicates some conversion of 
By- into «B-acid (equation b, p. 116). 

The lactone (2 g.) was cooled to 0° and mixed with 1 c.c. of aqueous 
ammonia saturated at 0°. On standing in a closed vessel, the 
mixture became homogeneous within an hour and was then kept 
in an open dish over sulphuric acid in a vacuum desiccator. In 2 
hours it set to a deliquescent crystalline mass, which was washed 
with ether and drained on a porous tile in the desiccator (1-7 g.; 
74%). y-Hydroxy-n-hexoamide (VII) so obtained crystallised 
from chloroform in thick prisms, m. p. 74—75°, and when pure was 
stable in moist air (compare Fittig and Dubois, loc. cit.) (Found: 
N, 10-9. Cale., 10-7%). 

(2) Cold 50% acid. The fy-acid (5-25 g.) was shaken for 15 
minutes with 50% sulphuric acid (5 vols.) at room temperature. 
No heating and only partial solution occurred. The product was 
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poured into ice and water (120 c.c.) and saturated with 75 g. of 
ammonium sulphate; the solid acid then separated. It was ex- 
tracted and dried as usual without removal of lactone. After 
distillation 92° was recovered, b. p. 92°/8 mm., n 1-4395, d 0-9653, 
containing 98-5% of acid and 2-5% of lactone. This solidified in 
ice in the characteristic foliated leaflets of the Py-acid and melted 
at 10—11°. 

(3) Cold 60% acid. The acid (3 g.) was kept for 15 minutes with 
15 ¢.c. of 60% sulphuric acid. Solution was complete but no 
heating occurred on mixing. The product was worked up as in 
expt. (2) and yielded 2-90 g. of acid, without distillation. This 
had m. p. 8—9° (acid, 95-59%; lactone, 2.5%). 

(4) Cold 60% acid (8 hours). After distillation, which left a 
viscous residue, 53°% of a product was obtained, b. p. 87—89°/9 
mm. (acid, 21%; lactone, 78%). 

(5) Cold 60°%, acid (41 hours). Lactonisation was almost com- 
plete and the product (60% after distillation) had b. p. 86°/9 mm., 
n 1-4402, d 1-0252 (acid, 6°; lactone, 94%). 

(6) Cold 90% acid in ether. 3-4 G. of acid, 3-3 g. of the sulphuric 
acid solution, and 7 c.c. of sodium-dried ether gave a homogeneous 
solution, which was left for 50 hours and worked up as before. 
Distillation yielded 83° of material, b. p. 102°/9 mm. (acid, 97%: 
lactone, 4%), m. p. 9—11°. 

Action of Sulphuric Acid on the «f-Acid.—(7) Hot 50% acid. 
This reaction was carried out exactly as in expt. (1), solution being 
very incomplete on boiling. The lactonic product (13%), which 
had b. p. 85—89°/8 mm., n 1-4434, d 1-0116, was not completely 
free from acid (25% acid, 74% lactone). The solid unchanged acid 
(72%) was almost pure «$-acid (J 0-3%, acid 98%, lactone 15%). 

(8) As (7). Boiling was carried out first for 21 minutes and, after 
dilution, for another 10 minutes. The lactonic product (28%) 
had b. p. 86—88°/10 mm., n 1-4394, d 1-0228; 3-5% acid, 955% 
lactone. 

(9) 10 G. of the «$-acid were boiled for 1 hour with 50 c.c. of 
50% sulphuric acid, the dilution and re-boiling being omitted. 
The solution was distilled in steam and the distillate, after being 
saturated with ammonium sulphate, was extracted continuously 
for 24 hours with ether. The extract was dried, and the solvent 
removed. 8-5 G. of almost pure n-hexolactone were obtained. 
b. p. 89°/9 mm., n 1-4398, d 1-0245 (acid 4%, lactone 96%). With 
ammonia, this gave an 80% yield of the y-hydroxy-amide, m. p. 
and mixed m. p. 75°. 

(10) Cold 60°%, acid. The «$-acid was treated exactly as was 
the By-acid in expt. (3). On mixing, nearly the whole dissolved 
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without development of heat. After 72 hours, 100% of hard solid 
afB-acid was recovered after the usual procedure (J 0-4%; acid 
98-5%, lactone 0-5%). 

Action of Heat on n-Hexenoic Acids.—The «®- and the Py-acid 
have previously been shown to equilibrate on boiling. Mr. E. G. 
Noble, who is extending this investigation, kindly supplied the 
accumulated non-acidic fractions obtained by him in the prolonged 
heat*ng of, in all, 76 g. of By-acid and 185 g. of af-acid. This 
material was mainly composed of high-boiling viscous products 
and no lactone could be found in it. 


isoHexenoic Acids. 


The af-acid (III) (Goldberg and Linstead, loc. cit.) was twice 
fractionated and the material used had b. p. 100°/6 mm., n 1-4487, 
d 0-9534 (J 08%; acid 100%, lactone 0%). It solidified at — 75° 
in bunches of flattened needles, m. p. — 22° (corr.). Solidification 
was rather slow and possibly the acid contained a geometrical 
isomeride as impurity. This would also account for the low m. p. 

Purification of Pyroterebic Acid (IV).—(a) From terebic acid. In 
one preparation of teraconic acid from acetone and succinic ester 
(Stobbe, Ber., 1893, 26, 2314) the entire product consisted of a 
mixture of the two acid esters, one liquid and one solid, crystallising 
from hot water in long needles, m. p. 118—119° (compare Stollé, 
J. pr. Chem., 1903, 67, 199). Both of these gave terebic acid on 
hydrolysis with hydrochloric acid. 

Terebic acid (124 g.) was pyrolysed in six portions and the products 
were separated by Goldberg and Linstead’s procedure into terebic 
and teraconic acids (14 g.), isohexolactone (26 g.), and pyroterebic 
acid (30 g.). 

The lactone (VI) so obtained was free from acid and had a pleasant 
odour somewhat resembling that of cocoanut. It had b. p. 68°/3 
mm., ” 1-4337, d 1-0125, and solidified to a mass of flattened needles, 
m.p. 9°. The liquid lactone could be kept supercooled in a freezing 
mixture for a considerable time without solidification, but when 
it was seeded or touched with a glass rod a rapid growth of crystals 
took place very much as in the case of supercooled benzophenone. 
The lactone was stable and developed no acidity in 2 months. 
Treated with ammonia exactly as was the n-lactone, it gave a 40% 
yield of y-hydroxyisohexoamide, glassy prisms, m. p. 101° (Found: 
N, 10-7%) (Fittig, Annalen, 1881, 208, 21, gives m. p. 7—8° for 
the lactone; Strém, J. pr. Chem., 1893, 48, 220, gives m. p. 101° 
for the amide). 

The pyroterebic acid, b. p. 83—84°/4 mm. (acid 78-5%, lactone 
23%), was further freed from lactone by dissolution in sodium 
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carbonate solution, extraction of the lactone, and liberation from 
the alkaline solution with a calculated deficiency (5%) of acetic 
acid. The acid so obtained was left over soda-lime and paraffin 
wax in a vacuum desiccator for 3 days without loss in weight, but 
was not distilled. It had nm 1-4451, d 0-9759 (acid 98%, lactone 
25%). Like its ethyl ester (Linstead, J., 1929, 2498), the acid 
deteriorates on standing and the above sample, after being kept 
for 6 weeks in a stoppered bottle, had n 1:4492, d 0-9961. On 
distillation this left a viscous residue and the almost pure acid 
came over at 92°/6 mm., with n 1-4457, d 0-9787 (acid 97%, lactone 
25%; J 95-5%) (sample A). 

(b) From As-isohexenoic acid. 41 G. of crude pyroterebic acid 
(b. p. 102—106°/14 mm.) obtained by equilibration of the «f-acid 
(see p. 128) were esterified with 41 c.c. of N-alcoholic hydrogen 
chloride and 164 c.c. of absolute alcohol for 54 hours at room tem- 
perature (compare Eccott and Linstead, J., 1929, 2153; the quanti- 
ties of reagents here used are much less than those first recommended, 
bat. the efficiency of the process is not affected). The (y-ester, 
isolated in the usual way (36 g.), was hydrolysed with 6% alcoholic- 
aqueous potash at room temperature, and the acid distilled without 
separation of the lactone. The fraction, b. p. 83—84°/4 mm., was 
purified through bicarbonate in the usual manner and redistilled ; 
it then gave a homogeneous product, b. p. 82°/3 mm. (acid 99:5% ; 
lactone 05%; J 944%). This product solidified at — 78° to 
yield the solid acid of m. p. — 4-5° already referred to (sample B).* 
Apart from proofs already adduced and the concordance of the 
iodine additions, the identity of this product with that from terebic 
acid was shown by its quantitative conversion into isohexolactone 
(see below). 

Action of Sulphuric Acid on the By-Acid.—(11) 4-5 G. of the purified 
acid (sample A) and 1 equivalent of 5% sulphuric acid were allowed 
to stand over-night. After 22 hours, two layers still remained and 
after extraction and distillation the product had b. p. 97°/11 mm., 
n 1.4457, d 0-9795 (acid 93%, lactone 6%). 

(12) A solution of 5 g. of the acid (lactone content 4%) in aqueous 
sodium bicarbonate was thoroughly extracted with ether and de- 
composed with 10% excess of 10% sulphuric acid. The acid, 

* It is a matter of some difficulty to decide on the most trustworthy 
physical constants for pyroterebic acid owing to its comparative instability, 
which was only fully realised as the present work progressed. It is considered 
that these are best represented by the figures: b. p. 82°/3 mm,, 97°/10 mm., 
m. p. —4-5°, n 1-4465, d 0-978. The acid is a colourless mobile liquid with 
& sour smell, more unpleasant than that of the af-acid or of AB-n-hexenoic 
acid. With due care it can be distilled at low pressures and can be liberated 
from solutions of its salts without lactonisation. 
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isolated in the usual way, had b. p. 94°/7 mm. (acid 96%, lactone 
3%). 

(13) Cold 50% acid. The acid from expt. (12) was shaken with 
50% sulphuric acid (5 vols.). In contrast to the fy-n-acid, the 
upper layer disappeared in 2 minutes and there was a slight evolution 
of heat. The smell of acid was replaced by that of lactone in 7 
minutes and after } hour the product was worked up as in expt. 
(2). It distilled at 77°/9 mm., and had n 1-4329, d 1-0112 (acid 
15%, lactone 99%). It readily set on cooling to a solid of m. p. 
8—9°, and gave a 34% yield of the y-hydroxy-amide, m. p. and 
mixed m. p. 100°. 

(14) Cold 60% acid. This experiment is described on p. 118. 
The product (1-90 g.) from 2 g. of #y-acid (sample B) after 15 minutes’ 
treatment contained 2-5°% of acid and 97-5%, of lactone and melted 
at 8°. 

Action of Heat on the Sy-Acid.—(15) Pyroterebic acid from the 
pyrolysis of terebic acid (lactone content, 23°) was boiled under 
reflux for 30 minutes. The product had nm 1-4395, d 1-0024 (acid 
31%, lactone 67-5%). 

(16) This material was boiled for a further 3 hours and was then 
distilled over at 75°/5 mm. The distillate had m 1-4332, d 1-0127; 
m. p. 5—8° (acid 45%, lactone 95-5%). 

Action of Sulphuric Acid on the a-Acid.—(17) Hot 50% acid. 
Under the conditions of expt. (1) the acid (10 g.) yielded 1-6 g. of 
lactonic product, b. p. 81°/6 mm., n 1-4360, d 1-0065 (acid 12-5%, 
lactone 86-5%), which was semi-solid in a freezing mixture. The 
recovered acid (7-5 g.) contained 97% of acid and 2-5% of lactone 
(J, 0-4%). 

(18) As in (17). The mixture was boiled for 30 minutes, and 
for an additional 10 minutes after dilution; 48°, of lactonic product 
was formed, b. p. 78—79°/8 mm., m. p. 4—6°, n 1-4409, d 1-0130 
(acid 0-5%, lactone 98%). 

(19) The «8-acid was boiled for 1 hour with 50%, sulphuric acid 
(5 vols.), and the product extracted exactly as in expt. (9). There 
was much more gross decomposition than with the n-«$-acid, only 
40%, of product being recovered after distillation. This was almost 
pure y-lactone, b. p. 80°/10 mm., m. p. 8—9° ; » 1-4346, d 1-0096 (acid 
1%, lactone 98:5%). It gave a 28% yield of the y-hydroxy-amide, 
m. p. 95—98° (crude), 101° (after crystallisation) (mixed m. p. 101°). 

(20) Cold 50% acid. 3-1 G. of the «$-acid and 15-5 c.c. of 50% 
sulphuric acid were shaken together for 15 minutes, there being no 
mixing of the upper layer. Hanan extracted the almost unchanged 
acid (2-7 g.) with b. p. aif mm.; 7 1-4488, d 0-9542 (acid 100%, 
lactone 1%). 
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(21) Cold 60% acid. Treated for 72 hours under the conditions 
of expt. (10), the «$-acid gave a 97% recovery, without distillation, 
of material with J 0-4% (acid 97%, lactone 3%). 

Action of Heat on the «8-Acid.—(22) The acid, after being boiled 
under reflux for 22-5 hours, had n 1-4486, d 0-9607 (acid 93-5%, 
lactone 5%). Further boiling of this sample for a total of 65 
hours gave a product containing neutral material, 70-5% of acid, 
and 24°, of lactone. From this the acid (64%, after distillation) 
and lactone were separated in the usual way. The latter (19% 
after distillation) had b. p. 75°/5 mm., m. p. 7—8°, n 1-4341. 

(23) 9-1 G. of the acid were heated for 142 hours under a ground- 
in glass reflux condenser fitted with a calcium chloride tube. Dis- 
tillation of the product gave a fraction, b. p. 80—100°/7 mm., and 
a thick high-boiling liquid. The low fraction had n 1-4404, d 
0-9975 (acid 34%, lactone 625%), and did not solidify in a freezing 
mixture. 

Attempts to reverse the Lactonisation. 

(24) n-Hexolactone was boiled under reflux for 8 hours, and after 
distillation gave 93°, of a product boiling steadily at 96°/14 mm.., 
with n 1-4389, d 1-0262 (1°, acid, 99-5% lactone). 

(25) This material was treated with 60° sulphuric acid (5 vols.) 
for 48 hours at room temperature. The product, recovered in 
98% yield by the method of expt. (2), contained 1% of acid and 
97-5°% of lactone. 

(26) isoHexolactone, m. p. 9°, after being boiled for 75 minutes 
showed no sign of acidity, and boiling was continued for a total 
of 4% hours. After distillation the product had n 1-4337 (acid 0%, 
lactone 102%). 

(27) This material was further heated for 50 hours; after dis- 
tillation, 80°4, was recovered with b. p. 76°/6 mm., m. p. 8—9°, 
n 1-4336, d 1-0130 (acid 1%, lactone 99%). The concordance 
between these physical constants and those of the original material 
is very close. 

(28) isoHexolactone, treated exactly as in expt. (25), was re- 
covered in 90% yield as a pure acid-free product. 


The stability of the lactones to heat and acids shows that the 
occasional low yields of lactone, e.g., from A*-isohexenoic acid, are 
to be attributed to gross decomposition of the unsaturated acid 
and not of the lactonic product. 


Lactonisation of y-Hydroxy-acids. 


The method resembled that of Hjelt (loc. cit.), a deficiency of 
mineral acid being used to liberate the hydroxy-acids from their 
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barium salts in order to avoid any possibility of catalysis by strong 
acid. 

(29, 30) Approximately M /250-quantities of the pure iso- and n.- 
hexolactones were accurately weighed out and neutralised with 
the theoretical amounts of NV /10-baryta, the solutions being warmed 
in the usual way. N/10-Hydrochloric acid (95°% of the equivalent 
quantity) was then added to the cold solutions, which were made 
up to 100 c.c., and the amounts of water necessary to make them 
exactly N/20 with respect to the lactone were added from a burette, 
The procedure thereafter followed Hjelt’s, the amount of unlactonised 
acid remaining after definite periods of reaction at 100° being 
determined by titration with N/100-baryta. Values concordant 
to 1% were obtained but no special accuracy was aimed at. The 
mean values for the two series are given below : 


Time of heating (mins.)............ 5 6 10 15 30 60 
% Lactonisation (n-) .........60.00. 5 - 12 18 34 48 
9 ($002). aceenetenest 12 16 — 31 45 64 


Hjelt, using solutions of the same hydroxy-acids containing 
rather more neutral salt, obtained, as might have been expected, 
slightly slower reactions, but the difference between the two series 
was of the same order. His times for 50% lactonisation are 70 
minutes in the n-series and 56 minutes in the iso-series. 


Alkali Equilibration of the isoHexenoic Acids. 


(31) The «B-acid (64 g.) was equilibrated for 6} hours at the b. p. 
with a solution of 300 g. of potash in 900 c.c. of water. The bulk 
of the product was used in the preparation of the Py-acid (p. 125). 
A portion was distilled in steam and extracted in the usual manner. 
It then contained 97% of acid and 3% of lactone and had J 75-4%. 

(32) The fy-acid, treated similarly, gave an 88% recovery of 
acid after steam distillation and removal of lactone. The product 
contained 97°%, of acid and 2% of lactone (J 78-7%). 


Analysis and Purification of Mixtures by Sulphuric Acid. 


(33) An artificial mixture of 10% of A®- and 90% of Azn- 
hexenoic acid was treated with cold 60% sulphuric acid under the 
conditions of expt. (2). The recovered acid was completely free 
from the By-isomeride (Found: acid, 96-5%; lactone, 3%; J, 
03%). A similar experiment with A+-isohexenoic acid contamin- 
ated with 10% of the @y-form gave a product consisting of 98°, of 
acid and 1% of lactone (J, 0-5%). 

(34) 2-0 G. of the product of the alkaline equilibration of A+-iso- 
hexenoic acid (J, 754%; whence «§-acid = 22%) were left at 
room temperature for 1 hour with 10 ¢c.c. of 60%, sulphuric acid. 
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The product was worked up as in expt. (2), 1-7 g. being recovered 
(22-5% acid, 75-5°% lactone). As it has been shown that under 
these conditions the «f-acid is unaffected while the #y-acid is com- 
pletely lactonised, these figures provide a confirmation of those 
obtained iodometrically. 

(35) Two mixtures of the n-hexenoic acids were analysed by the 
same method by Mr. E. G. Noble, 24 hours being allowed for the 
lactonisation of the fy-acid to be completed. These mixtures 
contained 32-8% and 32-5% of the By-acid respectively (iodometric) 
and both gave products containing 33% of lactone and 65%, of acid. 


The author is indebted to the Government Grant Committee of 
the Royal Society for a grant which defrayed much of the cost of 
this work. 


IMPERIAL COLLEGE oF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W. 7. [Received, November 9th, 1931.] 





16. The Catalytic Action of Hydrogen on the 
Carbon Monoxide Flame. 


By C. E. H. Bawn and W. E. Garner. 


In earlier communications (J., 1928, 280; 1929, 1123; 1930, 2037; 
1931, 641), it was shown that the radiation emitted from the carbon 
monoxide flame undergoes very marked variations on the addition 
of hydrogen. These have been studied mainly with a view to the 
discovery of new facts concerning the mechanism of the catalytic 
action of hydrogen on the carbon monoxide flame. The results 
obtained concern two main features of the radiation—pressure 
curves: (1) the intercept, and (2) the step on the curves. The 
manner in which these two properties are modified by the addition 
of some inert gases or by changing the dimensions of the explosion 
vessels has already been investigated. In the present paper, it has 
been sought to determine the influence of the material of the walls 
of the bomb and also to extend the list of inert gases studied by 
investigations on carbon dioxide and sulphur dioxide. 


The Intercept on the Radiation—Pressure Curves. 


The total radiation from a “dry” carbon monoxide flame in a 
cylindrical vessel, when plotted against the pressure, gives a straight 
line which cuts the pressure axis at a value that varies approximately 
inversely as the square of the diameter of the vessel. This intercept 
decreases in magnitude as hydrogen is added, and, in fact, disappears 
if more than 2% of hydrogen is present. The lower part of the 
F 
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pressure-radiation curve and its intercept for both “dry” and 
hydrogen-containing gases in vessels of constant diameter are 
slightly lowered by dilution of the explosive mixture with large 
volumes of carbon monoxide, oxygen, nitrogen, argon, and carbon 
dioxide, but the change which occurs is negligible compared with 
that caused by the addition of hydrogen. It has been shown in the 
present paper that the materials composing the walls of the 
explosion vessels, whether made of good or bad conductors, have 
also little effect on the magnitude of the intercept. 

It has been pointed out in the earlier papers that the radiation 
emitted from the hydrogen-free flame is mainly that from the 
vibrational energy of the newly formed molecules of carbon dioxide. 
These molecules can undergo deactivation in three ways: (1) by 
the emission of radiation, (2) by collision with other gas molecules, 
or (3) by collision with the walls. The second cause of deactivation, 
viz., by collision with gas molecules, does not appear to be much in 
evidence in the hydrogen-free flame, for dilution with large volumes 
of inert gases does not modify the fraction of the newly formed 
molecules of carbon dioxide which emit their vibrational energy as 
radiation. Deactivation on the walls is, however, all important, as 
is shown by the variation in the magnitude of the intercept as the 
diameter of the bomb is changed. The vibrational energy is thus 
distributed mainly between the emission of radiation and deactiv- 
ation on the walls. There is a very small fraction available for 
increasing the temperature of the gaseous mixture, so that the 
vibrational energy can play but a small part in the propagation of 
the flame. 

The intercept is a limiting pressure at which, if flame were possible, 
no radiation would be emitted. It is not identical with the limiting 
pressure for the propagation of flame as is shown by the experiments 
described below. The reason for this is that the deactivating 
influence of the walls is not the same for the two cases. In the 
former, it is the carbon dioxide molecules which are deactivated; 
in the latter, it is some component of the reaction chain, very 
probably oxygen atoms, which are destroyed. 

Dry Gases.—A quartz cylinder, 2 cm. in diameter and 32 cm. long, 
and closed at one end with a plane quartz window, was employed. 
This carried a firing plug for the ignition of the gases and a tap for 
their admission. The methods of drying and filling the gases into 
the bomb have been described previously. A better vacuum can 
be obtained with the quartz than with metal bombs, so the explosion 
vessel can be more effectively dried. It was found sufficient to 
evacuate the bomb for 2 hours with a mercury-vapour pump 
between two experiments. The use of a liquid-air trap between the 
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explosion vessel and the gas supply did not increase the dryness of 
the gas. Firing by the fusion of platinum wire (14 v.) + occurred 
within 2 or 3 minutes of shutting off the pumps, so that little time 
was available for the diffusion of the deep-seated water vapour 
from the quartz into the gas. 

No flame and no radiation were observed if the gas pressure lay 
below 18 cm., and the flames produced above this pressure and up 
to 1 atm. were not stable: they travelled a short distance down the 
tube and were then extinguished. The percentage of the gas burnt 
ranged from 15% at 18 cm. to 20% at 1 atm. (Fig. 1, A). A few 
cinematograph photographs were taken of these flames. They 
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% Combustion. 
A. Dry gas. B. Gas + 0°01% H,. 
moved out from the point of ignition to their maximum distance too 
rapidly for the eye to follow. The illumination from the flame, 
however, lasted several seconds, and died away in the direction of 
the firing plug. In its last stages, the illumination consisted of a 
nearly spherical ball of flame. The most probable explanation of 
these flames is that the platinum atoms volatilised by the fusion of 
the wire activate oxygen molecules to their lowest electronic level, 
which then set up a reaction chain. Since the gases contain 
negligible quantities of hydrogen, the mechanism is probably :— 
(I) (1) 0, + M—— O,* + M — 37 kg.-cals. ; 

(2) 0,* + CO—~» CO, + O + 46 kg.-cals. ; 

(3) O + O, + CO— > CO, + 0,* + 90 kg.-cals. 
¢ See previous papers. 
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Since the flame is unstable, these reaction chains must be of relatively 
short length under the conditions of our experiments, and thus at 


least one of the steps in the chain has a high temperature coefficient, 
When the flame has reached its maximum extension, the combustion 
in the region traversed by the flame is not yet complete. It is 
continued behind the flame front at an enhanced temperature, giving 
rise to the phenomenon of after-burning. At these temperatures, 
it is probable that mechanism (I) is stable. It will not, however, 
penetrate further into the cold gases unless hydrogen is present. 

One of the causes of the instability of the flame is undoubtedly 
the retention of a large amount of energy of the reaction as vibra- 
tional energy of the carbon dioxide molecules which is not available 
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for raising the temperature of the flame. This amounts to at least 
25% of the total energy. One of the functions of hydrogen is to 
make some of this energy available. 

The values of the radiation plotted against the pressure are given 
in Fig.2,A. A straight line is obtained yiving an intercept at 12 cm. 
This is the limiting pressure for the emission of infra-red radiation, 
and possesses practically the same value as when there is complete 
combustion of the gas in a vessel of the same diameter. This limit 
is less than that for the production of reaction chains in the gas 
mixture. 

Addition of Hydrogen.—If 0-01% of hydrogen is added to the 
explosive mixture, stable flames can be obtained at pressures above 
30 cm. Hg. The flame, however, travels out rapidly to the same 
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distance as for the hydrogen-free mixtures, and a very slow flame 
starts from the point of its maximum extension. The values for the 
percentage combustion are given in Fig. 1,B. Unstable flames are 
produced between 15 and 30 cm., and no flame at all below the 
former pressure. The radiation emitted is shown in Fig. 2, B on a 
scale different from that of Fig. 2, A. 

On the addition of hydrogen, the intercept on the pressure axis, 
and the infra-red radiation emitted, decrease in magnitude. In the 
presence of hydrogen, therefore, a smaller fraction of the vibrational 
energy of the carbon dioxide molecules is lost to the walls or as 
radiation. The speed of the flame increases on this account. The 
actual mechanism whereby this is brought about is still obscure. 
There are many possibilities, of which the following are the more 
important. The hydrogen can react with oxygen atoms thus: 
(l) H, + 0+ M—~H,O0+M. The water produced can then 
deactivate CO,* and convert its vibrational energy into kinetic 
energy. There is no doubt, however, that some hydrogen atoms 


. are produced on collision with rapidly moving platinum atoms or 


other molecules, and once these are set free, the chance of their 
recombination to form water or molecular hydrogen becomes remote. 
These atoms will react according to 


(II) (1) H, + M—~ 2H + M; . 
(2) H+ CO + 0,—~ CO, + OH + 116 kg.-cals. ; 
(3) OH + CO—~ CO, + H + 20 kg.-cals. ; 


that is, an entirely different reaction mechanism is set up. The 
extent to which mechanism (II) occurs depends on the ratio of the 
hydrogen converted into atoms to that converted into water. Very 
little is known about the relative speeds of these processes, but there 
is evidence in favour of the view that mechanism (II) does not set 
in until higher pressures of hydrogen arereached, and then mechanism 
(II) replaces mechanism (I) abruptly. 


The Step on the Radiation—Pressure Curves. 


The radiation—pressure curves of flames of hydrogen-containing 
mixtures in phosphor-bronze bombs show a discontinuity at a 
pressure which decreases as the percentage of hydrogen increases. 
In the earlier papers, this was taken to mean that there were two 
distinct flame mechanisms in these mixtures, one stable at low 
{mechanism (I)] and the other stable at high pressures [mechanism 
(II)]. The pressure at which one mechanism changed over into 
another was neither dependent on the diameter of the bomb nor 
affected by the addition of the diluents carbon monoxide and oxygen. 
It was only determined by the pressure of the hydrogen: P = k/pye 
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approximately, where P is the pressure of the combustible gas. 
The limiting pressure for mechanism (II) thus appears to vary 
inversely as the pressure of the hydrogen. This limit will be 
analogous to the ordinary limiting pressures met with in flames. 
Since, however, the mechanism is occurring in a gaseous system in 
which another mechanism is already operating, the factors con- 
trolling its lower limit will be more complex than is usual in such 
cases. 

The limiting pressure for mechanism (II) will depend on the 
product of the rate of production of hydrogen atoms and the chain 
length. Since hydrogen atoms are readily removed by some 
surfaces and not by others, it should be possible to change the 
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limiting pressure by the use of various linings to the explosion 
vessel. Mechanism (II) is more likely to be retarded by wall effects 
than mechanism (I), on account of the fact that hydrogen atoms 
possess much higher speeds than oxygen atoms and molecules. 
Quartz, silvered quartz, and copper and aluminium linings to the 
quartz tube have been employed to test this point. A mixture of 
2CO + Q, containing 0-2% of hydrogen was used to make the tests. 
In order to insert the cylinder of metal, a wide ground joint was 
fused on to the end of the quartz tube. A lubricant with a low 
vapour pressure was used in the joint. The thickness of the copper 
was 0-12 mm. and that of the aluminium 0-33 mm., and the length 
of both tubes was 29 cm. 

The radiation—pressure curves are given in Fig. 3, and the broken 
curve showing the result obtained in the phosphor-bronze bomb of 
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0-15 cm. diameter is included for reference. The values for the 
radiation are corrected for the amount of gas burnt, but not for the 
extinction coefficient by the carbon monoxide, 

In the phosphor-bronze bomb, the limiting pressure is 36 em. ; 
this is raised to 40 cm. in the case of the aluminium tube, and is 
44 em. for each of the other surfaces. Thus, the nature of the surface 
does exert some effect on the position of the step, as was anticipated. 
There have been produced very marked differences in the extent of 
the combustion by varying the nature of the wall material : 


Percentage combustion. 





Pressure, cm. Quartz. Silvered quartz. Copper. Aluminium. 
20 87 95 66 78 
40 94 97 77 83 
60 94 97 77 84 


The percentage combustion increases in the order copper, aluminium, 
quartz, and silvered quartz. The amount of cooling and deactiv- 
ation by the walls will be the greater the lower the percentage 
combustion, so that the above order is that of the effect of the walls 
in abstracting energy from the flames, that is, in the order of their 
thermal conductivities. It will be noted that the magnitude of 
the steps in Fig. 3 decreases in this order. For quartz and silvered 
quartz, the step has disappeared completely, and the change in 
mechanism is indicated solely by a change of slope. The step 
appears when metal liners are introduced into the explosion vessel, 
but it does not become so great as in a phosphor-bronze bomb. 
The conclusion is reached, therefore, that limiting pressure is 
represented as a step on the radiation curves when the surface of 
the bomb facilitates the transfer of energy from the flame. This 
must mean that the energy emitted as radiation in the case of 
mechanism (II) is much more easily abstracted from the flame than 
in the case of mechanism (I). The obvious conclusion is that the 
radiation in the former case contains much more thermal emission 
than the latter. This is in accord with the fact that the magnitude 
of the step increases in the phosphor-bronze bombs as the diameter 
decreases. The greater the cooling, the greater is found to be the 
difference between the radiation emitted by the two mechanisms. 
The limiting pressure of mechanism (IT) is raised in the case of 
quartz, silvered quartz, and copper from 36 to 44cm. This may be 
due to the abstraction of hydrogen atoms from the gas, which would 
break the reaction chains of mechanism-(II). It cannot be due to 
the adsorption of hydrogen from the explosive mixture before firing, 
for the quartz surface was present in all cases. Aluminium appears 
to be less effective in breaking the reaction chains than copper. 
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These experiments have, however, thrown more light on the 
causes of the step than on the mechanism of the reaction. 


Effect of Carbon Dioxide and Sulphur Dioxide on the Limiting 
Pressure of Mechanism II. 


Experiments were carried out in a phosphor-bronze bomb, 1-5 cm. 
in diameter, to determine if the position of the step could be changed 
by the addition of either of these oxides. Dilution of the explosive 
mixture with 33-3°% of oxygen or carbon monoxide has been shown 
previously not to affect the position of the step. If mechanism (II) 
be correct, then it might be expected that carbon dioxide molecules 
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Radiation. 
CO, contents: I, 0%; II, 10%; III, 143%; IV, 18:2%; V, 25%. 
would remove hydrogen atoms from the flame and retard the speed 
of the reaction, thus : 


CO, + H —~ CO + OH — 20 kg.-cals. 


This reaction is endothermic, so that it would only occur within the 
flame itself. 
It was doubtful what would be the effect of sulphur dioxide. It 
was possible that either 
so, + H—— SO + OH 
aul O + SO, —~- SO, 
180, + H —» SO, + OH 
would occur. 
The radiation—pressure curves for 0-266% of hydrogen and 
different percentages of carbon dioxide are given in Fig. 4.* It will 
* The percentages of carbon dioxide and hydrogen are given in terms of 


the volume of 2CO + O, present. The figures given in Table I are thus the 
percentages added to the combustible mixture. 
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be seen that the step is raised in accordance with expectation (Table I). 
Experiments III, VI, and VII show the effect of variation in the 
percentage of hydrogen at a constant percentage of carbon dioxide. 


TaBxeE I. 

Expt. | F Ei. III. EV. V. VI. VII. 
eee 0 10 143 182 26 : 143 143 
aL, Shesdjunduns 0-266 0-266 0-266 0-266 0-266 : 0-32 0-10 
Step,cm. Hg ... 33 38 40 43-5 64:5 : 345 55 


The percentage combustion is given below for several pressures. 


Pressure, cm. I. II. ITT. IV. V. 
30 88 84 84 85 77 
50 89 85 85 85 80 
70 89 85 85 85 80 


It will be observed that the percentage combustion is lowered by 
the addition of carbon dioxide, whilst the step is raised. This is 
contrary to the effect of replacing the phosphor-bronze surface by 
quartz. In the latter case, both the percentage combustion and the 
step were raised by a change which increases the temperature. It 
is clear, therefore, that the effect of carbon dioxide on the step is not 
connected with any effect it may have on the flame temperature. 

Sulphur dioxide gives a curious result: 10% of this gas did not 
alter the limiting pressure, whereas 25% raised it to 44-5 cm.» A 
possible explanation of this behaviour is that the removal of hydrogen 
atoms depends on the formation of sulphur trioxide, produced 
according to the equation 280, + 0, 2SO,. The rate of its 
formation is proportional to the square of the concentration of the 
dioxide, therefore the capacity of the latter for the removal of 
hydrogen atoms increases rapidly with its partial pressure. 

10% of sulphur dioxide did not lower the percentage combustion, 
which remained at 89%, but 25% of the gas lowered it to 85%. It 
would appear from these and the foregoing results that the extent of 
the combustion is to some extent dependent on the capacity of the 
gas for nullifying the catalytic effects of the hydrogen gas. 


Summary. 


Hydrogen-free flames in quartz tubes, 2 cm. in diameter, are 
unstable. Unstable flames are produced above 18 cm. pressure. 
The limiting pressure for the emission of radiation is 12 cm. 

Flames containing 0-01% of hydrogen give stable flames above 
30 cm. Hg, and unstable flames down to 15 cm. 

The influence of the material of the wall of the bomb on the step 
and intercept on the pressure-radiation curves has been studied, 
quartz, ’ oe quartz, aluminium, and copper surfaces having been 
F 
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employed. There is no appreciable change in the intercept with 
change in the nature of the material of the wall, but the pressure at 
which the step occurs is modified. This is probably due to differences 
in the efficiency of removal of hydrogen atoms from the gas phase 
by different surfaces. The size of the step depends on the thermal 
conductivity of the walls. 

The addition of carbon dioxide and sulphur dioxide to the flame 
causes the step to move to higher pressures. This is due to the 
removal of hydrogen atoms from the flame by these gases. 

The mechanisms advanced previously for the catalytic action of 
hydrogen have been discussed in the light of these results. 


We wish to express our thanks to Imperial Chemical Industries, 
Limited, for a grant for the purchase of apparatus, and one of us 
(C. E. H. B.) his indebtedness to the Imperial Chemical Industries, 
Limited, and to the Department of Scientific and Industrial Research 
for maintenance grants. 


THE UNIVERSITY, BRISTOL. [Received, September 15th, 1931.] 





17. An X-Ray Examination of B-Methylxyloside. 
By Ernest Gorpon Cox. 


In continuation of the investigation of the sugars and their deriv- 
atives (J., 1931, 2313), a derivative of xylose, 8-methylxyloside, 
has been examined. This substance had apparently not been 
investigated crystallographically. 

Moderately good crystals were readily obtained by crystallisation 
from alcohol. On a preliminary examination they appeared to 
exhibit no symmetry, a typical crystal being shown in Fig. 1. 
Some crystals, however, were found possessing a two-fold axis of 
symmetry, indicating that the substance is actually monoclinic 
sphenoidal. This was confirmed by a Laue photograph which 
showed a plane of symmetry, characteristic of the monoclinic 
system. Most of the crystals examined exhibited some single faces 
instead of complete forms, but the forms c{001}, s{011}, p{110}, 
and p’{110} were complete in nearly all cases, with p and p’ pre- 
dominating, terminated by c. Individual faces r(101), r’(101) were 
frequently observed, while faces which appeared to be (552) and 
(372) each occurred onée. All the faces were often distorted, so 
the accuracy of the goniometric measurements, which are sum- 
marised below, was not extremely high. 











7 = ft] Ss 60S Um, lS 


ae ~S 4 SS fS 


th 
at 
es 


al 














COX: AN X-RAY EXAMINATION OF $-METHYLXYLOSIDE:. 139 


6-d-Methylxyloside ; monoclinic sphenoidal. 
a:b:¢ = 1-040: 1: 1-022; B = 113° 25’. 


a Cale. Obs. 
ge af mm (LRO)cQRIO)! 6.455. .icccceccdéderdcberecdedss oie 92° 15’ 
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Or ey | ) eer rer ree 44 56 44 54 
Gah ew CE SERIE | ncaanescomecasanhsateaaneiaacunne 69 18 68 46 


As the crystals were only moderately good, it was not possible to 
determine the optical properties very accurately. The mean refrac- 
tive index is approximately 1-51. The plane of the optic axes is 
(010), one of the axes being nearly parallel to the c-axis. The 
apparent optic axial angle in air is about 60°. 


Fie. 1. Fia. 2. 























\ 7 
\ 4 
=F. “ 
C7 7%. 4 ne x= 43-0 
\ a, 
\ aes . 
\ a 
\ 4 
\ “ 
ry / 


a= 7:82 





/ 


An X-ray examination was carried out by the rotating crystal 
method, using filtered copper K, radiation. In order to avoid any 
dependence on the goniometric measurements, the angle 8, as well 
as the linear dimensions of the cell, was determined by X-ray 
methods. The lengths of the (001), (010), (100), and (111) axes 
were determined, and the angle 8 calculated from them. The 
results are as follows: a —= 7:82, b = 6-89, c= 7-74 A.U., and 
8 = 113° 10’. The axial ratios are thus a:b: c = 1-135: 1: 1-123, 
in very poor agreement with the goniometric results. It is difficult 
to see why the goniometrie results should be in error, since the 
agreement shown in the angular measurements given above is 
reasonably good, but the most probable explanation is that some 
of the faces observed are vicinal faces of high indices; thus if p is 
renamed (10,11,0) and s (0,11,10) then the axial ratios area: b:¢ = 
1-144 : 1 : 1-128, which is in good agreement with the X-ray results. 











140 ©OX: AN X-RAY EXAMINATION OF 6-METHYLXYLOSIDE. 


Such vicinal faces might be caused by the presence in the alcohol 
from which the crystals were grown of a trace of some asymmetric 
impurity, or merely by too rapid growth. The X-ray measure- 
ments were repeated on several crystals, in all cases the ones which 
had been used for goniometric work, and as an additional check 
the length of the (110) axis was measured and was found to agree 
perfectly with the value calculated from a and b. 

On the basis of two molecules to the cell, the density is calculated 
to be 1-412: by direct experiment it is app. 1-40. From a series 
of oscillation photographs about the c-axis, it was found that the 
odd orders of (010) are absent; the space-group is thus C3. 

The space-groups of practically all the carbohydrates and gluco- 
sides so far examined are either C3 or Q,, which are the only space- 
groups in the monoclinic and the orthorhombic system respectively 
which have no symmetry elements other than two-fold screw-axes. 
It would be of considerable interest to investigate the optical 
rotation of some of these substances in the crystalline state; the 
spiral arrangement due to the screw-axes would presumably give 
rise to a rotation independent of the molecular rotation, and by a 
comparison of a number of carbohydrates in which the molecular 
arrangement was known approximately from X-ray work, it might 
be possible to separate the rotatory effects of lattice structure and 
molecule. 

It is proposed not to discuss the structure of 6-methylxyloside in 
detail at present, but to await the results for «-methylxyloside, 
which is now being examined. There is, however, a very interesting 
relation between the cell-dimensions of «-xylose (Cox, loc. cit.) and 
of $-methylxyloside. Fig. 2 is a projection of four unit cells of 
6-methylxyloside on (010); by drawing the diagonals as shown by 
the dotted lines, the projection of a cell containing four molecules 
is obtained (supposing 6 to be the same). Since a and c are nearly 
equal, this cell is practically rectangular. Calling its dimension 
normal to the paper z (= 6 of $-methylxyloside), we have the 
following comparison : 


New cell. a-Xylose. 
z= 13-0 a = 12-64 
y= 86 b= 9-20 
z= 6-89 c= 5-60 


It is seen that the first two dimensions are about the same, but 
that the c-axis of xylose has been increased by 1-3 A.U. Now, 
Fig. 3 shows a molecule of 6-methylxyloside, the oxygen atoms 
being shaded and the hydrogen atoms left out for clearness. 
a-Xylose can be obtained by leaving out the atom C and putting 
the atom O below the plane of the ring instead of above it. This 
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particular structure with five coplanar carbon atoms is similar to 
the one suggested for arabinose (Cox, loc. cit.). It is clear that 
changing the position of O does not alter the thickness of the ring, 
while the atom C can take up a position as shown without increasing 
the thickness; in this position, however, the width of the ring in 





the direction aa’ will be increased slightly, and the length in the 
direction cc’ will be increased by somewhat less than the diameter 
of a carbon atom, i.e., about 13 A.U. Actually the c-axis has 
increased by 1-3 A.U., and the a-axis by 0-4 A.U.’ It was suggested 
that in «-xylose the directions aa’ and cc’ were the directions of a 
and ¢ respectively, and it is at once evident that the increases in a 


Fie, 4. 











and ¢ on going from xylose to $-methylxyloside are just those 
which are necessary if the molecule of Fig. 3 is oriented in the 
dotted cell of Fig. 2 as the molecules appear to be in the xylose 
cell. If this picture is correct, the thickness of the ring has been 
reduced from 4-6 A.U. to 4:3 A.U. This may mean merely that 
the rings are more closely packed in this direction in the xyloside, 
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but in any case, if 4-3 A.U. does represent the thickness of the 
ring, it seems to indicate that the carbon atoms in the ring must be 
coplanar or very nearly so. It should be noted that the oxygen 
atom in the ring may be as much as 1 A.U. out of the plane of the 
carbon atoms without affecting the thickness of the molecule. 
Fig. 4 gives a view of the suggested arrangement of the molecules 
in B-methylxyloside, viewed along the b-axis. The dotted molecules 
are at a distance $b below the others. Since a and ¢ are practically 
equal, the foregoing remarks would apply equally well if a and c in 
Figs. 2 and 4 were interchanged; a careful study of intensities of 
X-ray reflections will be necessary to decide which of the two 
alternatives is correct. 


The writer wishes to acknowledge the interest taken by Prof. 
W. N. Haworth, F.R.S., in the work. 


CHEMISTRY DEPARTMENT, UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, November 23rd, 1931.] 





18. On Active Nitrogen. Part IX. The Electrical 
Conductivity of Active Nitrogen. 


By Eric JonHn Baxter WILLEY and WILLIAM ARTHUR 
STRINGFELLOW. 


Ir was observed by Burke in 1901 (Phil, Mag., 1, 342, 455) that 
the yellow-white after-glow which is obtained by the electrodeless 
discharge in air at pressures of ca. 0-2 mm. exhibits marked electrical 
conductivity which is not due to charged particles from the actual 
discharge, since (i) it persists long after all ionisation may be 
expected to have disappeared through recombination, and (ii) it 
may be observed in a stream of the luminous gas which has passed 
through an ion trap. Burke also found, inter alia, that cathode 
rays destroy the glow, but did not test the effect of this upon the 
conductivity. Strutt (Proc. Roy. Soc., 1912, 87, A, 179), working 
with nitrogen containing only a trace (1: 1000) of other gases, 
found that the conductivity may be very high, currents of ca. 20 
microamps. being obtained when a potential of some 200 volts was 
applied across two parallel plane electrodes between which glowing 
nitrogen was passing, but that even when a saturation current had 
been reached, the luminosity, and the ability of the active nitrogen 
to excite spectra, persisted unimpaired. He therefore concluded 
that charged particles are not primarily responsible for the phen- 
omena connected with active nitrogen; rather did it appear that 
the conductivity was to be‘attributed to the production of a few 
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ions, probably by the effects of resonance radiation, during the 
reversion of the active nitrogen to the inert variety. 

Constantinides (Physical Rev,, 1927, 30, 95) repeated the experi- 
ments of Strutt and found that the currents obtained at saturation 
depend upon the geometry of the testing electrodes, the conduct- 
ivity under given conditions of gas flow, pressure, etc., depending 
upon the area of the cathode; whence it follows that a surface 
effect is involved, and that the conductivity is most probably due 
to electrons emitted from the metal plates used as electrode either 
(i) under the influence of light of very short wave-length present 
in the after-glow, or else (ii) through impact of the active nitrogen, 
which was considered, from a correlation of these results with 
observations upon the effect of addition of other gases, to be a 
metastable molecule with an energy lying between 9-4 and 10-4 
volts. 

An interpretation of the results of Constantinides has been made 
possible by two recent investigations, as follows. 

1. Compton and Boyce (Physical Rev., 1929, 33, 145) have shown 
spectroscopically that glowing nitrogen contains four separate 
modifications of the element, viz., (i) neutral unexcited atoms, 
(ii) metastable nitrogen atoms with an energy of 2-37 volts, (iii) 
similar atoms with 3-56-volt and (iv) 8-1-volt metastable molecules. 

2. Oliphant (Proc, Roy. Soc., 1929, 124, A, 228) has found that 
metastable atoms of helium in the 2 38 ground level of the triplet 
system, and having an energy of 19-7 volts, liberate electrons upon 
impact with gas-free molybdenum, the maximum energy of emis- 
sion (Z) agreeing very closely with the value calculated from the 
equation Z + ¢ = M, where M = the energy (in electron-volts) of 
the metastable atom, and ¢ = the work function of the metal (see 
also Webb, Physical Rev., 1924, 24, 113; Messenger, ibid., 1926, 
28, 962). ' 

We may thus expect that since this property of inducing electron 
emission is very probably a general characteristic of excited mole- 
cules, a phenomenon will be observed in active nitrogen similar to 
that obtaining in helium, and the experiments of Constantinides 
appear to confirm this view if we adopt the second of his sugges- 
tions as to the cause of the conductivity of the after-glow, The 
problem of verifying this deduction is simplified when we remember 
that since no metals possess work functions of much less than ca. 4 
volts, the 2-37- and 3-56-volt metastable atoms should not be able 
to induce electron emission, and that the 8-0-volt metastable 
molecules only should be thus effective. 

The present communication describes experiments upon the 
conductivity phenomenon which have been undertaken in the 
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course of a systematic physicochemical study of the properties of 
active nitrogen. 


ExPERIMENTAL. 


1. The Possible Effect of Ions wpon the Chemical Reactivity of 
Active Nitrogen. 

The first series of experiments was devoted to an attempt to 
decide whether charged bodies play any part in the chemical re- 
actions of active nitrogen, a point which had not previously been 
examined. 

Nitrogen, freed from oxygen by hot copper and from carbon 
dioxide and water vapour by soda-lime and phosphorus pentoxide, 
was activated by a condensed A.C. discharge, and passed first 
between two aluminium plates 10 cm. long and 1 cm. apart, and 
then into a bulb to which nitric oxide could be admitted. -Deter- 
minations of the concentration of chemically active nitrogen were 
made alternately (a) with both plates connected to earth, and 
(6) with up to 400 volts across the plates; 48 such experiments, 
conducted under widely varying conditions of pressure and gas- 
flow speeds, showed that the results obtained with a saturation 
field on and off differed by less than the errors of the determination, 
from which we conclude that the removal of all charged bodies 
from active nitrogen is without effect upon its chemical activity. 
In view of the entirely negative result of these investigations, it 
did not seem worth while to apply the test to other reactions of 
active nitrogen such as that with atomic hydrogen and with mercury 
(compare Tiede and Chomse, Ber., 1930, 63, 1839). This does not, 
of course, eliminate the possibility that the charged bodies may 
act in proportion to their concentration relative toa the active 
nitrogen (ca. 1 : 1500, see below), but it is clear that they cannot 
initiate any chain reactions, etc. 


2. (A) The Conductivity of the Glow as a Surface Effect and (B) the 
Alternative Mechanisms of Ion Production. 


(A) Active nitrogen was drawn down a tube into which were 
sealed two plane electrodes of polished zinc, one 33-7 x 2-5 cm., 
the other 33-7 x 0-9 cm., and 2 cm. apart; with the larger electrode 
as cathode, the current obtained at saturation was 2-6 times that 
obtained with the smaller as cathode; since the areas are as 2-8: I, 
our result agrees with that found by Constantinides. 

Addition of another ion-trap up-stream from the main one 
merely reduced the over-all conductivity due to the increased 
natural decay of the active nitrogen before it reached the testing 
electrodes, the current ratio being the same as before. 
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(B) 1. The apparatus used here is shown in Fig. 1. Glowing 
nitrogen was drawn through the tube A, which was 35 cm. long, 
3-7 cm. in diameter, and fitted with plane quartz windows at each 
end. A second tube B, also made of thin quartz, was supported 
just below A and contained three aluminium electrodes, one a 
plate 10 x 1 cm., and the others gauze of 1-2-cm. mesh and made 
of wire of 0-5-mm. thickness, which were sealed to platinum leads 
brought in through the ground joint at C; a mercury-diffusion 
pump with liquid-air trap attached at D enabled the tube to be 
highly evacuated, and attached to the exhaust tube were con- 
nections to the McLeod gauge and a small gas burette from which 
the pressure in B could be adjusted to any desired value. It 
was hoped that the grid-plate arrangement might permit of the 
approximate evaluation of the energy of emission of any photo- 
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electrons ejected from the plate, whereupon, the work function of 
the aluminium being known, the wave-length of the light concerned 
could be estimated. 

A preliminary experiment, in which both grids were connected 
to the anode, showed, however, that when the glow in A fell upon 
the plate in B no current at all could be detected in the electrode 
circuit even by a galvanometer of sensitivity 3 x 10-7 amp./mm. ; 
it was thought that the failure to detect emission from the plate 
might be due to unfavourable surface conditions, so attempts were 
made to activate the plate (i) by degassing it by heating in a 
vacuum, and (ii) by degassing followed by admission of oxygen, 
carbon dioxide, and other gases over a wide range of pressures 
according to the technique employed in the construction of gas- 
filled photocells ; negative results were obtained in all cases, however. 

A final test of the photo-emission properties of the plate was 
made by irradiating it with the unscreened light from a mercury 
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arc in a quartz tube placed above the upper end of the tube 4, 
the intense illumination thus passing through inert nitrogen in A 
and thence to the aluminium surface in B; a decided emission was 
obtained, but at most only ca. one-hundredth of that when the 
metal was actvally in active nitrogen. 

The previous history of the quartz apparatus enabled the rw ¢ 
tion to be made that it was fairly transparent down to 1800 A., 
from which we conclude that if the photo-emission hypothesis is 
correct, the light which is responsible for it must be of wave-length 
less than this. In view of the very thorough investigations made 
by numerous workers upon the active nitrogen spectrum (see 
Kneser, “ Ergeb. exakt. Naturwiss.,” 1929, pp. 229 et seq.), it is 
difficult to assume the existence of any radiation of such wave- 
lengths and in sufficient intensity to give rise to such marked 
effects, and we therefore conclude that the conductivity cannot 
justifiably be ascribed to a photo-emission process and that another 
explanation must be sought. 

2. Assuming that the conductivity is attributable to a deactivation 
of metastable molecules at the electrode surfaces, we may proceed 
(a) to calculate the probable magnitude of the conductivity; (6) to 
examine the effect of processes which are supposed to destroy the 
8-volt metastable molecules, e.g., heating and the passage of a weak 
high-frequency spark in the glowing gas (Strutt, Proc. Roy. Soc., 
1916, 92, A, 438; Bay and Steiner, Z. physikal. Chem., 1930, B, 
9, 93; Cario and Kaplan, Z. Physik, 1929, 58, 369); (c) to investig- 
ate how far it is affected by the wall poisoning which is known to 
be of such importance in active-nitrogen phenomena; and (d) to 
determine the energy of the metastable bodies by a technique 
similar to that employed by Oliphant. 

(a) According to the Cario-Kaplan theory of the nature of 
active nitrogen, the 8-volt metastable molecules to which we 
attribute the conductivity are formed in a triple collision: 2N + 
N,—~> N,°+ N,. We may calculate, by means of the equation 
for triple collisions given in Part VII (J., 1930, 336), what will be 
the rate of production of these metastable molecules, assuming 
them to be formed in the reaction just given. In nitrogen at 
3 mm, pressure and containing 1% of such atoms, the average 
value obtained in ordinary discharges (see Wrede, Z. Phystk, 
1929, 54, 53; Crew and Hulbert, Physical Rev., 1927, 30, 124), 
we have 4, = 7 x 10"! cm., vg = 101”, with other values as before, 
whence the mean rate of formation of the N,° is 2-86 x 10"/c.c./sec. 
We may show that each of these metastable molecules will collide 
with the testing electrodes ca. 10° times in passing through an 
ion trap consisting of two parallel plane electrodes 2 x 30 cm. 
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and 1 cm. apart, and hence, assuming that all are deactivated by 
impact upon the metal surfaces and that each metastable molecule 
yields one electron, we have :— 


tcatc. = 2 X 30 X 2-86 x 10% x 1-6 x 10° = 2-75 x 10% amp. 


In a typical experiment, nitrogen flowing at 2700 c.c./hour (measured 
at N.T.P.), the pressure in the apparatus being 3 mm,, gave a 
saturation current of 1-6 microamps.; hence the ratio 


Seatc. /tobs. == 275 X 10-5/1-6 x 10% = 17, 


We may thus say that the concentration of 8-volt particles as 
calculated is of the order demanded by hypothesis, but if any 
undergo deactivation in the gas phase as a luminiferous process, 
the conductivity observed will clearly be less than that expected ; 
this point will be discussed later. 

(6) The thermal and/or electrical destruction of the active 
nitrogen glow first observed by Strutt has been attributed to a 
deactivation of the 8-volt metastable molecules (Kaplan; Bay 
and Steiner, locc. cit.), and we should thus expect that when the 
luminosity is removed the conductivity should also vanish if the 
phenomenon be, as we suppose it is, due to these molecules. Experi- 
ments showed that this is the case, although, as found before (J., 
1927, 2831), it is possible to maintain the chemical activity almost 
unimpaired by an appropriate choice of working conditions. 

(c) When another gas is added to a stream of luminous nitrogen, 
four things may happen, viz., (i) chemical reaction (e.g., as with 
nitric oxide), (ii) catalytic destruction of any. or all of the meta- 
stable atoms and molecules present (e.g., as with oxygen), (iii) en- 
hancement of the glow through diminution of the wall reaction 
(compare Parts VII and VIII, J., 1930, 336, 1146), and (iv) a mere 
dilution effect. Of these possibilities, (i) and (ii) can be eliminated 
by an appropriate choice of the gases added, while (iii) may be 
considered in the light of previous findings upon the decay of the 
glow in the presence of other gases. This leads to the supposition 
that addition of a gas which is not effective under considerations 
(i) and (ii), but is strongly adsorbed by the walls, will probably lead 
to an increase in the glow intensity and a diminution in the con- 
ductivity through reducing the surface available for deactivation 
of the metastable molecules. 

A tube was therefore constructed (Fig. 2) and provided with two 
parallel plane electrodes of aluminium 35 x 2 cm. and 1°5 cm. 
apart; the ends of the tube were blown to be as thin and as flat 
as possible, and side tubes were provided just beyond the ends of 
the electrodes so that active nitrogen could be drawn through. 
Two cesium photocells used in earlier investigations (Parts VII 
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and VIII, locc. cit.) were mounted in parallel at the end of the 
tube so that measurements could simultaneously be made of current 
and glow integrals; a side tube on the active-nitrogen inlet enabled 
other gases to be added as desired, regulation of the gas concerned 
being effected by a capillary valve. Previous experiments having 
shown that both carbon dioxide and nitrous oxide are probably 
strongly adsorbed under these conditions (Parts VII and VIII), 
these gases were admitted in gradually increasing quantities while 
simultaneous measurements of glow and current were made. It 
was found that in both cases the glow intensity gradually increased 
to a maximum beyond which further addition of diluent had little 
or no effect, while the current first rose to a maximum and then 
fell away, the decrease being very rapid in the case of nitrous 
oxide. 

We explain these observations as follows. The addition of a 
small amount of the diluent gas gives rise to a photogen, i.e., a 
wall-poisoning, effect, whfch stabilises the active nitrogen in the 
tubes leading to the conductivity-measuring part of the apparatus, 
with the result that much more active nitrogen reaches this zone 
than when no photogen is provided; but when the amounts of 
diluent are small, the surfaces are not well covered by a film of 
adsorbed gas (which will be in equilibrium with that in the gas 
phase proper), and hence there is a high electron emission due to 
the exposure of the metal to the impacts of the metastable particles. 
As the quantity of gas added is increased, the adsorbed film becomes 
thicker and more extensive, so that finally a point is reached where 
the active nitrogen entities can reach the metal only upon rare 
occasions and are compelled instead to suffer deactivation as a 
luminiferous process in the gas phase. It is a consequence of this 
hypothesis that, for a given concentration of active nitrogen, the 
current minimum will coincide with the point of maximum glow, 
and vice versa, which was very nearly the case in our experiments, 
but the nitrous oxide is apparently a much more effective inhibitor 
of the deactivation process in which the electron is emitted, although 
the photogenic actions of this and of carbon dioxide are, as found 
earlier (Part VII), practically identical. 

Oxygen, when added in minute traces, enhanced both con- 
ductivity and luminosity (i.e., acted photogenically), but above 
ca. 0-03% feed, both glow and current fell away, the curves running 
approximately parallel. This would suggest that the 8-volt meta- 
stable molecules are catalytically destroyed, as well as the 2-3- 
and 3-5-volt metastable atoms (compare Parts I and II). 

When hydrogen was added under similar conditions, the current 
rose to a very high maximum when small amounts were present, 
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and then decreased rapidly to a point beyond which further addition 
diminished the conductivity only slightly. The glow similarly 
increased a little, but to nothing like such a great extent, the peak 
in the plot of glow intensity against quantity of diluent added 
being not at all marked, and occurring, moreover, at a point where 
the current had fallen to well beyond half of its highest value. 

The effects of traces of the diluent were even more marked 
when the gas was caused to exhaust itself slowly from the apparatus 
by turning off the inlet tap; in such a case a point was eventually 
reached when the conductivity momentarily rose to ca. 20 x 10-6 
amp. and then fell to less than 10-7 amp. A somewhat similar 
“kick ’” was also observed with nitrous oxide when the diluent 
was similarly shut off, but no rise to a maximum could be detected 
in the curves in this case; it may perhaps occur with very small 
additions of diluent which our apparatus could not handle, and 
hence may have been overlooked. 

We find it very difficult to explain this phenomenon, but suggest 
that it may be connected with the observations of Rupp (Z. Elektro- 
chem., 1929, 35, 586) and Suhrmann (Physikal. Z., 1929, 30, 939). 
The former has shown that hydrogen may penetrate into metals 
to a considerable distance even at ordinary temperatures and 
comparatively low partial pressures of the gas, and the latter has 
observed that when a metal containing such adsorbed hydrogen 
is heated in a vacuum, the photoelectric threshold is momentarily 
displaced towards longer wave-lengths, resulting in a temporary 
increase in both photoelectric sensitivity and emission. It has 
furthermore been shown by Kingdon (Physical Rev., 1924, 24, 510) 
that the thermionic emission from a metal is very sensitive to 
minute changes in the fraction of metal surface covered by an 
adsorbed film of gas, and both his investigations and those of 
Fowler (Proc. Roy. Soc., 1930, 128, A, 123) go to show that the 
maximum electron emission may be expected from a surface which 
is neither very clean nor very dirty, in the chemical sense, but at 
some intermediate condition (see also Langmuir, Physical Rev., 
1913, 2, 450). 

We are, therefore, of the opinion that the hydrogen or other 
gas which is present upon the surface when but a minute con- 
centration exists in the gas phase may so alter the work function 
that the probability of electron emission following an impact of a 
metastable molecule will be greatly increased for the short time 
during which the state of affairs exists, and hence the observed 
conductivity will approach more nearly to that calculated. 

These observations suggest that the conductivity would be 
greatly enhanced were the testing electrodes to be kept free from 
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an adsorbed gas film through being heated, and in experiments 
now in hand upon the evaluation of the energy of the metastable 
molecules by a method similar to that used by Oliphant, indic- 
ations have been obtained that this explanation may be realised. 
Details will be published later, but it may briefly be stated that so 
far the results obtained agree with those which are anticipated. 
In conclusion, we suggest that these experiments offer a valuable 
physicochemical clue to the nature of the mechanism of emission 
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of the after-glow. According to spectroscopic data, quoted by 
Kneser (loc. cit.), the choice lies between the processes 


(6) N23 + N,81—> N,104 4+ N—> N,8 + hv, 
(c) N35 +. N,81 > N,"6 + N—> N,8 + hve. 


The mechanism (a) was suggested by one of us (E. J. B. W.) in an 
earlier communication (Part VII), the author having overlooked 
the fact that it was also favoured by Birge (see Kneser, loc. cit., 
p. 244, etc.); and its advantages in connection with purely physico- 
chemical work upon active nitrogen were there fully discussed : 
mechanisms (6) and (c) are, as stated by Kneser, necessary to explain 
intensity distributions in the after-glow spectrum, but it does not 
yet appear possible to decide whether (a) is the principal reaction 
with (5) and (¢) as simultaneous but subsidiary processes, or whether 
these last-named are really the most important. 

In these experiments we have, however, presented evidence that 
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the high electrical conductivity, which we attributed to electron 
emission consequent upon the deactivation of N,® at the electrode 
surfaces, is to be associated with weak after-glows; moreover, 
when we should expect the electrodes to be well covered with a pro- 
tective film of adsorbed gas the glow is strong. This clearly suggests 
that the 8-volt metastable molecules play an important part in the 
glow-emission, and that mechanisms (b) and (c) are probably to be 
preferred to mechanism (a). 
The overall glow-emission process will then be 


N + N,—> N,° +N, 

N,° 4+ N?3 —_» N,™* + W—»> N,° + hy,, 

N,° + N35» N,”5 + yy > N,® + hy,. 
The bimolecular excitations of the N,® molecules will naturally 
be much more frequent than the termolecular processes of form- 
ation, and hence the latter will be the rate-determining step in the 
total reaction; this accounts for the apparent third-order decay 
process of the glowing nitrogen found by Kneser and also by Willey. 

It is worthy of note, in this connexion, that no very definite 
suggestions have hitherto been made as to the origin of the N*%, 
which we still believe, on the balance of evidence, to be the chemically 
active modification of nitrogen, and we now suggest two possible 
methods for its formation. 

(a) The 24-volt excited ion N,**4 is well known to dissociate 
upon collision into one neutral and one ionic atom; N,+#4—~> 
N+ N+ (see Smyth, Proc. Roy. Soc., 1924, 108, A, 116; Turner 
and Samson, Physical Rev., 1929, 34, 373; Hogness and Lunn, 
ibid., 1926, 26, 786). 

Since the heat of dissociation of N,——> 2N is 9-5 volts, the 
energy left for the system N+ N+ is 24 — 9:5 = 14-5 volts, of 
which the process N——> N+ +-e will account for 12-2, leaving 
2-3 volts for the atom N. This conclusion is supported by experi- 
ments of Kenty and Turner (Physical Rev., 1928, 32, 799), who 
found that, when active nitrogen is passed over a chemically clean 
hot tungsten filament, a surface layer of adsorbed nitrogen is 
formed which appears to be about one atom thick; the layer does 
not form when the nitrogen is activated by controlled electron 
bombardment unless the accelerating voltage exceeds the ionisation 
potential of nitrogen (N,—> N,* -+ é at ca. 16 volts), and its rate 
of formation is greatly accelerated at ca. 24 volts. Our hypothesis 
is well in accord with these observations; since we may expect a 
certain amount of electronic excitation of ions already produced at 
the lower potential, i.e., 


N,* (at 16 volts) + e (16 volts) > N,**4, 
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the appearance of the layer at the ionisation voltage is explained 
(compare also Lukirsky and Ptizyn, Z. Physik, 1931, 71, 339). 

(6) A further hypothesis, admittedly somewhat speculative, is 
based upon the recent observations of Oliphant and Moon (Proc. 
Roy. Soc., 1930, 127, A, 373). They have shown that a positive 
ion of helium may capture an electron from a metal to form a 
highly excited atom which immediately passes to its nearest stable 
state, in their case the 19-77-volt metastable level. This follows 
since the ionisation potential of helium is 24-6 volts, and the work 
function of their nickel target 4-77 volts, whence the energy of the 
excited atom is 24-6 — 4-77 = 19-83 volts: to account for the 
difference of 0-06 volt is not germane to our argument. 

The excited body formed from a nitrogen ion N,* would have 
an energy of ca. 16 volts, whence, taking 4 volts as an approximate 
value for the work function of the electrode in a discharge tube, 
we see that a molecule with 16 — 4 = ca. 12 volts might be formed 
in a similar manner. This, being very unstable, would dissociate 
to give one neutral and one excited atom: N,”—>N + N¥*, 
and since the reaction N, —> 2N requires 9-5 volts, the energy of 
the N* would be ca. 2-5 volts. 

It is hoped that experiments now in progress upon the pro- 
duction of active nitrogen in various zones of the discharge will 
provide decisive information upon this very interesting question. 


Summary. 

1. The removal of charged particles from active nitrogen does 
not affect its reaction with nitric oxide and presumably its general 
chemical reactivity. 

2. Experiments by Constantinides have been confirmed, showing 
that the conductivity of active nitrogen is most probably due to 
emission of electrons from the testing electrodes. 

3. The emission is not photoelectric in character, but due to 
actual impact of the active nitrogen upon the electrodes. 

4. The conductivity appears to be due to ejection of electrons 
from the metal testing electrodes by deactivation of 8-volt metastable 
molecules incident thereupon. 


It is a pleasure to express our acknowledgments to Professor 
F. G. Donnan, F.R.S., and Major F. A. Freeth, F.R.S., for their 
provision of means to conduct these experiments; we are also 
indebted to Mr. W. A. Bayliss for assistance in the experimental work. 
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19. On Active Nitrogen. Part X. A Supposedly 
Oxidisable Variety of Nitrogen. 


By Eric Jonn Baxter WILLEY and STANLEY GEORGE Foorp. 


Ir has been thoroughly established by a number of workers (e.g., 
Strutt, Proc. Roy. Soc., 1911, 86, A, 56; Kénig, Z. Hlektrochem., 
1915, 21, 267) that the ordinary “ active nitrogen ” is not oxidised 
either by oxygen or by ozone; much interest therefore attaches 
to the claim of Lowry (J., 1912, 101, 1152; Z'rans. Faraday Soc., 
1913, 9, 189) to have produced a variety which reacts with the 
latter substance to give nitrogen peroxide. During a study of 
processes for the preparation of nitrous gases for flour bleaching 
(Cramp and Leetham, The Electrician, 1906, p. 769), he passed air 
at 70 cu. ft./min. through an ozoniser, a box containing four 3/32” 
spark gaps, and thence to a wooden trunk which was fitted for 
photographic measurement of the absorption spectrum of the 
nitrogen peroxide; the plates obtained were compared with 
standards, and hence the peroxide was estimated. Lowry found, 
in agreement with Cramp and Leetham, that preozonising the air 
supply nearly doubled the yield of nitrogen peroxide as compared 
with that obtained when the sparks were used alone. 

An almost equally marked increase occurred when the sparked 
gas was treated with ozone or passed through an ozoniser; this 
was considered remarkable since ready-made nitrogen peroxide 
was destroyed under the same conditions although it could be 
regenerated by passing the bleached gas through a hot tube; this 
was attributed to the conversion of nitrogen peroxide to pentoxide 
in the ozoniser, followed by a reverse decomposition of the pent- 
oxide when heated. Much the same increased yield was observed 
when the sparked, but not ozonised, air was mixed with another 
current of air which had been separately ozonised; this suggested 
that the effects were chemical in origin rather than electrical. 
These results were attributed to the formation in the spark of an 
unstable modification of nitrogen, which was unaffected by oxygen 
but reacted with ozone. 

An alternative explanation, mentioned by Lowry, is that the 
phenomena may be due to the great difference in the rates of 
oxidation of nitric oxide by ozone and by oxygen, the former 
process being very rapid and the latter very slow; were this so, 
higher concentrations of peroxide should be obtained by circulating 
the gas more slowly, while at the same time the effect of ozonising, 
or adding ozonised air, should be much diminished. Both of these 
phenomena were actually observed, but Lowry rejects the “ time- 
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factor” theory on the ground that under these conditions an 
increase in the number of spark gaps from 4 to 17 raised the per- 
oxide concentration in the emergent air by only about one-third 
instead of 4—5-fold. 

The experiments now to be described show that the foregoing 
results can all be attributed to the great difference in the rates of 
oxidation of nitric oxide by oxygen and ozone, and a theoretical 
treatment of the subject is given which leads to an identical con- 
clusion. 

EXPERIMENTAL. 


1. Apparatus.—The main apparatus is shown in Fig. 1, and 
consists of (a) two independent gas-supply systems, (6) an arrange- 
ment of two ozonisers and one spark gap, (c) a device for the 
photometric determination of nitrogen peroxide by a photocell, 
and (d) a gas burette and condensing traps for a similar analysis 
by chemical means, this last also being available for the estimation 
of ozone. 

(a) The constant-head aspirator is used for mixtures of guses 
which are not available compressed in cylinders, and the flow is 
regulated by the fine-adjustment tap R7',, and measured by the 
venturimeter A. The other supply line is used where the gas can 
be taken from a cylinder, and has incorporated in it a constant- 
head blow-off # and safety valve V; measurement and regulation 
of flow are obtained by the venturimeter B and control tap RT, 
respectively, while a tap 7’, isolates this line from the rest of the 
apparatus when desired. By means of the two-way taps 7’, and 
T.,, any desired gas can be (i) ozonised, (ii) sparked, (iii) ozonised 
and sparked, (iv) sparked and ozonised, or (v) sparked and treated 
with another ozonised gas, whereas the taps 7’, and 7',, together 
with their associated venturimeter C, enable only a part of the 
gas which has passed through the spark to be fed to the second 
ozoniser 0.2, the rest being blown off to atmosphere if desired. 

(6) The ozonisers 0.1 and O.2 are of the ordinary Siemens type, 
60 x 4 cm. with an annular space of 2 mm. The spark passes 
between “ Armco” iron studs which are screwed into a heavy 
brass rod bored out and fitted for water-cooling as illustrated 
(Fig. 2); the diameter of the spark gap is ca. 2 mm. The shape 
of the electrodes is such that they fit fairly closely into the side 
arms of the spark gap tube, and they are sealed in with a thin 
gasket of asbestos paper backed by picein wax; the auxiliary 
electrode in the water-cooling line prevents any trouble arising 
from electrolysis of the water due to electrical leakage through 
the glass spiral connecting the two electrodes. The ozonisers and 
spark are supplied with their appropriate electrical power from 
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three transformers worked off 50-cycle A.C. and entirely inde- 
pendently controlled; approximate values of volts and amperes 
upon the discharges are: ozonisers, 4000 volts, 1-5 milliamps.; 
spark, 500 volts, 100 milliamps. 
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(c) After leaving the second ozoniser, the gas passes to 7’, and 
7, via either of the plane-ended and optically alined photometer 
tubes M.1 and M.2, whose dimensions are: M.1, 175 x 2-5 cm.; 
M.2, 26 x 2-5 cm. The nitrogen peroxide is determined photo- 
metrically with a potassium photocell according to a technique 
already described (Willey and Foord, Proc. Roy. Soc., 1932, in 
the press). 


Fie. 2. 
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(d) The gases which leave the photometer tubes can be diverted 
by 7’, through either of two condensing traps R.1 and R.2, which 
are cooled by liquid air, or through the gas burette G.B., whose 
capacity is 496 c.c. Nitrogen peroxide condensed in R.1 or R.2 
is blown out, at the end of an experiment, by a stream of hydrogen 
admitted via 7',, and its amount estimated by means of potassium 
iodide, as usual; with two traps in parallel, it is possible to run 
the apparatus undisturbed while making continuous chemical 
analyses of the reaction products. Ozone is determined similarly 
by allowing the gas burette to fill with the gas under examination, 
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an amount equal to three or more times the volume of the burette 
being passed to ensure a proper sampling, after which the flow is 
diverted to the condensing-traps line and the gas in G.B. blown 
out through potassium iodide solution according to the usual 
technique. In both cases the iodide was in 5% solution, and the 
titrations were carried out with N/50-sodium thiosulphate, but 
without the starch indicator, since it was found that by using a 
spiral bubbler of capacity 45 c.c. (compare Willey and Foord, 
loc. cit.), the stirring of the solution being done by the current 
of hydrogen, the change in colour could be detected by eye. 

2. Calibration of Apparatus.—(a) Venturimeters were calibrated 
by means of the constant-head aspirator before being incorporated 
in circuit; in all cases a linear relation was found to hold between 
head of liquid in the meter and flow speed of gas. Meters A and B 
were filled with concentrated sulphuric acid, and C with medicinal 
paraffin (“‘ Nujol ’’). 

(6) Ozonisers were also calibrated on both air and oxygen over 
a wide range of flow speeds and currents supplied to the trans- 
former. It was found that slow streaming and high currents gave 
the highest concentrations of ozone, and oxides of nitrogen could 
never be detected. 

Results. 


(1) In the first series of experiments pure nitrogen, as used for 
the preparation of “ active nitrogen,” was sparked and mixed with 
air, oxygen, ozonised air, or ozonised oxygen. The time (At) elapsing 
between sparking and treatment with diluent ranged from 0-25 sec. 
to 60 secs. with concentrations of ozone up to 2% in the diluent. 
About twenty such runs were made, but in no case could the slightest 
formation of nitrogen peroxide be detected; 1 oe in 10,000 parts 
could have been measured with ease. 

(2) A second series of six experiments was made in which nitrogen— 
oxygen mixtures containing 96, 92, 91, 93, 90, and 80% of nitrogen 
were sparked and mixed with equal amounts of ozonised oxygen; 
At varied from 0-25 sec. to 6 secs. In no case was the amount of 
nitrogen peroxide altered by switching off the ozoniser so that 
oxygen only was employed as diluent. 

(3) An equal number of similar experiments was made in 
which the nitrogen-oxygen mixture was ozonised before sparking ; 
no change in peroxide yields could be found. 

(4) Two further attempts were made to repeat Lowry’s results, 
air being sparked at pressures of 560 and 180 mm. and (i) mixed 
with ozonised oxygen (O, = 0-3%), (ii) preozonised; the concen- 
trations of peroxide were unaffected by either treatment. 

In all experiments of series (2), (3), and (4), the concentration of 
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ozone was never permitted to exceed that of the nitric oxide, cal- 
culated from the final yield of peroxide; the importance of this 
will appear later. 

(5) A number of experiments was made in which air was pre- 
ozonised and then blown through the spark, the amount of ozone 
produced in the ozoniser being increased in successive small amounts 
beyond the concentration of peroxide obtained with the spark 
alone. Whenever the molecular ratio O,: NO exceeded unity, 
the yield of peroxide diminished approximately in proportion to 
the excess of ozone, as shown by results of a typical experiment : 


ae EAS 0:00 0-04 0:06 009 0-16 0-17 O19 0-21 0-23 
NO 55% soe. 0-16 O16 O16 O16 O16 O13 0-10 0-04 0-02 

(6) The apparatus was then modified by inserting a small absorp- 
tion tube immediately below the spark in the gas stream, the 
volume between the spark and the entrance to this extra tube being 
only 1-5 c.c.; the ozone inlet was fitted opposite to that of the 
main gas so that with a flow speed of 16 litres/hour the sparked 
gases could be treated with the reagent within 0-3 sec. This extra 
absorption tube was fitted for measurement of peroxide by a photo- 
cell as already indicated and was calibrated against the first one 
by filling the apparatus with nitrogen peroxide diluted with nitrogen 
and observing the corresponding photoelectric currents as the 
apparatus was gradually evacuated. Of the two absorption tubes, 
that nearer the spark will be termed tube 1, that further away, 
tube 2. 

The following experiments were then made: (a) Air at 16 1./hour 
was sparked, and the peroxide measured in both tubes; that in 
tube 1 was 0-02%, in tube 2, 0-07%, but when the air was pre- 
ozonised, both contained 0-07%. (6) Air at 8 1./hour was sparked 
and mixed with an equal feed of ozonised air; the concentration 
in both tubes was 0-04% and remained throughout at this figure 
in tube 2, but fell to 0-02 % in tube 1 when the ozoniser was switched 
off, 

Other experiments following the same procedure gave similar 
results unless the flow speeds were too much reduced, in which case 
the concentrations in tubes 1 and 2 became equal. 

In the course of these experiments we have confirmed the observ- 
ation of Warburg and Leithauser (Ann. Physik, 1907, 23, 209), 
that addition of more than traces of peroxide to oxygen inhibits 
the production of ozone therein. This does not appear to be due 
to the cyclic reaction 2NO, + O, —> N,O, + O,, N,O; + 0; —> 
N,O, + 03, N,O,—> 2NO, + O,, etc., since nitrogen pentoxide 
is known to be fairly stable in the presence of ozone. From the 
present experiment it would seem that ozone is actually formed in 
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the usual way, but is destroyed by the cyclic reaction 2NO, + 
0, —> N,O,; + O,, N,O;—> 2NO, + O, the second step repre- 
senting an electrical decomposition of pentoxide. 


Discussion. 

We may first consider some well-established facts relative to 
the synthesis of nitrogen peroxide by the spark in nitrogen—-oxygen 
mixtures: (a) The primary product of the spark is nitric oxide 
(compare inter alia, Haber and Kénig, Z. Elektrochem., 1907, 13) 
725; ibid., 1908, 14,689). (6) Although the termolecular oxidation 
of nitric oxide by oxygen is very slow (e.g., Bodenstein, ibid., 1918, 
24, 183), the bimolecular reaction with ozone is practically instan- 
taneous (Helbig, ibid., 1906, 12, 550; Foerster and Koch, Z. angew. 
Chem., 1908, 21, 2161, 2209; Wulf, Daniels, and Karrer, J. Amer. 
Chem. Soc., 1922, 44, 2398). (c) The amount of nitric oxide pro- 
duced in unit time depends upon the amperage in the discharge, 
and provided that the spark be long enough to allow of adequate 
contact of the gases with the discharge, the rise in voltage which 
accompanies an increase in discharge length has no particular 
effect ; 7.c., the synthesis follows a law of electrochemical equivalence 
(for the latest work upon this subject, see papers by Brewer and 
collaborators, J. Physical Chem., 1929, et seq.). 

When these considerations are applied to Lowry’s results, the 
latter may be explained without postulation of an oxidisable active 
species of nitrogen or of a nitrogen oxide which reacts with ozone 
but not with oxygen. 

Bodenstein has shown (loc. cit.) that the rate of oxidation of 
nitric oxide by oxygen may be expressed by the equation 


— d{NO]/dt = k,[NOP[O.). . . . + () 


in which k, = 6-87 x 10~ at 16°, the unit of pressure being mm. 
of bromonaphthalene; to express this in mm. of mercury we 
multiply by the square of the ratio of the densities, t.e., by (13°59/ 
1-49)? = 82, whence k, = 5:7 x 10°. Since but small amounts 
of oxygen are removed in the oxidation of nitric oxide in the quanti- 
ties encountered by Lowry, we may write the integrated form of 
equation (1) as 
k,.150.t=I1f(a—z)—lfa . . . .« (2) 


where 150 = partial pressure of oxygen in air, a = initial concen- 
tration of nitric oxide, and 2 = concentration of peroxide at ¢ sec., 
all expressed in mm. of Hg. 

In his first experiments, Lowry used air flowing at 70 cu. ft./min., 
and since his observation trunk was 64 ft. x 9 sq. ins. cross section, 
it follows (assuming, in the absence of further data, that the volume 
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of the spark box was small compared with that of the trunk) that 
the time elapsing between the air being sparked and leaving the 
trunk will be 3-4 secs. Substituting this value for ¢ in equation (2), 
we find that in order that x shall be equal to 0-9a, i.e., that the nitric 
oxide shall be 90% oxidised before leaving the apparatus, its initial 
concentration, a, must be 3-1 mm. (i.e., 1 : 245), whereas in the 
experiments without ozone where the highest concentrations of 
peroxide were obtained, the mean value of x in the trunk was 
ca. 1 : 7000, i.e., 0-1 mm.; hence we see that it was quite impossible 
for more than a small fraction of the nitric oxide to become oxidised 
in ca. 3 secs. under these conditions. 

Trustworthy data upon the velocity of the reaction between 
nitric oxide and ozone are lacking, but as all workers are agreed 
that it is very high, we may conclude that the increased yields of 
peroxide obtained by Cramp and Leetham, and by Lowry, when 
they ozonised the very rapid streams of air employed in their 
experiments, may be ascribed to the occurrence of the rapid re- 
action NO + 0, —> NO, + Q,, in preference to the slower change 
2NO + O,—> 2NO,. If this be so, it follows that when a lower 
air speed is employed to allow more time for the sparked air to 
mature before its peroxide content is measured, little or no effect 
should be produced by ozonising, as was observed by Lowry. 
Where a flow of 4 cu. ft./min. was used, the time between the air’s 
being sparked and its leaving the apparatus would be 480 secs., 
whence we may calculate that 90% oxidation would be attained, 
at this flow speed, in air containing initially 0-02 mm. of nitric 
oxide; since 0-24 mm. of peroxide was actually measured, we see 
that oxidation would here be practically complete in the absence 
of ozone. 

The experiments in series (6), in which Lowry’s results are con- 
firmed when the ozone is added before the sparked gas matures, 
or when ozonising is carried out with air at high flow speeds, provide 
experimental support for the views expressed above. 

We would emphasise that this explanation was considered quali- 
tatively by Lowry, but rejected in favour of the “ active gas” 
theory on the grounds that, as already indicated, an increase in 
the number of spark gaps produced no rise in the concentration 
of peroxide. Since no mention is made of any other alteration in 
the electrical errangements, we assume that the same power was 
supplied in the cases when, in view of the electrochemical equivalence 
effect mentioned earlier, no change in peroxide yield should have 
been found, other than a small increase due to the larger amount 
of air coming into contact with the larger number of sparks. 

The bearing of our own experiments upon this subject is now 
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considered. Series (1) shows that no form of active nitrogen can 
be produced in a spark which can react with ozone 0-25 sec. after 
its formation, and in view of the large amount of work done recently 
upon active nitrogen and the nitrogen spectrum, we think that the 
evidence is all against the existence of such a substance. 

In Series (2), (3), and (4), equally negative evidence is presented 
for a nitrogen oxide which can react with ozone but not oxygen, 
and in series (5) the results provide definite disproof of such a 
view. Remembering that nitric oxide and ozone may react to give 
either nitrogen peroxide or pentoxide, we see that when a gas 
containing nitric oxide is treated with ozone, then so long as the 
0, : NO ratio does not exceed unity, the final yield of peroxide will 
be equal to that obtained if oxygen were used instead; if, how- 
ever, an excess of ozone is present, some will produce peroxide and 
the rest will carry the oxidation to the pentoxide stage. Now, 
were any other ozone-reactive substance present, this simple 
stoicheiometric ratio would be upset, a possibility which is definitely 
negatived by our results. 

Summary. 

A search has been made for a modification of nitrogen, or an 
unstable nitrogen oxide, which can react with ozone to give nitrogen 
peroxide, and whose existence had been postulated by Lowry from 
earlier results obtained by him. No evidence for such a substance 
has been obtained, but much against, and it is furthermore shown 
that Lowry’s results may be interpreted on the basis of known 
reactions of the nitrogen oxides and ozone. 


We desire to express our thanks to Professor F. G. Donnan, 
F.R.S., for his interest in these investigations, and to the University 
of London for a scholarship which has enabled one of us (S. G. F.) 
to participate therein; in the experimental work we have been 
much helped by Mr. W. A. Bayliss, to whom our acknowledgments 
are also due. 
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20. Magnetism and Valency. Part I. 
Copper and Silver Compounds. 
By SamMvuEL SuGDEN. 


In this series of papers it is intended to make a survey of the mag- 
netic moments of substances which exhibit paramagnetism with 


special reference to the transition elements. Both simple and 
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complex salts will be studied in order to elucidate the influence of 
co-ordination as well as the effect of the principal valency of the 
ion or atom concerned. 

It is already well known that changes in principal valency bring 
about changes in magnetic moment which can be correlated with 
atomic structure. In general, atoms or ions which contain com- 
pleted sub-groups possess zero, or very small, magnetic moments 
and are diamagnetic, whilst those in which the sub-group is in- 
completely filled are paramagnetic. It is theoretically possible, 
however, for an atom with an even number of electrons in an 
incompletely filled sub-group to be diamagnetic. For atoms of the 
first transition series (Se to Cu) the magnetic moment in Bohr 
units (5593 e.s.u.) should lie between 


u, = V4a(s + 1) and pg = V4e(8 + 1) +074+1) . (1) 


(compare Stoner, Phil. Mag., 1929, 8, 250). Here s is the total 
spin moment of the electrons in the sub-group, and / their “ orbital ” 
magnetic moment. 

Thus yp, deals only with the contribution of the electron spin 
to the magnetic moment and neglects the “ orbital’’ moment, 
whilst yg takes the latter factor into account. It is a remarkable 
fact that most of the simple salts of elements of the first transition 
series give moments which are very close to y,. Stoner (loc. 
cit.) suggests that interaction with neighbouring atoms in the solid 
state or in solution interferes with the / component and largely 
eliminates it. 

The influence of co-ordination upon magnetic moment has been 
studied experimentally by a number of workers, notably by Rosen- 
bohm (Z. physikal. Chem., 1919, 93, 693), and theoretical dis- 
cussions have been given by Welo and Baudisch (Nature, 1925, 
116, 606) and more recently by Pauling (J. Amer. Chem. Soc., 1931, 
53, 1391). Welo and Baudisch trace a relation between the mag- 
netic moment and the “ effective atomic number,” assuming that 
the co-ordinated groups are held by shared pairs of electrons; this 
relation breaks down in a number of cases and need not be further 
considered here. Pauling’s theory is in terms of wave-mechanics 
and leads to interesting conclusions concerning types of valency 
linkage and magnetic moment. It will be considered further in 
Part II of this series in connexion with measurements on nickel 
compounds. 

The present paper is concerned with the data for copper and silver 
compounds, In the univalent condition the ions of these elements 
possess a complete sub-group of 10 electrons (in the 3, level for copper 
and the 4, level for silver); hence they should be diamagnetic 
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and give »=0. The bivalent ions will have only 9 electrons in 
this sub-group and should therefore be paramagnetic. For such a 
sub-group, Pauli’s exclusion principle gives s = 4 and / = 0, 1, or 
2; hence p, = 1-73, and pg = 1-73, 2-24, or 3-00. 

The experimental determination of » involves the measurement 
of the atomic mass susceptibility, y,, preferably over a range of 
temperatures so that the constants C and 96 in the Weiss law 
ya(Z' — 8) = C can be evaluated; yp is then given by 


up = 2838/0 = 283 Vy(T—0) . . . (2) 
For many substances, particularly those in which the magnetic 


atoms are widely separated, 6 is found to be very small or zero, 
and the equations reduce to the simple Curie law 
ur = O, p= 283BVy7T. . . (3) 

so that u can be determined by observations of y, at one temper- 
ature only. This method has been adopted in the present series of 
papers in order to cover as wide a range of compounds as possible, 
and the values of » quoted in the tables are calculated from equa- 
tion (3). Some caution must therefore be observed in discussing 
these values, as anomalies may be due to the neglect of 6. Thus 
Welo has found (Phil. Mag., 1928, 6, 481) that certain iron com- 
plexes give large negative values of 0. It is hoped later to investi- 
gate anomalous substances, e.g., cupric oxide, over a range of 
temperatures. 

The data for copper compounds are collected in Table I. The 
columns headed x and yy give the measured susceptibility per g. 
and per g.-mol. respectively. 3is the correction for the diamagnetism 
of the atoms or groups attached to the copper atom; it is computed 
from the constants quoted in Table II, which is compiled partly 
from “ International Critical Tables,” VI, 349, and partly from 
Stoner (‘‘ Magnetism and Atomic Structure,” Methuen and Co., 
London, 1926, 122). By subtracting 8 from yy, the mass suscept- 
ibility for a g.-atom, x4, is obtained, and from this, by equation (3), 
the magnetic moment uy. 

It will be seen that the cuprous compounds, except the oxide, 
are all diamagnetic in accordance with theory. The small para- 
magnetism of the oxide has been found in several specimens pre- 
pared by reduction of Fehling’s solution and may be due to a trace 
of absorbed cupric salt although the analyses show that the sub- 
stance examined is essentially cuprous oxide. 

The cupric compounds are all paramagnetic and, with the 
exception of the oxide and the acetate, give values of » close to 
the theoretical value. This is true not only for the simple salts 
but also for the co-ordinated complexes. Of the latter, two types 
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are considered, namely, ionised tetrammines and un-ionised chelated 
compounds with acetylacetone and its homologues. In all these 
compounds the magnetic moment is close to the value calculated 
for the spin component only; the orbital component appears to 
play little part in simple or complex salts of copper. In solution, 
simple cupric salts obey Curie’s law and give » = 1-92 (Stoner, 
op. cit., p. 130). 











TaBeE I. 
Copper Compounds. 
Ob- 
No. Substance. server. t. x: xM- 8. XA: pi. 
1 Cu,0 8 21° +010 +14 — 4 + 18 0 
2 CuCl oe 18 —008 — 8 — 20 + 12 0 
3 CuBr M 17 —0-25 — 36 — 31 — 6&6 90 
4 Cul os 17 —018 — 34 — 45 +11 0 
99 Ss 19 —023 — 44 — 45 + 1 0O 
5 CuCNS “ 20 —0:22 — 27 — 30 + 3 0 
6 CuO M 17 +2-90 230 — 4 +234 0-74 
” Ss 17 3°17 252 — 4 +256 0-77 
7 CuCl, I 19 9-10 1224 — 40 1264 1-72 
” F 17 9-31 1252 — 40 1292 1-73 
8 CuCl,,2H,O - 17 8-35 1424 — 66 1490 1-86 
9 CuCl,,2NH,Cl a 17 5-23 1221 -—120 1341 1-76 
10 CuCl,,2NH,Cl,2H,0 ,, 17 4-95 1334 —146 1480 1-85 
ll CuCl,,2KCl a 17 4-28 1213 —102 1315 «1-75 
12 CuCl,,2KCI,2H,O oo 17 4:30 1375 —128 1503 1-87 
13. CuCl,,2NaCl = 17 648 1250 — 64 1314 1-75 
14 CuCl,,KCl 99 17 6-03 1261 — 5l 1312 1-75 
15 CuBr, if 17 6-13 1370 — 62 1432 1-82 
16 CuSO, 99 17 6-72 1072 — 37 1109 (1-60) 
” ¥ 17 8-6 1372 — 37 1409 1-81 
17 CuSO,5H,0 - 17 5-9 1472 —102 1574 1-91 
*” 8 19 614 1532 —102 1634 1-95 
18 Cu(NO,),,6H,O E ca.20 550 1625 —114 1739 2-02 
19 Cu(C,H,O,),H,O » 20 $27 653 — 73 -726 (1-31) 
20 [Cu4NH,](NO,), 18 651 1409 — 92 1501 1-87 
21 ([(Cu4NH,]80,,H,O po 18 5-71 1403 —106 1509 1-87 
22 [Cu enJCl, 99 18 7:24 1409 — 88 1497 1-87 
23 [Cu en]Br, a 18 4-97 1409 —110 1519 1-88 
24 [Cuen}(SCN), 99 18 5-89 1411 —124 1535 1-89 
25 [Cu en]SO,,2H,0 pe 18 653 1414 —1l1l1l 1525 «1-89 
26 [Cu 2py]Cl,* ‘ 18 4:25 1243 —134 1377 1-79 
27 [Cu 2acac] 5 16 592 1548 — 97 1645 1-95 
28 [Cu 2prac] = 19 4-91 1422 —122 1544 1-90 
29 [Cu 2buac] » 22 412 1309 —144 1453 1-85 
30 [Cu 2bzac] ’» 22 3-23 1246 —176 1422 1-83 
en = ethylenediamine. 
py = pyridine. 
acac = acetylacetone residue, C,H,O,. 
rac = ae oe cee Ne residue, C,H,O,. 
uac = butyrylacetone residue, C,H, ,03. 


bzac = benzoylacetone residue, C,»H,O,. 

References.—E, Endo, Sci. Rep. Téhoku, III, 1925, 14, 479; F, Feytis, 
Compt. rend., 1911, 158, 666; 1913, 156, 886; M, Meyer, Ann. Physik, 1900, 
1, 668; R, Rosenbohm, Z. physikal. Chem., 1919, 98, 693; S, Sugden, this 
paper. 

* For this substance Rosenbohm gives xu = 1413, which is not in agree- 
ment with the formula and the experimental value of x. 
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The anomalous value found for the oxide may be due to the 
assumption of a Curie law for this substance which is by no means 
“magnetically dilute.” If the true moment is 1-73, then the value 
of 0 in the Weiss equation (2) is — 1170°. This is large, but similar 
large values of 9 (up to — 700°) have been found for basic iron 
complexes (Welo, loc. cit.). 


TasieE II. 
Diamagnetic Corrections. 
Tons. 
eT ete 

C — 6-25 
H — 3-04 Na’ — 4 NO,’ —18 
N — 56-80 K’ —1l1 ClO,’ — 26 
0’ — 461 NH, —20 ClO,’ —3l 
0” + 1-73 cry —20 C,H,0,’ —30 
8 —15-6 Br’ —3l1 S80,” —37 
Benzene structure — 15 I’ —45 8,0,” —74 
Double bond — 57 CNS’ —30 
Two or more double bonds —11-0 
H,O a 13 
NH, _ 14 


The data for silver compounds are given in Table III. The 
argentous compounds are all diamagnetic and give practically 
zero moment. No simple salts of bivalent silver are known, but 
stable complex salts containing the metal co-ordinated with nitro- 
genous organic bases have been described by Barbieri (Gazzetta, 
1912, 42, ii, 7; Ber., 1927, 60, 2424), Hieber and Muhlbauer (Ber., 
1928, 61, 2149), and by Morgan and Burstall (J., 1930, 2554). 
Preliminary work with tris-ca«’-dipyridyl argentic chlorate has 
shown that in this substance bivalent silver is paramagnetic 
(Morgan and Sugden, Nature, 1931, 128, 31). Professor Morgan 
and Mr. Burstall have generously placed the whole series of dipyridy] 
complexes at the author’s disposal so that Table III contains data 
for a range of bivalent silver complexes. In every case it is found 
that these salts are paramagnetic and that the moments are of the 
same order of magnitude as those of bivalent copper. This result 
provides strong evidence for the view that the bivalency of the 
complex is due to the presence of a bivalent silver ion and not to 
incomplete co-ordination of the nitrogen atoms which might leave 
one of them free to function as a base. 

It is noteworthy that the compounds in which silver has the 
co-ordination number 6 (Nos. 39—42) give a distinctly higher 
value of py. An attempt was made to examine argentic oxide, 
prepared as described by Austin (J., 1911, 99, 262), but the products 
obtained varied in composition and were all diamagnetic. This 
substance is being further investigated. 
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Tasxe III. 
Silver Compounds. 
Ob- 

No. Substance. server. tt, x xm- 5. Xa- fw 
31 AgCl M 17° —066 — 9 — 20 — 75 0O 
32 AgBr Ae 17 —061 —115 — 31 — 8 0O 
33 Agl a 17 —0-73 —172 — 45 —127 0 
34 AgNO, Ss 20 —021 — 36 — 18 — 18 0 
35 [Ag 4py]NO, se 20 —0-25 -—121 —206 81 0 
36 [Ag 2dipy]NO, o 24 —0-46 —224 -—220 — 4 0 
37 [Ag 4py]8,0, mt 16 169 1041 —262 1303 1-74 
38 [Ag 2dipy]s,0, “ 23 1:83 1091 —276 1367 4-80 
39 [Ag 3dipy](NO;), + 21 2:16 1512 —339 1851 2-09 
40 [Ag 3dipy|(ClO,), - 20 1:93 1434 —355 1789 2-05 
41 [Ag 3dipy}(ClO,), ~ 24 2-31 1790 —365 2155 2-16 
42 [Ag, 5dipy|(S,0,),  ,, 24 203 2801 —653 1720 2-03 


dipy = aa’-dipyridyl. 


EXPERIMENTAL. 


Preparation of Materials—A.R. Copper sulphate and _ silver 
nitrate were recrystallised, air-dried, and taken as pure. The 
copper derivatives of the 6-diketones (Nos. 27—30) were recrystal- 
lised to constant melting point. Cuprous oxide was prepared by 
reducing excess of Fehling’s solution with glucose and was dried 
in a vacuum over phosphoric oxide (Found: Cu, 85-8. Calc. : Cu, 
88-87). Cupric oxide was prepared by ignition of the nitrate (Found : 
Cu, 79-2. Cale.: Cu, 79-9%). 

Cuprous chloride, iodide, and thiocyanate were prepared by 
reduction of A.R. copper sulphate with sulphur dioxide and pre- 
cipitation with the appropriate reagent ; they were dried over phos- 
phoric oxide (Found in CuCl: Cu, 63-7. Cale. : 64-2%. Found in 
Cul: Cu, 33-0. Cale.: 33-3%. Found in CuCNS: Cu, 51-9. 
Cale. : 52-3%). 

Tetrapyridine argentous nitrate (Found: Ag, 22:4. Cale. for 
[Ag 4py]NO,: Ag, 22-2%) was prepared by adding excess of 
pyridine to a concentrated solution of silver nitrate and was dried 
in a vacuum over caustic potash, m. p. 59° (Jérgensen, J. pr. Chem., 
1886, 33, 502, obtained the dipyridine derivative of m. p. 87° by a 
similar reaction, but his product was dried over sulphuric acid). 
Tetrapyridine argentic persulphate was prepared as described by 
Barbieri (Joc. cit.) and was dried in the same manner as the nitrate 
(Found: Ag, 17-5; 8, 10-0. Cale.: Ag, 17:7; 8, 10-49%). 

For the preparation and analysis of the dipyridyl complexes, 
see Morgan and Burstall (loc. cit.). 

Determination of Magnetic Susceptibilities—For this purpose the 
Guoy method was chosen, in which one end of a column of the sub- 
stance is suspended in a uniform magnetic field and the pull exerted 
by the field is measured. The experimental arrangement,is shown 
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in Fig. l(a). The stirrup of stiff brass wire C is suspended by a 
fine copper wire from the arm of a balance mounted on a shelf 
about a foot above the magnet. The stirrup supports a glass tube 
B, into which the experimental tube A slides loosely. The length 
of the suspension is adjusted so that the bottom end of A is at 
the centre of the gap between the wrought iron pole-pieces D. 
These were of square cross-section and had the dimensions shown in 
the diagram. This arrangement facilitated the removal and replace- 
ment of the tube A and ensured that the lower end of the column 
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of substance was always in the centre of the gap. The magnet 
coils had 3000 turns, and with a current of 3 amps. gave a field of 
the order of 3600 gauss. 

In carrying out an experiment, the tube A was packed as uni- 
formly as possible with the powdered substance to a fixed height 
and was placed in position. Screens were then erected to protect 
the tube from draughts and the apparatus left for 20 mins. to 
attain room temperature. The thermometer was then read and the 
weight of the tube accurately determined by the method of swings. 
The current was then switched on and the change in weight deter- 
mined. As a check, the current was switched off and the weight 
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redetermined ; this usually did not differ from the first observation 
by more than 0-1 mg. Blank experiments with the empty tube 
showed that it was feebly paramagnetic and gave a pull of 0-20 mg. ; 
this weight was subtracted from the pull observed with the tube 
full. 

The theory of the method may be briefly described as follows. 
In Fig. 1(b) let A be the cross-sectional area of the column of sub- 
stance, x, its volume susceptibility, «x, the susceptibility of the 
atmosphere, and H, and H, the field at the lower and the upper 
end respectively; then the pull exerted on the cylinder is 


2F 
F = 3A(x, — «.)(H,? — H,”) or xy = ky + AH?—He) * (4) 





Let w be the weight of substance and 7 the length of the column; 

then the density is d = w/lA and the mass susceptibility is given 

by 
no OS ye 

a bry w * (2 — HP) w ae. 





For the tube used, JA is 1 c.c., and x, for air is 0-03 x 10°; hence 


(5) reduces to 
10°y = 0-038/w+aF/w. ... . (6) 
where « is a constant for the apparatus, which can be determined 
by observations on suitable standard substances. 

The constancy of « depends, however, on that of H, and H,. 
With suitable pole-pieces, it is easy to ensure that H, is constant 
for several mm. on either side of the centre of the gap. Since 
the weighing is made by swings, the experimental tube must move 
a little about its mean position; this effect was minimised by 
limiting the extent of the swings, but as H, varies rapidly with 
distance from the centre of the gap it is evident that serious errors 
can arise if the column of substance is so short that H,* has an 
appreciable magnitude compared with H,?. To eliminate this 
error, the field was explored by using a tube filled with a long 
(10 cm.) column of copper sulphate. It was found that the field 
was uniform for 5 mm. above and below the centre of the gap, 
i.e., H, is constant, and became negligibly small compared with H, 
at 4 cm. above the centre point. The length of the column of 
material in the experimental tube was therefore fixed at 4-5 cm. 

An ammeter and variable resistance were included in the circuit 
of the magnet, and the influence on the field of change in current 
investigated. It was found that at 3 amps. the iron core was almost 
saturated and that increasing the current to 4 amps. gave only 
5% increase, The current was therefore fixed at 3-00 + 0-05 amps. 
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for all subsequent experiments, as this gave a field of sufficient 
intensity without undue heating of the coils. 

As magnetic standards for calibration, the following substances 
were chosen, since their susceptibilities have been accurately deter- 
mined by Jackson (Phil. Trans., 1924, A, 224, 1): 

FeSO,,7H,O 4166" = 41-46 x 10%; 6 = — 1° 

(NH,),SO,,FeSO,,6H,O 7.3: = 32-57 x 10%; 6 = — 1° 

(NH,),SO,,NiSO,,6H,O  3-5- = 10-68 x 10-*; 6 = — 4° 
The specimens used were of A.R. quality and were recrystallised 
and air-dried. Details of the calibration experiments are given in 
Table IV. 


TaBie IV. 
Calibrations. 
Substance. t. x: w. F. a. 
Paar ae 20° 44098  1:317 828 0-651 
get) 2 A) eethaeetheddnbeasheses 19 41-12 1-481 92-4 0-659 
FeSO,,(NH,),80,,6H,O ...... 19 32-38 1-350 65-3 0-669 
ek oe” aw SOMREe 21 32-16 1-350 64-6 0-671 
NiSO,,(NH,),80,,6H,O ...... 21 10-40 1-267 20-0 0-657 
was F< 41. na EL peta 25 10-27 1-153 18-1 0-652 
Mean 0-660 


The mean value of « was then used to calculate y. Thus, 
for copper acetylacetonate at 16°, w= 0-896 g.. F = + 8-00 
mg. Hence 10% = 0-03/0-896 + (0-660 x 8-00)/0-896 = 5-92, or 
xy = 5-92 x 10. 

The value of F could be determined to 0-05 mg.; this corresponds 
to an error of 0-03 x 10 in x. Of other sources of error the most 
important seems to be that due to uneven packing of the material 
in the tube. To minimise this the powdered substance was rammed 
into the tube with a closely fitting glass rod in successive small 
quantities each sufficient to give a layer about 3 mm. high. Since 
equation (6) involves the ratio F/w, it is evident that small local 
variations in the density of the column will only give an error of the 
second order in y. In support of this view it was found that experi- 
ments in which the substance was lightly or heavily packed (compare 
the data for ferrous sulphate in Table IV) gave a constant ratio 
P fw. 

Summary. 

(1) The magnetic susceptibilities of 10 compounds of copper and 
9 compounds of silver have been measured at room temperature. 

(2) From these and other data in the literature, it is found that 
both copper and silver in the univalent condition have zero mag- 
netic moment, whilst the bivalent atoms of these elements exhibit 
moments of 1-72—2-16 Bohr units, in fair agreement with the value 


predicted for one unbalanced electron. 
G2 
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Since this paper was written Klemm (Z. anorg. Chem., 1931, 
201, 33) has published data for the susceptibility of [Ag 4py]S,0,, 
Xa = + 1200 x 10, and for [Ag 2(0-phenanthroline)]S,0., x« = + 
1100 x 10%, The first figure is 16% higher than the value 
found by the author, but both results are of the right order 
of magnitude for a substance containing an element with unit 
(Bohr) magnetic moment. Klemm finds that argentic oxide, 
AgO, is feebly paramagnetic, whilst the author has so far only 
obtained diamagnetic specimens. 


BrrKBECK CoLLEGE (UNIVERSITY oF LONDON), 
FEeTTer Lane, E.C. 4. [Received, November 23rd, 1931.] 





21. <A Paramagnetic Organic Compound. 
By JoserpH Kenyon and SAMUEL SUGDEN. 


A FEW years ago one of us, in collaboration with Dr. F. H. Banfield 
(J., 1926, 1612), showed that the substance C,,H,,O,N, of structure 
(I) gives on mild oxidation a red compound C,,H,,0,N, to which the 
structure (II) was assigned. The red substance has an odd number 
of electrons in its molecule due either to a quadrivalent nitrogen 
atom (marked *) or to the valency of 1 for the adjacent oxygen 
atom. 


Me,C-CH,*CMe Me,C-CH,*CMe 
(I.) |} O<} =) 
PhN-OH NPh PhN:O “NPh 
*~ 


Compounds with an odd number of electrons must contain an 
unpaired electron and should exhibit paramagnetism (Taylor and 
Lewis, Proc, Nat. Acad. Sci., 1925, 11, 456). We have therefore 
measured the magnetic susceptibilities of the substances (I) and (II) 
and find that, whilst (I), in common with nearly all organic com- 
pounds, is diamagnetic, (II) is strongly paramagnetic and its mole- 
cule has a magnetic moment very close to the value predicted for one 
unbalanced electron, viz., 1 = 1-73 Bohr magnetons. 

The susceptibilities were measured by the Guoy method in the 
apparatus described by one of us (preceding paper). The following 
results were obtained for the solid substances : 


Substance. t. x: xm: 3. Xa pf: 
I 22° —0-44* — 131 (193) — — 
II 17 +3-95 +1165 — 128 +1293 1-73 


* All susceptibilities are quoted in units of 10-* e.m.u. 


The molecular susceptibility of (I) is lower than the value predicted 
from Pascal’s constants (193); it seems preferable to use the experi- 
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mental value in computing the diamagnetic correction, 3, for (II). 
The moment is obtained by the equation » = 2°834/,,7, which 
assumes Curie’s law. 

Since solutions usually give very close approximations to Curie’s 
law, measurements were also made on (II) dissolved in benzene. 
For this experiment a tube of larger cross-section was used to 
increase the accuracy, and was calibrated with water (y = — 0-719) 
and with a solution of copper sulphate ; for the latter it was assumed 
that the cupric ion had a moment of 1-93 (Weiss, J. Physique, 
1924, 5, 129). A solution containing 20-33% of (II) in benzene 
gave x = + 0-471. The benzene used had x = — 0-723 (“ Inter- 
national Critical Tables,” vol. VI, p. 362, give — 0-712). A mixture 
law being assumed, these results give for substance (II) in solution 
¥ = + 3-64, whence »p = 1-68. 

The solution method is inevitably subject to a rather larger error 
than the solid method: the limit of accuracy in determining the 
pull exerted by the magnet being assumed to be + 0-1 milligram, 
then for the solid » = 1-73 + 0-02 and in solution p = 1-68 +- 0-05. 
If, as in the first transition series elements, the spin of the unbalanced 
electron determines the magnetic moment, then p. = V48(s + 1), 
which, for s = 3, gives u = 1-73. 

Substances which contain transition elements being excluded, the 
magnetic moments found for other ‘‘ odd molecules ” are (a) nitric 
oxide, 1-85 (Bauer and Piccard, J. Physique, 1920, 1, 97); chlorine 
dioxide, 1-75 (Taylor and Lewis, loc. cit.); and (c) nitrogen peroxide, 
which Soné (Sci. Rep. Téhoku, 1922, 11, 139) finds is paramagnetic 
with yy at 135° = 153. This is much smaller than the value 
expected for » = 1-73, viz., 918. In addition, Taylor and Lewis 
(loc. cit.) state that «-naphthyldiphenylmethyl is paramagnetic in 
benzene solution (compare Taylor, J. Amer. Chem. Soc., 1926, 48, 
858) and find yy at 20° = 570 x 10 on the assumption that one- 
third of the substance is dissociated in solution to give the free 
radical. 


BATTERSEA POLYTECHNIC, Brrkseck Cotiece, Lonpon, E.C.4. 
Lonpon, 8.W.11. [Received, November 26th, 193%] 





22. Compound Formation between Nitrobenzenes. 


By Datzre. LiugwettyN Hammick, Lustre W. ANDREW, and 
JoHN Hampson. 


AtrHouGH stable compounds between aromatic hydrocarbons and 
aromatic nitro-compounds are numerous and well known, com- 
pound formation between aromatic nitro-derivatives themselves 
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has apparently not been noticed hitherto. The observation, how- 
ever, that a faint though definite colour change occurs on mixing 
pure nitrobenzene with pure molten m-dinitrobenzene led us to 
investigate solid—liquid equilibria in the system. The discovery 
of a stable solid phase of the composition C,H,*NO,,C,H,(NO,)., 
with an incongruent m. p. at about 26°, suggested the possibility 
that similar compounds might be formed between other nitro- 
benzenes. We have accordingly also examined the systems nitro- 
benzene-s.-trinitrobenzene, m-dinitrobenzene—s.-trinitrobenzene, and 
nitrobenzene-trinitrotoluene.. In the first of these we find a 
compound of the composition 2C,H,-NO,,C,H,(NO,),, having a 
congruent m. p. at about 67°. The melting-point curves for the last 
two systems show no indication of the existence of stable solid 
complexes. 
EXPERIMENTAL. 

Temperatures of solid—liquid equilibria in the various systems 
were determined by the synthetic method, weighed quantities of 
the carefully purified components being sealed in bulb tubes, and 
the temperatures 7° at which the last trace of solid phase dis- 
appeared being observed in a variable thermostat. 





Tanz I. 
Nitrobenzene (M.N.B.) (m. p. 5-7°)-m-dinitrobenzene (D.N.B.). 
D.N.B., D.N.B., 

fT. mols. %. T. mols. %. 

8-5° 9-46 265° 33-09) 

199 1845] 31-0 35-25 

15 23-31} a. i 32-0 36-00 . 
22-5 24-98 OE NOLOHNG)o 46-5 46-43 CH(NO), 
93-5 26-93 6**5 22>“ 6*+4 2/2° 56-0 54-79 6*"4 2/2° 
24-5 = 29-43 69-5 69°55 

25-7 31:64 91:0 100-0 


The results are recorded in Table I and plotted in Fig. 1; they 
clearly indicate the existence of a compound with an incongruent 
m. p. at about 26°. 

Owing to the absence of a congruent m. p. and the flatness of 
the curve where the compound is the solid phase, it is not possible 
to determine the composition of the compound from the diagram. 
A mixture of nitrobenzene and m-dinitrobenzene melting at about 
24° was therefore made, and allowed to cool to room temperature. 
The solid phase that separated was rapidly filtered off at the pump 
and pressed on a porous tile for a few minutes. A portion was then 
added to a weighed amount of m-dinitrobenzene in a weighed 
bulb tube, the whole being again weighed and sealed. The “ melt- 
ing point ” (temperature at which the last trace of solid just dis- 
appeared) of the mixture was found as before, and the composition 
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of the mixture in the bulb read off from the diagram. Thus 0-6925 g. 
of compound added to 0-6215 g. of m-dinitrobenzene gave a mixture 
melting at 70-0°, which corresponds to 70-0 mols. % of m-dinitro- 


benzene. 


47:0 mols. % of m-dinitrobenzene. 
specimen of the solid phase separating at room temperature was 
pressed on a porous tile, sealed in a bulb tube and found to melt 
at 47-5°, which from the diagram corresponds to a composition of 


Temperature. 


Qo, RB COD toe 


AQAaD 
SB Sor 


Fie. 1. 


From this result we find that the compound contains 
In a second experiment, a 
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TABLE IT. 


80 


100 


Nitrobenzene (M.N.B.)-s.-trinitrobenzene (T.N.B.). 


T.N.B., 


° 


5-06 

5-40 

7-20 
10-85 
14-31 
18-74 
24-22 
27-47 
29-95 
32-04 
37-71 


500 


PSIG OPOWOROAOA A 
SWAANASSSSSSA’ 


mols. %. 
2-52 Solid phase = C,H,’NO,. 


Solid phase = compound 
2C,H;"NO,,C,H,(NO,)s. 


as 
65-5° 
67-0 
71-0 
78-0 
79-5 
89-5 
95-0 
106-0 
121-0 


43-44 
43-92 
46-65 
53-27 
53-59 
62-92 
67-76 
81-56 

100-007 


T.N.B., 
mols. %. 


| Solid phase = 
C.H,(NO,);. 














174 COMPOUND FORMATION BETWEEN NITROBENZENES. 


47-5 mols. % of m-dinitrobenzene. There is thus no doubt that the 
compound is equimolecular, C,H,*NO,,C,H,(NO,)., the slightly 
nigher percentage of nitrobenzene being due to incomplete removal 
of liquid phase by the porous tile. 

The above data for nitrobenzene and trinitrobenzene (Table II) 
are plotted in Fig. 1 and show clearly the existence of a solid phase 
with a congruent m. p. at about 66° and having the composition 
2C,H,;"NO,,C,H,(NO,)5. 








TaB_eE IIT. 
Nitrobenzene (M.N.B.)-trinitrotoluene (T.N.T.). 
T.N.T., T.N.d<s 
T. mols. %. 7". mols. %. 
5-7° HE ea phase = 44:0° 42-56) 
2-0 6-86 / C,H,:NO,. 49-0 47-62 
275 13°95 53-0 52-61 . 
Solid phase = 
30-5 29-91} ~7 § ated 67-0 74-03 
37-5 36-22 81-0 100-00 
Tase IV. 
m-Dinitrobenzene-s.-trinitrobenzene (T.N.B.). 
T.N.B., T.N.B., 
T. mols. %. 7. mols. %. 
91-0° 0-00 62-5° 44-3 
86-2 73 63-7 44-5 
74-2 25-5 64-5 45:8 
69-2 31-5 69-0 48-6 
68-0 33:8 \ Solid phase = 71-0 50-0 
66-8 34:0 /C,H,(NO,)». 713 50-5 | Solid phase = 
65-0 36-0 79:0 65:3 (C,H,(NO,)s. 
62-0 39-7 91-0 65-2 
62-4 40-0 94-8 69-4 
61-9 = 41-0 | 97-0 72-2 
104-0 79-2 
121-0 100-0) 





The results of Tables IIT and IV when plotted show no indication 
of the existence of any stable solid complex. 


Summary. 

Solid—-liquid equilibria have been investigated in the systems 
nitrobenzene-—m-dinitrobenzene, nitrobenzene—s.-trinitrobenzene, m- 
dinitrobenzene-—s.-trinitrobenzene, and nitrobenzene-trinitrotoluene. 
In the first of these systems a compound C,H,*NO,,C,H,(NO,),, 
with an incongruent m. p. at about 26° has been found; in the 
second, the compound 2C,H,*NO,,C,H,(NO,)3, m. p. ca. 66°, has 
been obtained. No solid compounds apparently exist in the last 
two systems. 


THe Dyson Perrins LABORATORY, 
OxForD. [Received, November 26th, 1931.] 
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23. Reactivity of peri-Substituted Naphthalenes. 
Part I. Displacement of the Nitro-growp in 8- 
Nitro-\-naphthoic Acid by Thionyl Halides to 
form 8-Chloro- and 8-Bromo-naphthoic Acids. 


By H. Gorpon Ruiz and A. Jonn G. BARNETT. 


Ir was observed by H. Meyer (Monatsh., 1915, 36, 723) that when 
certain aromatic nitro-compounds were treated with thionyl 
chloride under pressure and at high temperatures the nitro-groups 
became replaced by halogen. More recently, an attempt to prepare 
the menthyl ester of 8-nitro-l-naphthoic acid by way of the acid 
chloride led instead to the isolation of the 8-chloro-ester (Rule, 
Spence, and Bretscher, J., 1929, 2521), since notwithstanding the 
moderate experimental conditions the nitro-group had been dis- 
placed under the influence of the thionyl chloride employed. As 
considerable interest attaches to the 8-halogenated 1-naphthoic 
acids owing to the mobility of the group in position 8, it was thought 
possible that thionyl chloride and bromide might provide a useful 
means of preparing these compounds from the nitro-derivative. 

The 8-chloro-acid has been obtained by Eckstrand (J. pr. Chem., 
1888, 38, 150) from the corresponding nitro-acid by reduction to 
the amino-compound, followed by the Sandmeyer reaction. This 
process, however, gives very poor yields and is of little value as a 
preparative method. In a communication dealing with the mercur- 
ation of naphthoic acids, Whitmore and Fox (J. Amer. Chem. Soc., 
1929, 51, 3363; see also Leuck, Perkins, and Whitmore, ibid., p. 
1831) remark that “in the course of the study, anhydro-8-hydroxy- 
mercuri-1-naphthoic acid obtained from naphthalic acid was changed 
to the 8-chloro- and the 8-bromo-acids. This is the best available 
way to obtain the 8-halogen-1-naphthoic acids in quantity and in a 
high degree of purity.” No further details are given, although the 
previously unknown 8-bromo-acid was apparently obtained in small 
amount (no analysis is recorded) from the mercuration product of 
l-naphthoie acid by treatment in glacial acetic acid solution with 
bromine at room temperature. 

It has now been found that when 8-nitro-l-naphthoic acid is 
treated with thionyl chloride two reactions occur simultaneously. 
On the one hand chlorine displaces the nitro-group to form 8-chloro- 
l-naphthoic acid, and on the other the reducing and chlorinating 
properties of the reagent convert some of the nitro-acid into di- 
chloronaphthostyril in which the halogen atoms probably occupy 
the 5- and 7-positions. In this connexion it may be noted that 
H. Meyer (loc. cit.) observed the formation of dichloronaphthalene 
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when naphthalene was heated with thionyl chloride in a sealed tube 
at high temperatures. The best conditions for the formation of the 


NO, CO,H Cl CO,H NH-CO 


soci, _" C 


1 


chloro-acid obtain when the reaction is carried out in benzene 
solution, the yield of pure acid being 26% (or 38% allowing for 
nitro-acid recovered unchanged). In a similar manner the use of 
thionyl bromide gave 8-bromo-l-naphthoic acid, although only in 
9% yield. 

Sulphuryl chloride, which also behaves as a chlorinating agent, 
differs from thionyl chloride in possessing no reducing properties. 
In agreement with this difference in chemical nature, when the 
8-nitro-acid was heated with sulphury] chloride no dichloronaphtho- 
styril was formed. The yield of 8-chloro-acid was also very much 
reduced, despite the more vigorous treatment necessitated by the 
lower solubility of the nitro-compound in the reagent. In this case 
much of the nitro-acid was recovered unchanged. 

No perceptible esterification occurred when the bromo-acid was 
heated for 8 hours with methyl alcohol in the presence of hydrogen 
chloride. This increased steric hindrance offered by peri-substitu- 
ents, as compared with o-substituents in benzoic acids, confirms the 
observations previously made with the nitro- and methoxy-acids 
(Rule, Spence, and Bretscher, loc. cit.). Eckstrand also failed to 
obtain any esterification under these conditions with the 8-chloro- 
acid. 

Various attempts were made to prepare the iodo-acid by the 
above method and also by submitting the amino-acid to the Sand- 
meyer reaction, but in each case without success. 

The mobility of the group in the peri-position is apparently 
conditioned by the spatial proximity of the carboxyl group, since 
5-nitro-l-naphthoic acid was recovered unchanged after vigorous 
treatment with thionyl chloride at the boiling point. o-Nitro- 
benzoic acid also remained unaffected by the reagent at the dilution 
and temperature employed. 

For the preparation of the 8-chloro- and 8-bromo-1-naphthoic 
acids in quantity, however, by far the most satisfactory method 
is to make use of the mercuration process indicated by Whitmore and 
Fox. In the hands of the present authors the yields, based on the 
naphthalic acid used, were 26% for the chloro-acid and 20%, for the 
bromo-derivative. The very low price of the starting material 
thus renders these interesting compounds readily accessible. 

















nt, 
es. 
he 
10- 
ch 
he 


en 
tu- 
he 
ids 


ro- 


che 
id- 


tly 
1ce 
us 
ro- 
ion 


oic 
od 
nd 
she 


che 
ial 











peri-SUBSTITUTED NAPHTHALENES, PART I. 177 


ExPERIMENTAL. 


Contrary to the finding of Whitmore and Fox (J. Amer. Chem. 
Soc., 1929, 51, 3367) no difficulty was experienced in obtaining 
moderately good yields of «-naphthonitrile by the Sandmeyer re- 
action, thus confirming the conclusions of Clarke and Read (ibid., 
1924, 46, 1001) and J. McRae (ibid., 1930, 52, 4550). For prepar- 
ation in quantity, however, better yields (33%) were secured by 
distilling a dry mixture of sodium «-naphthalenesulphonate and 
potassium ferrocyanide (Eckstrand, J. pr. Chem., 1888, 38, 139). 
The nitrile may be converted almost quantitatively into the pure 
acid by hydrolysis with aqueous-alcoholic potash in an autoclave 
at 160°. 

The most satisfactory yield of 8-nitro-l1-naphthoic acid was given 
by conducting the nitration as follows. «-Naphthoic acid (120 g.) 
was mixed to a cream with concentrated nitric acid (450 c.c.) and 
transferred to a 2-litre flask fitted with stirring apparatus. The 
temperature was raised to 60° for 2 hours, and stirring continued 
for 2—3 hours after the temperature had fallen to normal. The 
product was then poured into a large volume of water, stirred, and 
filtered. Finally the 8-nitro-acid was isolated according to the 
directions of Eckstrand (loc. cit., p. 156). Yield of pure acid, m. p. 
214—-215°, 35 g. 

Interaction of Thionyl Chloride and 8-Nitro-1-naphthoic Acid.— 
The nitro-acid (10 g.) was first heated under reflux with thionyl 
chloride (50 g.) for 10 hours. On cooling, a crystalline solid deposited, 
which was filtered off and washed with benzene. After being twice 
crystallised from chloroform, the pale yellowish-green needles (3 g.) 
melted at 269—270°, and readily sublimed. This neutral substance 
contained chlorine and nitrogen and was found to be dichloro- 
naphthostyril. A sample of the latter prepared by heating 8-nitro- 
l-naphthoic acid with fuming hydrochloric acid in a sealed tube at 
140—160° for 2 hours melted at 265—266°, and admixed with the 
above product at 267° (Eckstrand, loc. cit., p. 174, records m. p. 
264—265°). 

Dichloronaphthostyril also deposited in smaller yield when the 
nitro-acid was allowed to remain in contact with thionyl chloride for 
36 hours at room temperature, thus illustrating the ease with which 
the peri-substituent is attacked under mild experimental conditions. 

Interaction in benzene solution. The nitro-acid (10 g.) was mixed 
with thionyl chloride (30 g.) and benzene (150 c.c.) in a flask under a 
reflux condenser. A steady evolution of hydrogen chloride was 
maintained by heating, and after the acid had dissolved the mixture 
was left over-night. The mixture was then boiled for 4 hour 
and the benzene and excess of thionyl chloride were distilled off 
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under diminished pressure (on two occasions sudden decomposition 
occurred at this point). The dark product was boiled out with 
successive small quantities of water, which on cooling deposited 
yellowish-brown crystals of crude 8-chloro-1-naphthoic acid (4-5 g.). 
After being dried, the acid was recrystallised from ligroin until pure. 
Yield 2-5 g., m. p. 167—168°, No increase in the amount of chloro- 
acid was obtained when heating was continued for a longer period. 
The brown tarry residue remaining after the above extractions 
contained unchanged nitro-acid, which was removed by treatment 
with aqueous alkali. Further recrystallisation gave the nitro- 
acid, 3 g., m. p. 211—212°. From the alkali-insoluble residue, by 
extraction with hot alcohol, was obtained dichloronaphthostyril, 
1-5 g., m. p. 264—265°. 

It appears probable that the main replacement of nitro-group by 
halogen in the above reaction occurs during the removal of excess 
thionyl chloride by heating under diminished pressure, since little 
chloro-acid was isolated by the alternative method of pouring the 
benzene solution on ice. 

Interaction with thionyl bromide, The method used for the pre- 
paration of thionyl bromide was a modification of that employed by 
Besson (Compt. rend., 1896, 122, 320). Hydrogen bromide was 
passed into a Woulff’s bottle containing thionyl chloride, the bottle 
being surrounded by water at 60—75° and the second neck being 
provided with an upright condenser, fitted at its upper end with a 
calcium chloride tube. An excess of hydrogen bromide was passed 
in, and the product fractionated. An almost quantitative yield of 
thionyl bromide, b. p. 78—80°/86 mm., was obtained. Besson 
records b. p. 68°/40 mm. 

Thionyl bromide and 8-nitro-1-naphthoic acid (10 g.) were allowed 
to react in benzene solution as described above, giving 8-bromo- 
l-naphthoic acid (1 g.), m. p. 178° (Found: Br, 32-1. C,,H,O,Br 
requires Br, 31-9%). 

The bromo-acid was converted into its amide, m. p. 179—180° 
(when mixed with the pure acid the product melted from 135° 
upwards) (Found: Br, 32:2. C,,H,ONBr requires Br, 32-0%). 
The acid dissolves readily in alcohol and to a smaller extent in hot 
water or benzene, It is only sparingly soluble in hot ligroin. 

Methyl 8-bromo-1-naphthoate prepared by way of the acid chloride 
was obtained as an oil which solidified on standing for several days 
in a vacuum desiccator. Crystallised from petroleum (b. p. 80— 
100°), it melted at 33° (Found: Br, 30-4. C,,H,O,Br requires Br, 
30-2%). 

8-Chloro-1-naphthoic Acid from Naphthalic Acid.—The naphthalie 
acid was converted into the mercuration product according to the 
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method of Leuck, Perkins, and Whitmore (loc. cit.). The dried 
chloromercuri-compound (20 g.) in glacial acetic acid suspension 
(250 c.c.) was then treated with a solution of chlorine (4 g.) in glacial 
acetic acid (50 c.c.). After the mixture had been brought to the 
boiling point, it was cooled, poured into ice-cold water (500 c.c.), 
and kept at 0° for several hours. The brown precipitate was filtered 
off and extracted with boiling water, which deposited the crude 
chloro-acid on cooling. After several recrystallisations from water 
the latter gave the pure chloro-acid (3 g.), m. p. 168—169°. 
8-Bromo-l-naphthoic acid was obtained in a similar manner by 
heating the chloromercuri-compound (20 g.) in acetic acid with 
bromine (9 g.) dissolved in aqueous sodium bromide. The acid after 
recrystallisation from water melted at 176—177°. Yield, 2-5 g. 


UNIVERSITY OF EDINBURGH. [Received, November 11th, 1931.] 








24. A Study of Liquid-Liquid Junctions with a 
View to eliminate the Potential Difference thereat. 


By Jamiat V. LAKHANT. 


THE object of this work was to devise experimental means by which 
to eliminate the liquid junction P.D. between two different solu- 
tions, in order to throw light on other fundamental problems of 
£.M.F. measurements of single electrodes and activity coefficients. 

The researches of Lamb and Larson (J. Amer. Chem. Soc., 1920, 
42, 229), Roberts and Fenwick (ibid., 1927, 49, 2787), and Guggen- 
heim (ibid., 1930, 52, 1315) have been mainly directed towards 
producing constant and reproducible liquid-liquid junctions, Roberts 
and Fenwick suggesting the use of a mica plate with a small hole to 
establish contact between two electrolytes. Theoretical expressions 
for calculating the values of the P.D. at liquid junctions have been 
given by Nernst (Z. physikal. Chem., 1889, 4, 129) and Planck, who 
assume the formation of an initial sharp boundary at the junction of 
two electrolytes and then a process of natural diffusion, by Henderson 
(ibid., 1907, 59, 118; 1908, 63, 325), who assumes the formation of a 
connecting layer, and by Lewis and Sargent (J. Amer. Chem. Soc., 
1909, 31, 363). 

If, as Nernst assumed, the junction P.D. between two solutions is 
due to the diffusion of ions of unequal mobilities, and the absolute 
velocities of ions are comparatively small, it was thought that the 
time required for the establishment of the P.D. might be appreciable, 
and that by allowing the two solutions in contact with the electrodes 
to flow out in the form of fine jets, making momentary contact 
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before the mixed liquid falls as drops, it might be possible to elimin- 
ate or markedly to reduce the P.D. at the boundary. 

In order to test this possibility, the apparatus shown in Fig. 1 was 
assembled. The separating funnels SS were of 250-c.c. capacity, and 
the electrode vessels were of the usual Ostwald type. The outlet 
tubes A A’ were each narrowed to a fine hole so as to permit fine jets 
of the liquids to come out and play upon each other. No rubber 
joint was employed, and the hydrochloric acid and potassium 
chloride used were both of analytically pure standard. Calomel was 
electrically prepared from pure distilled mercury. In starting 
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measurements, the stop-cocks of the separating funnels were turned 
on to such an extent as to allow regulated jets of electrolytes to 
be formed. 

The following cell combinations were used : 


(i) Hg|HgCl N/10-KCl| N-KCl ° HgCl| Hg 
(2) Hg|HgCl N/10-KCl|N/10-HC] HgCl | Hg 
(3) Hg | HgCl N-KCl| N/10-HCl HgCl | Hg 


(The author is aware that the behaviour of calomel electrodes in 
hydrochloric acid is said to be unsatisfactory, but since the primary 
object was to test liquid junction P.D., absolute 7.M.F. values were 
not directly concerned. Actually, however, these combinations were 
found to be in good agreement with the calculated values.) £.M.F. 
Measurements were made with a potentiometer reading directly to 
0-1 millivolt and by estimation to 0-01 millivolt. The high-resistance 
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galvanometer was sensitive enough to give a deflection of about 0-5 
em. for 0-1 millivolt. 

Two of each of the electrodes were prepared and found to be in 
excellent agreement with each other. In order to test whether 
streaming potential differences were set up by the jets, two identical 
electrodes were measured with one jet in action and the other 
stationary : the result was negative. 

The values obtained at 13° are shown in the table. 





E.M.F. (volts). 
Calc., or 
Electrolyte previously 
junction. Rate of flow at each jet. Obs. observed. 
N/10-KCl|N-KCl1 30—35 c.c. per min. 0-0519 0-0516 (18°) 
N/10-KCl|N/10-HCl (1) No flow—mere contact at 0-0277 
the jets. 0-0278 
(2) 2 C.c. per min. 0-0277 
0-0276 
(3) 16 C.c. per min. 0-0278| 0-028* 
(4) (a) 35 C.c. per min. 0-0278 ) 0-027f 


(6) Jetsplaced3cm.apart 0-0278 
(c) Jetsplaced6cm.apart 0-0278 
(5) 160 C.c. per min., by ap- 0-0279 





plying pressure. 0-0278 
0-0279 
N-KCl|N/10-HCl (1) 30—32 C.c. per min., jets 0-0429) 
1—3 cm. apart. 0-0430 } 0-0405 
(2) Under pressure. 0-0429 


* Compare Roberts and Fenwick (J. Amer. Chem. Soc., 1927, 49, 2787). 
+ Henderson’s calculated value. 


It was found that extremely constant and reproducible values were 
obtained when the jets were separated by more than 0-5 cm., and 
that this was independent of the rate of flow within the limits 
examined. Moreover, the values obtained are in excellent agree- 
ment with those obtained with Lamb and Larson’s flowing junction 
and with Roberts and Fenwick’s arrangement in which contact 
between two solutions took place at a small aperture in a mica plate, 
over the two sides of which the solutions were flowing. 

The results indicate that the rate of flow has no appreciable effect 
on the Z.M.F. of the cells examined, and that the P.D. at the junc- 
tion is established very quickly. 

To estimate the time taken to establish the P.D., observations 
were made with a highly sensitive string galvanometer. The 
electrodes in N/10-potassium chloride and hydrogen chloride were 
connected directly with the terminals of the galvanometer, and 
momentary contacts between the flowing jets were made and broken 
by movements of one of the electrodes. The sensitivity of the 
galvanometer was such that an #.M.F. of 30 millivolts produced a 
displacement of the image of the string of about 1cm. The image 




































E.M.F., (millivolts). 
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of the fibre was recorded on a moving strip of photographic paper. 
Fig. 2 gives a reproduction of part of the record. The contact 
between the jets was established at points A and D and broken at 
points Cand F. The time taken to establish the P.D., as measured 
by the time interval between A and B or D and E, was scarcely 
measurable and certainly less than 5 x 10-* sec. The horizontal 
portions BC and EF show that the P.D. also remains constant 
during contacts of short duration. 

It seems, therefore, unlikely that increasing the speed of flow to 
any extent suitable for practical use would be effective in eliminating 
the junction potential; but the device appears to give a useful and 
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simple method of obtaining constant and reproducible values of the 
P.D. under conditions in which natural diffusion of the solutions into 
each other is prevented. 

Summary. 

(1) The #.M.F. equilibrium at the junction of two electrolytes 
takes place instantaneously, and it has not been possible to alter or 
reduce the 7.M.F. value even when the junction is formed by rapidly 
flowing electrolytes. 

(2) A simple, practical, and reproducible type of flowing junction 
by jets has been suggested which has the advantage of doing away 
with the mica plate as used by Roberts and Fenwick. 


I am indebted to Dr. J. A. V. Butler for his valuable suggestions 
and general guidance in this work. 


Krvne’s BuILpinas, 


EDINBURGH UNIVERSITY. [Received, December 2nd, 1931.] 
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25. Physico-chemical Studies of Complex Formation 
involving Weak Acids. Part III. Conductometric 
and Potentiometric Titrations of Metallic Acetates. 


By Hupert Tuomas Stantey Brirron and FLEETWOOD 
Harry MEEK. 


Previous work (Part II; J., 1931, 2831) has shown that metallic 
acetates may, according to the p,, at which their respective hydroxides 
become precipitable, undergo appreciable hydrolysis in solution and 
yet be capable of ionisation in a modified form. In this communi- 
cation, further evidence as regards the extent of the hydrolysis and 
ionisation of typical acetates is advanced, and an attempt is made 
to account for the solubility of lead sulphate in solutions of 
ammonium and alkali acetates. 


EXPERIMENTAL. 


I. Potentiometric and Conductometric Titrations of Metallic 
Acetates with Sodium Hydroxide. 


Since the work on acetate solutions (loc. cit.) revealed that 
appreciable proportions of them must exist in solution in a basic 
condition, potentiometric and conductometric titrations of lead, 
copper, beryllium, aluminium, and thorium acetates were carried 
out, a solution of the same acetate concentration being used 
for each pair of titrations. The py values were measured 
at room temperature, 18—20°, but the conductometric titra- 
tions were performed at 25° as described by Britton and German 
(J., 1930, 1949). The solutions were prepared as previously de- 
scribed (Part II), and 100 c.c. were employed for each titration. The 
sodium hydroxide solution was 0-1N, and the metallic acetate 
solutions ca. 0-01N. Sufficient data to show the variations that 
occurred in the thorium, aluminium, and beryllium titrations are 
given in Tables I (i), I (ii), and II respectively, the pg values being 
recorded in col. 3 and the specific conductivities in col. 4. Table III 
refers to potentiometric titrations of solutions of the acetates of 
copper and lead with alkali, and also of copper sulphate and lead 
nitrate. During the addition of 0-0975N-sodium hydroxide to 100 
c.c. of 0-005M-lead acetate the specific conductivity increased in a 
linear manner until 9-6 c.c. of alkali had been added, « at 0 c.c. 
being 5-29 x 104 mho, and at 9-0 c.c, 8:19 x 104 mho. In the 
conductometric titration of 0-00507M-copper acetate by 0-0882N- 
sodium hydroxide, a linear increase in conductivity occurred until 
the stoicheiometric end-point was reached, viz., from 5-56 x 10% 
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mho at 0 c.c. to 7-47 x 10 at 11-0 c.c. The curves corresponding 
to the various titrations are shown in Fig. 1. 

Potentiometric Titrations.—There was a marked delay in the 
precipitation from these dilute acetate solutions, and for the lead, 
copper, aluminium, and thorium solutions the point at which visible 
precipitation®|began was somewhat indefinite. The intensity of 
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Equivalents of sodium hydroxide. 


TABLE I, 


(i) Electrometric titrations of 100 c.c. of 0-003184M-thorium acetate with 
0:1266N-sodium hydroxide. 


NaOH, Equivs. of OH. 
C.c. equivs. pu- «xX 104, (a). (5). 
0 0 4-31 1-27 2-90 — 
2-5 1-0 4-88 3-44 2-66 1-71 
4-0 1-6 §-21 4°70 2-60 2-13 
5-0 2-0 5-47 5-50 2-62 2-36 
6-0 2-4 5-79 6-27 2-72 2-61 
75 3-0 6-75 7-73 3-04 3-03 
9-0 3-6 8-69 8-92 — — 


(ii) Electrometric titrations of 100 c.c. of 0-003567M-aluminium acetate with 
0-1266N-sodium hydroxide. 
4-69 3-58 


0 _ 1-57 
2-0 0-71 4-90 4-50 1-92 1-19 
3-0 1-07 4-99 5-02 2-13 1-65 
4-0 1-42 612 5-55 2-29 2-00 
5-0 1-78 5-25 6-13 2-48 2-32 
6-0 2-13 5-57 6-93 2-51 2-44 
7-0 2-49 6-29 7-70 2°57 2-56 
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TaB_eE II. 


Electrometric titrations of 100 c.c. of 0-00675M-beryllium acetate with 
0-1266N-sodium hydroxide. 


NaOH, Equivs. of KNaOAcs Kditf+s KBe(OAc)g» 
c.c. equivs. py. x X 10*. OH,(a). x 104. x 104. " B 
0 0 4-82 5-62 0-90 — — —_ — 
1-0 0-19 4-92 6°23 0-97 1-18 5-05 5-58 4-96 
2-0 0-38 5-09 6°84 0-98 2-18 4-66 5-54 4-70 
3-0 0-56 5-27 7-48 1-01 3-11 4°37 5-50 4-20 
4-0 0-75 5-50 8-09 1-04 4:11 3-98 5-45 3-73 
5-0 0-94 5-79 8-51 1-10 5-02 3-49 5-42 3-23 
6-0 1-13 5-96 — 1-24 
8-0 1-50 6-15 9-02 1-57 
9-0 1-69 6-45 — 1-73 
TaB_e III. 


Potentiometric titrations (quinhydrone electrode) ‘of 0-005M-solutions of 
10U c.c. of copper acetate, copper sulphate, lead acetate, and lead nitrate with 
N/10-sodium hydroxide. 


pu Values. 


Equivs. NaOH added 0 O1 025 O75 1:00 1:25 1-50 1-75 
Copper acetate ......... 5-98 615 630 655 662 6-72 6-86 722 
Copper sulphate ...... 5°33 537 540 647 556 574 7:67 971 
Lead acetate ............ 5-93 636 680 7:04 7:45 7:82 832 8-94 
Lead nitrate ............ 557 600 660 680 7:26 7-75 832 8-93 


the colloidal suspensions increased as the alkali was added, but 
almost stoicheiometric amounts of alkali were necessary to cause 
coagulation. 

During the precipitation of a hydroxide or basic salt of a metal 
from a solution of one of its salts with a strong mineral acid, the 
hydrogen-ion concentration is largely determined by the concen- 
tration of hydroxyl ions with which the particular solid phase enters 
into equilibrium. Fig. 1, however, shows that the acetate radical 
has an important effect on the py values set up in each titration, 
with the exception of that of lead acetate. By comparing the py 
range corresponding to the titrations of acetates of the weak bases 
copper, beryllium, aluminium, and thorium by alkali, with that 
corresponding to the neutralisation of acetic acid of the same 
concentration (given as a broken line in Fig. 1), it is seen that the 
hydrogen-ion concentrations prevailing at different points of the 
precipitation reactions must be attributed to particular stages of 
the equilibria involving acetic acid and acetate ions. This is only 
possible if the metallic acetate solutions are appreciably hydrolysed 
throughout the reactions. The py of these solutions would thus be 
governed by the relationship pq = px + log[OAc’]/[HOAc]. 

The lead nitrate and copper sulphate curves were obtained by 
means of quinhydrone and are similar to those of Britton (ibid., p. 
2148) with the oxygen electrode, but in the latter case the py values 
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during precipitation of copper are now seen to be about 0-2 py unit 
too high. The py curve of lead acetate is slightly higher than that 
of the nitrate. Fig. 1 shows that a sudden increase in pq occurred 
after the addition of 1-5 equivs. of alkali, indicating the formation of 
the basic acetate, 3Pb(OH),,Pb(OAc),. 

Since lead hydroxide is precipitated in the vicinity of py 6—7 
(see Fig. 1), it might be expected that considerable combination 
of acetic acid with lead hydroxide would be possible, and conse- 
quently that in the titration the concentration of acetate ions com- 
pared with that of free acetic acid would be fairly great. As the py 
of 0-005M-lead acetate solution is 5-93, it follows that [OAc’]/[HOAc] 
is 15-9; and therefore, if all the acetate in the unhydrolysed basic 
acetate were ionised, the extent of hydrolysis would be approxi- 
mately 6%. In the course of the reaction with 0-25 equiv. of alkali, 
this free acetic acid was neutralised, for the py, rose to 6-8, a value 
which corresponds to [OAc’]/[HOAc] = 99/1. 

Copper hydroxide, being precipitable initially at py 5-3 under 
ordinary conditions, comes more within the influence of the 
acetate ion-acetic acid equilibrium, and thus we find in Fig. 1 that 
the hydrolysed acetic acid causes pg values to be set up that are 
well above 5-3. 

The py values, 4-31 and 4-69, of the solutions of thorium and 
aluminium acetates were much higher than those at which pre- 
cipitation normally begins, viz., at 3-5 and 4-1 respectively, yet no 
precipitation occurred. The equation shows that there must have 
been 2-6 and 1-1 mols. respectively of acetic acid to each acetate ion. 
Some idea of the nature of the unhydrolysed basic acetate complexes 
may be obtained from the last two cols. of Table I. The figures 
represent the number of equivalents of hydroxide groups attached 
to the metal, 7.e., the number of equivalents of acetic acid with which 
thorium and aluminium have failed to combine. In arriving at the 
estimates given in col. (a), we have assumed that the sodium hydrox- 
ide reacted to form sodium acetate, which ionised completely, and 
that the basic acetate thereby produced remained in solution in the 
form of some hydrolysed acetic acid and a more basic acetate which 
underwent complete ionisation as far as its acetate content was 
concerned, thus: Th(OH),(OAc),,—»>Th(OH),""* + (4-2)OAc’. 

The ratio [OAc’]/[HOAc}] would be equal to 


[OAc']xaoac + C(otal basic acetate) — [HOAC knyarotysea) 
[HOAc ]inyarolysea) 


As [OAc’]xaoac, the concentration of acetate ions from the sodium 
acetate, and C, that of the basic acetate solution (in equivs.), are 
both known, it is possible to calculate the number of equivs. of 
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acetic acid that were set free by hydrolysis, and therefore to find 
the composition of the basic complex. In col. (6), the other extreme 
was assumed, viz., that the basic portion left in the solution at any 
stage of the titration only hydrolyses to supply the acetic acid and 
that the acetate ions required by the ratio [OAc’]/[HOAc] come only 
from the sodium acetate, the actual basic complex being incapable 
of ionisation. The truth lies between these two extremes, for the 
conductometric titration curves show that the basic acetates left in 
solution contribute some conductivity to the solutions and must 
therefore ionise to some extent. Hence the numbers of the basic 
groups in the basic complexes must fall somewhere between the 
numbers given in the two columns (a) and (5). 

In the titration of beryllium acetate the solution remained per- 
fectly clear until 1 equiv. of alkali had been added and a py, of 5-9 
attained. A similar behaviour was observed by Britton (J., 1925, 
127, 2121), using the quinhydrone electrode, with beryllium sul- 
phate solutions, from which precipitation began at py 5-7: the curve 
labelled ‘‘ Sulphate ” refers to a solution of the sulphate of the same 
concentration as that of the acetate. The sections of the acetate 
and sulphate curves corresponding to precipitation by the second 
equivalent of alkali are coincident. This is the only instance in the 
precipitation reactions studied in which the acetate anion was not 
without marked effect on the hydrogen-ion concentration at which 
precipitation occurred. 

The py variations during the addition of the first equivalent of 
alkali are of interest. The amounts of hydrolysed acetic acid have 
been calculated on the basis of the assumptions used in col. (a) of 
Table I, and from these the composition of the unhydrolysed bery]- 
lium basic acetate has been ascertained for the different stages of the 
reaction. The number of equivalents of hydroxide (OH) in combin- 
ation with each atom of beryllium is given in col. (a) in Table II. 
It is significant that the composition of the basic complex should 
range from Be(OAc),.,(OH) .. to Be(OAc))..(OH),., in the clear 
solutions before precipitation began. Although the basic beryllium 
acetate solutions were appreciably ionised, as shown by conductivity 
measurements, it is probable that they were not completely dis- 
sociated, and consequently the compositions given above cannot 
be exact. Nevertheless, they show that about 1 equiv. of acetic 
acid fails to combine with beryllium hydroxide. This would be 
expected from the fact that 1 equiv. of sulphuric acid in beryllium 
sulphate is in a state of feeble combination so that the py’s of normal 
and basic beryllium sulphate solutions at comparable concentrations 
are 3-8 and 5-7. Acetic acid, in combining completely (actually 
99°) with a metallic base, necessitates the production of a py value 
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by the salt above py = 4°73 + 2, i.¢., py 6-73. Clearly this is not 
possible with beryllium hydroxide, and thus it appears that bery]- 
lium acetate cannot exist, as such, in solution, but must exist as a 
basic complex together with much free acetic acid (see, however, 
Sidgwick and Lewis, J., 1926, 2538). 

Conductometric Titrations.—The thin line in each of the diagrams 
of Fig. 1 represents the contribution made to the specific conduct- 
ivity of the solutions by the sodium acetate formed. The broken 
line in the thorium diagram represents the neutralisation of an acetic 
acid solution of the same equivalent concentration. The curves 
corresponding to the reaction of the metallic acetates with alkali 
increasingly resemble the “sodium acetate’’ line as one passes 
from lead to thorium, this being the order of the respective hydroxide 
precipitation p,’s, with the exception of beryllium, which is anomal- 
ous, The thorium, aluminium, copper, and beryllium curves touch the 
sodium acetate lines near the stoicheiometric end-point, but the lead. 
curve does not do so. The pg curve for this metal indicates that 
high py’s occurred long before the theoretical end-point was reached ; 
it is therefore probable that the reaction of the alkali with the pre- 
cipitated basic acetate in the region of the end-point was slow, so 
that the solution contained a little unattacked alkali which thus 
gave rise to a higher conductivity. The fact that the aluminium 
and thorium curves lie near the sodium acetate line shows that the 
solutions contained much free acetic acid, and also that the basic 
metallic acetates left in solution were ionising, though only to a 
small extent (vide supra). 

Fig. 1 shows that, after the stoicheiometric amount of alkali 
had been added to the aluminium acetate, the subsequent increase 
in specific conductivity only assumed the steep linear gradient 
(due to excess of sodium hydroxide) after an extra equivalent of 
alkali had been added. This reaction with 4 equivs. of alkali 
provides further confirmation of the existence of NaAlO, in solution 
(see also Britton, J., 1925, 127, 2121; Robinson and Britton, J., 
1931, 2817). 

The specific conductivities corresponding to the reaction of lead 
acetate with the first equivalent of alkali are those of soluble basic 
lead acetate and sodium acetate. A series of basic solutions con- 
taining from 0-39 to 0-98 equiv. of hydroxide were made by boiling 
the required quantities of litharge and acetic acid under reflux 
until dissolution had been effected. After addition of sodium 
acetate and water in amounts corresponding to various points of 
the titration, their specific conductivities were determined at 25°. 
These were in complete agreement with those obtained in the 
titration. 
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An attempt was made to analyse the section of the beryllium 
acetate conductometric curve produced during the addition of the 
first equivalent of alkali. The specific conductivity of the 0-00675M- 
solution corresponds to an equivalent conductivity of 41-65 
mho. Taking A,, = 83-8, we find that « = 50% app., but the 
potentiometric curve indicates that beryllium acetate exists in 
solution as Be(OH)(OAc). If the latter ionises completely to 
BeOH" and OAc’, the presence of the acetate ions would almost 
entirely suppress the ionisation of the acetic acid, thereby reducing 
its conductivity to a small amount, and also it would explain why 
«= 50%, the important assumption being that the mobility of 
the beryllium ion is equal to that of Be(OH)*. Nothing, however, 
is known on this point. It was considered that the conductivity of 
beryllium acetate solutions might possibly be due to the ionisation 
of the basic complex that they appear to contain, and not to any 
great extent to the hydrolysed acetic acid. Hence the neutralis- 
ation of this free acetic acid should not affect the conductivity of 
the basic beryllium acetate, unless its removal impaired the stability 
and ionisation of the basic complex ; so, on subtraction of the specific 
conductivity due to the sodium acetate alone from the observed 
conductivity, the remaining portion should be that of basic bery]l- 
lium acetate. On this assumption, the values so obtained should 
be approximately equal to the specific conductivities of the original 
beryllium acetate when corrected for the slightly increased dilution. 
Such differences are given in Table II and are not in accord with 
« of beryllium acetate, corrected for slight increases in dilution, in 
col. (A). It is remarkable that they are similar to the specific con- 
ductivities recorded in the last column, (B), which are those of 
solutions of beryllium acetate having the same acetate content as 
the basic solutions of the titration and at the same dilution. No 
satisfactory explanation has yet been found, but further work is 
being done on the complex nature of solutions of beryllium salts. 


II. Reaction of Sodium Acetate with Metallic Acetates. 


Britton (J., 1926, 269) found that sodium acetate could be added 
to zirconium chloride or thorium chloride solutions without pro- 
ducing a precipitate even though the pg values at which the 
respective hydroxides usually begin to separate were considerably 
exceeded. Despite this, the pg values established when various 
amounts of sodium acetate were added in excess revealed that 
very little acetic acid had remained in combination with the 
zirconium hydroxide. 

The py of a solution of sodium acetate of concentration c is equal 
to 9-4 + flog, c¢ (Britton, “ Hydrogen Ions,” 2nd edtn., 1932, 
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p. 186), though neutralisation of 1% of its alkali causes the px, to fall 
to 6-73. It would be expected, a priori, that sodium acetate would 
cause precipitation when added to solutions of salts of metallic 
bases, ¢.g., thorium, aluminium, and tervalent iron, that are 
precipitated below py 6. The tendency, however, is for sodium 
acetate to hold such weak bases in solution at p, values well above 
those at which they are normally precipitated. In order to study 
the condition under which typical weak bases are retained in 
sodium acetate solutions, the pg values were measured with the 


Fira. 2. 
Acetates of Pb, Cu, Be, Al, Th, titrated with NaOAc. 


Pu: 








80 100 


Sodium acetate, c.c. 


quinhydrone electrode of acetate solutions to which varying 
amounts of sodium acetate were added. Details of the solutions 
used are given in Table IV, together with a few typical py data. 
The variations in hydrogen-ion concentration are represented in 
Fig. 2; the two curves, labelled Pb and Cu, refer to the experi- 
ments in which more concentrated sodium acetate solutions were 
used, some of the relevant observations being recorded in the right- 
hand sections of Table IV (i and ii). 

Had the metallic acetates not been appreciably hydrolysed, the 
addition of sodium acetate would have set up py values in the 
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vicinity of pg 7 at least. It should also be remembered that sodium 
acetate itself may have a considerable effect in promoting the 
hydrolysis of salts of weak bases. The well-buffered curves in Fig. 2 
show that much acetic acid was liberated. As before, it is possible 
to calculate the ratio [OAc’]/[HOAc] which is responsible for the 
establishment of each py value, but unless [OAc’] is known the 
percentage of acetic acid hydrolysed cannot be computed. The 
two extremes, however, have been calculated by the method 
previously adopted and are given in the columns headed I and II. 
When concentrated solutions of sodium acetate are used, the con- 
centrations of acetate ions originating from the basic acetate 
become of negligible magnitude and so render the hydrolysis 
estimated by method II approximately correct. 


Tasxe IV. 


(i) Titration of 100 c.c. of 0-0101M-lead acetate by (a) x c.c. of 0-096N-sodium 
acetate; (b) y c.c. of 1-340N-sodium acetate. 


Zz. Pu- a II. y. pu- II. 

0 5°85 — --- 0 5-85 _— 
21-05 6-19 6-7 3-5 20-0 6-90 9-0 
42-1 6-34 7-2 4-9 40-0 7-05 12-4 
63-2 6-41 8-2 6-3 60-0 7-13 15-8 
84-25 6-46 9-2 7-5 80-0 7-22 17-2 
105-8 6-50 10-1 8-5 100-0 7°29 18-3 


(ii) Titration of 100 c.c. of 0-0099M-copper acetate by (a) x c.c. of 0-1011N- 
sodium acetate; (b) y c.c. of 2-029N-sodium acetate. 


0 5°84 — — 0 5-84 — 
20-0 6-01 10-0 5-4 20-0 6-75 19-4 
40-0 6-14 1]-4 7-9 40-0 - 7-02 20°8 
60-0 6-21 13-0 10-1 60-0 7-18 21°6 
80-0 6-28 13-9 11-5 80-0 7:30 21-8 

100-0 6-32 15-3 13-1 100-0 7-39 22-2 


(iii) Titration of 100 e.c. of 0-00678M-beryllium acetate by x c.c. of 0-100N- 
sodium acetate. 


ingyen aeeinirnmed 0 20 40 60 80 100 
MEE. sonsxabtecootns 4-85 5-32 5-53 5-68 5-78 5-88 
Usb edsehy = dusetsys — 50-6 54-0 54-7 56-5 55-4 
eer —- 37-9 46-8 49-7 52-6 52-2 


(iv) Titration of 100 c.c. of 0-00713M-aluminium acetate by = c.c. of 0-100N- 
sodium acetate. 


Dbkicibscleevsdoes 0 20 40 60 80 100 
SLL. scbnoehevnecegs 4-61 5-00 5-21 5-34 5-45 5-54 
pide sdtbesécdsies —— 67-6 71-4 75-0 75°8 761 
SR igeves dopbscces — 50-2 61-9 68-8 71-2 72-4 


(v) Titration of 100 c.c. of 0-00383M-thorium acetate by =z c.c. of 0-100N- 
sodium acetate. 


LAAs Sie dbs bacasece 0 20 40 60 80 100 
ES ex Bite Rikd ats 4-14 5-09 5°37 5-55 5-67 5-77 
Sittctti steers stac ~— 70-1 67-4 64-7 64-1 63-0 


He ereor pate e » 57-1 59-9 59-4 60-0 59-6 
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The tables show that the percentage hydrolysis increases with 
increasing concentration of sodium acetate, and also that the 
metallic acetates may be arranged in the order of increasing 
hydrolysis: lead, copper, beryllium, thorium, aluminium. With 
the exception of the last two, this is the order of their hydroxide 
Pu Values. In view of the fact that the hydroxide py of beryllium 
is 5-7 and that of copper is 5-3, it might appear remarkable that 
beryllium acetate should undergo so very much more hydrolysis 
than that of copper. This is to be attributed to the exceptional 
property of beryllium of forming soluble basic salts, and in the light 
of the observations made in the previous section the fact that the 
hydrolysis should range from about 40 to 50% is particularly 
significant. The hydrolysis of both aluminium and thorium acetate 
in the presence of sodium acetate is much higher than 50%. The 
probable reason for the hydrolysis of the former being greater 
than that of the latter is that thorium hydroxide, being the less 
soluble, passes into a kind of colloidal suspension and adsorbs 
acetic acid more tenaciously than does the dispersed aluminium 
hydroxide or basic acetate. 

Somewhat lower py values were recorded when an excess of sodium 
acetate was added to thorium sulphate. This indicated, on the basis 
of the assumptions made in method I, that the thorium acetate 
formed by metathesis was approximately 70°, hydrolysed. By 
adding sodium acetate solution to one of aluminium sulphate 
precipitation was delayed but began at py, 5-03, the hydrolysis 
then being 50—66-6%. 

The above experiments show that sodium acetate, when added 
to solutions of metallic acetates, renders them basic, yet imparts 
enhanced stability to the resulting solutions. Whilst the possi- 
bility of hydrolysis in sodium acetate—lead acetate solutions has 
been overlooked, previous investigators (e.g., Jaques, T'rans. 
Faraday Soc., 1910, 5, 225) have attributed the stability to the 
formation of complex anions containing lead. For these reasons, 
the conductivities of solutions of (i) sodium acetate and lead acetate, 
and (ii) sodium acetate and copper acetate in various proportions 
were measured at 25°. Typical data are recorded in Table V, 
concentrations being given in mols. /litre. 

In the fourth columns are the observed specific conductivities; 
in the fifth, those of solutions of sodium acetate alone in the respect- 
ive concentrations; in the sixth, those of the corresponding 
metallic acetate solutions; and in the seventh, the differences 
between the observed specific conductivities and those of the simple 
solutions of sodium acetate—these give the specific conductivities 
due to the metallic acetates in the mixtures, if the presence of the 
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TABLE V. 

[NaQAc] | NaOAc, Pb(OAc),, « (Diff.) 

(Na©Ac]. [Pb(OAc),]. [Pb(OAc),) «x10. «x10 «x10% = 108. 
00169 0-00840 2-0 1-85 1-42 0-77 0-43 
00288 0-00719 4-0 2-64 2-38 0-69 0-26 
00378 0-00629 6-0 3-23 3-07 0-62 0-16 
00449  0-00559 8-0 3-71 3-60 0-57 0-11 
00505 0-00503 10-0 4-09 4-03 0-53 0-06 

[NaOAc] , NaOAc, Cu(OAc),, « (Diff.) 

(NaOAc]. [Cu(OAc),]. [Cu(OAc),] «10% «x10% «x10% x 103 
00169 0-00827 2-04 1-95 1-41 0-79 0-54 
00290 0-00710 4-08 2-79 2-38 0-71 0-41 
00381 0-00622 6-12 3-38 3-08 0-65 0-30 
00452  0-00554 8-16 3-83 3-64 0-59 0-19 
00509 0-00499 10-20 4-21 4-06 0-55 0-15 


lead or copper acetate does not interfere with the ionisation of the 
sodium acetate. The effect on the specific conductivity caused by 
the repression of the hydrolysis of the sodium acetate by the acetic 
acid liberated from the acetate of the heavy metal is negligible. 
Comparison of the data in the last two columns reveals a rapid 
decrease in the specific conductivity with increase of sodium acetate 
until stages are reached where the contributions of the basic 
acetates almost vanish. In another series of more concentrated 
solutions containing lead acetate, the difference became zero when 
the respective concentrations of sodium acetate and lead acetate 
were 0-447M and 0-0672M, i.e., 6-65 mols. of sodium acetate to 
1 mol. of lead acetate. These experiments show that the ionis- 
ation of basic lead and copper acetates is profoundly influenced by 
the presence of sodium acetate, and although the existence of 
lead anions, Pb(OAc),’, is highly improbable, yet the correct inter- 
pretation of the results is not apparent. It seems that ionisation 
is repressed owing to the fact that py values which are higher than 
the respective hydroxide precipitation values are impressed on the 
basic acetates. This would tend to cause them to coalesce into 
aggregates that undergo comparatively little ionisation on account 
of the preponderance of acetate ions originating from the sodium 
acetate. In effect, the basic acetates might be expected to acquire 
the properties of a highly dispersed colloid and the particles would 
thus be either positively or negatively charged. On subjection to 
the electric current, electrophoretic migration would take place, 
which would be very much smaller than that of ions in a state 
of true solution. This would explain the failure of Noyes and 
Whitcomb (J. Amer. Chem. Soc., 1905, 27, 747) to observe any 
definite migration of the lead in ammonium acetate solutions of 
lead sulphate. In one experiment, however, they observed a 
comparatively slight migration in the direction of the anode. 
H 














194 BRITTON AND MEEK: PHYSICO-CHEMICAL STUDIES OF 





UI. The Solubility of Lead Sulphate in Sodium Acetate Solutions. 


Solutions of lead acetate in sodium acetate were studied in more 
detail in view of their bearing on the solubility of lead sulphate in 
alkali and ammonium acetate solutions. Fox (J., 1909, 95, 878) 
determined the solubility of lead sulphate in sodium acetate 
solutions of concentrations ranging from 0-88M to 4-15N, and his 
data show that the number of mols. of sodium acetate required to 
dissolve 1 mol. of lead sulphate rapidly fell from 35-9 to 10-0 with 
increasing concentration of sodium acetate. On the other hand, 
Jaques (loc. cit.) claims to have proved the existence of complex 
lead anions in much more dilute solutions by means of potential 
measurements of the lead electrode. We have measured the lead- 
ion concentrations (see Part II) of a number of lead acetate—sodium 
acetate solutions, and also of sodium acetate solutions containing 
(i) lead nitrate and potassium sulphate in exactly equivalent 
amounts and (ii) lead acetate and potassium sulphate in varying 
excess. The lead-ion concentrations of typical solutions used in 
these three sets of experiments are given in Tables VI, VII, and 
VIII respectively. 


TaBLeE VI. 
[NaOAc] . Hydrolysis, [Pb” Pb,% [Pb JOH’ 

[NaOAc]. [Pb(OAc),)]. [Pb(OAc),] pa. rd T - 104 ionen, ¢ ot 

- 0-0101 0 535 —- — 28-8 28-5 1-45 
0-00912 0-00915 1-0 6-06 6-7 2-3 19-5 21-7 2-57 
0-0167 0-00835 2-0 6-19 67 3-5 14-1 16-9 3-39 
0-0230 0-00765 3-0 6-27 70 43 933 12-2 3°24 
0-0284 0-00711 4-0 6-34 72 49 6°76 9-5 3°24 
0-0331 0-00661 5-0 6-38 7-7 56 65-89 8-9 3°39 
0-0372 0-00619 6-0 6-41 82 63 6-01 8-1 3°31 
0-0407 0-00582 7-0 644 86 68 4-27 73 3-24 
0-0492 0-00492 10-0 6-50 10-1 85 2-82 5-7 2-82 
0-122 0-00918 13-3 6-76 6-2 1-07 1-17 3-55 
0-223 0-00842 26-5 6-90 9-0 0-347 0-41 2-19 
0-309 0-00777 39-8 6-97 11-4 0-169 0-22 1-48 
0-383 0-00721 53-1 7-05 12-4 0-102 0-14 1-29 
0-447 0-00673 66-4 7-09 14-5 0-0676 0-10 1-02 
0-503 0-00631 79-7 7-13 15:8 00-0479 0-08 0-87 
0-552 0-00594 92-9 7-19 16-1 0-0355 0-06 0°85 
0-596 0-00561 106+2 7-22 17-2 0-0269 0-05 0:74 
0-635 0-00532 119-4 7°26 17-6 00-0219 0-04 0-72 
0-670 0-00505 132-7 7-29 18:3 0-0169 0-03 0-66 

TasiE VII. 
[Pb )[S0,"] 

[Pb(NO,),]. [K,SO,]}. [NaQAc]. pu. [Pb"]x10°. x 107. 

0-02655 0-02655 0-960 7-64 0-74 1-96 

0-02855 0-02855 0-731 7-53 1-35 3-85 

0-03333 0-03333 0-682 7:47 1-91 6°37 

0-03687 0-03687 0-538 — 1-55 5-71 


0-03913 0-03913 - 0-445 -— 1-78 6-96 
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Taste VIII. 
[Pb {SO,"] 
[Pb(OAc),}. [K,SO,]. [NaOAc]. px. [Pb"]x10*. x 107. 
0-00385 0-05769 0-780 7:79 1-45 0-84 
0-00741 0-05556 0-752 7-73 2-82 1-57 
0-01071 0:05357 0-725 7:70 4:17 2-23 
0-01667 0-05000 0-676 7-60 8-32 4-16 
0-02857 0-04286 0-580 ~- 8-32 3-57 


Table VI shows that there is a progressive decrease in lead-ion 
concentration as the concentration of sodium acetate increases. 
This large diminution is surprising when it is considered that after 
the addition of 133 mols. of sodium acetate to lead acetate hydro- 
lysis had only proceeded to 18%. The last column, which gives 
the ionic product, shows that the solubility product of lead hydr- 
oxide is in no case exceeded. By comparing these products with 
those referring to basic lead acetate solutions alone (see Part II), 
it will be noticed that the effect of the added sodium acetate was 
to stabilise the basic lead acetate by maintaining a lower ionic 
product. There is little except qualitative agreement between the 
authors’ lead-ion concentration data and those of Jaques (loc. cit.), 
although our potentials were reproducible to within a millivolt. 
In col. 6 of Tables VII and VIII the products of the lead- and ‘sul- 
phate-ion concentrations were calculated on the assumption that 
fully ionised sodium sulphate existed in the solution. The first three 
solutions referred to in Table VII were clear when their lead-ion 
concentrations were determined, but the other two contained 
traces of lead sulphate. The first two solutions became cloudy 
after 5 hours’ shaking, whilst definite precipitates were noted in the 
others. All the solutions in Table VIII were turbid, but in the last 
there was a definite precipitate. An attempt was made to deter- 
mine the solubility product of lead sulphate electrometrically by 
using the lead electrode in the titration of lead nitrate with potass- 
jum sulphate solution. In the vicinity of the end-point, however, 
and after excess potassium sulphate solution had been added, the 
lead electrode behaved erratically and did not yield steady poten- 
tials; this also proved to be the case in solutions of potassium 
sulphate containing lead sulphate which had been allowed to stand. 

The solubility product of lead sulphate, however, has been cal- 
culated to be 1-83 x 10 at 20° from published data (seé Mellor, 
“A Comprehensive Treatise, etc.,” Vol. 7, p. 808). Sehnal (Compt. 
rend., 1909, 148, 1394) gives a value four times as great for 18°. 
It will be seen from Tables VII and VIII that the value of 
[Pb*[SO,’’] is larger than either of these values, even though in 
some cases the solutions were clear. It therefore appears that true 
equilibrium had not been obtained, and although shaking of the 
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solutions tended to accomplish this, the precipitation of lead sul. 
phate was only brought about very slowly. The py values given in 
Tables VII and VIII are dependent upon the ratio [OAc’]/[HOAc]. 
A 0-5M-sodium acetate solution would have py = 9-4 + flog 05 
= 9-29. The lower values obtained indicated that there must have 
been some undissociated acetic acid in solution with which the 
acetate ions from the concentrated sodium acetate solution had 
come into equilibrium. These p,y’s, together with the low lead-ion 
concentration, therefore support the contention that the dissolution 
of lead sulphate in sodium acetate is due to the formation of basic 
lead acetate and free acetic acid. 


In conclusion, one of the authors (F. H. M.) desires to thank the 
Plymouth Education Authority for a Scholarship, and the Senate 
of this College for a grant from the Andrew Simons Research Fund 
which has made this collaboration possible. 
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26. Physico-chemical Studies of Complex Form- 
ation Involving Weak Acids. Part IV. Alkali 
Solutions of Lanthanum Tartrate. 


By Husert Tuomas StanteEy Brirron and Wi11am Epwarp 
BaTTRICK. 


THE dissolution of lanthanum tartrate in solutions of either alkalis 
or alkali tartrates is an excellent example of the property possessed 
by hydroxy-acids of holding certain metallic bases in solution even 
though the p, values of such solutions may be very much higher 
than those at which the bases themselves normally become pre- 
cipitable. Britton (J., 1926, 293) found that normal lanthanum 
tartrate, besides being soluble in alkalis and alkali tartrates, dis- 
solves in a large excess of either tartaric acid or sodium bitartrate. 
The solubility in these last two cases is in all probability governed by 
solubility-product requirements, each of these reactants eventually 
establishing tartrate-ion concentrations which, owing to the small 
second ionisation constant of tartaric acid, are lower than that 
necessary to exceed the solubility product of lanthanum tartrate. 
Although little work was done on the cause of the solubility in 
sodium hydroxide solutions, definite indications were obtained 
that the lanthanum tartrate did not exist as such in these solutions, 
but as a basic tartrate. Conductivity and 7.M.F. measurements 
have now been employed in a further study of the problem. 
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EXPERIMENTAL. 


1. Conductometric Titrations.—Lanthanum tartrate dissolves in 
sodium tartrate solutions only when the latter is in considerable 
excess; but it dissolves readily in sodium hydroxide solution 
especially in presence of sodium tartrate. Two series of conducto- 
metric titrations were therefore performed at 25° with a view to 
investigate the mode of dissolution in these two types of solution. 


Fig. 1. 


as | 












48 








* 
‘ 





& 
n> 








& 
$ 





Specific Conductivity x 10°. 
& 
is) 


in ffugolved. 





36 


























+4 
[0 7 12 B 
ret NadH” A 
be 1 2 3 
0 1 2 3 4 5 6 7 


Equivs. Sodium Tartrate (curves I and II). 


In the first place, the specific conductivities of solutions, obtained 
by adding 0-05M-sodium tartrate solution to 75 c.c. of 0-01333M- 
lanthanum chloride solution, were measured. These are recorded 
in columns A of Tables I and II for amounts of sodium tartrate in 
excess of 30 c.c. (the amount required for the precipitation of 
lanthanum tartrate) and 42 c.c., respectively. The variation in 
specific conductivity is also plotted in Fig. 1, in which the first 
section corresponds to the precipitation of lanthanum tartrate, and 
the second (curve I) to the addition of an increasing excess of 
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sodium tartrate. The specific conductivity of the mother-liquor 
on the addition of 3 equivs. of sodium tartrate, 1.e., 3Na,T to 2La, 
is seen to be slightly greater than would have been the case if the 
solution had contained only sodium chloride, the difference appar- 
ently being due to the slight solubility of the lanthanum tartrate, 
To ascertain whether any lanthanum. tartrate was being dissolved 
during the progressive addition of sodium tartrate, a sodium 
chloride solution was prepared having the same volume and con. 
centration as that of the mother-liquor when precipitation had 
become complete. To this solution 0-05M-sodium tartrate solution 
was added. The variations in the specific conductivities thus set 
up are recorded in columns B of Tables I and II, and plotted 
(curve II) in Fig. 1. Curves I and II are not quite congruent, and 
reveal that the presence of the suspended lanthanum tartrate is 
responsible for a very small diminution in the conductivity of the 
sodium tartrate, this effect becoming greater with increasing excess 
of sodium tartrate. 

The next conductometric titration was of a solution of sodium 
chloride and precipitated lanthanum tartrate with 0:1N-sodium 
hydroxide. The solution was prepared by mixing 75 c.c. of 0-01333U- 
lanthanum chloride with 30 c.c. of 0-05M-sodium tartrate. The 
data obtained are recorded in Table I, column C, and are plotted 
on curve A in Fig. 1. The lanthanum tartrate dissolved when 
1-4 equivs. of alkali had been added (14-0 c.c.). The change in 
specific conductivity prior to the dissolution of the lanthanum 
tartrate is seen to be almost the same as that previously obtained 
when the titrant was sodium tartrate, and it therefore appears 
that the sodium hydroxide must have been converted into sodium 
tartrate by reaction with the suspended lanthanum tartrate. Despite 
this attack, it was ascertained by parallel experiments that no 
lanthanum passed into solution until its tartrate had been rendered 
sufficiently basic for its dissolution to take place. Soon after the 
precipitate had dissolved, a break was observed in the titration 
curve, at x, after which additions of alkali caused a rapid increase 
in specific conductivity. 

It was suspected that this sharp increase was due to the presence 
in the solution of free alkali which had ceased further to attack 
the dissolved basic tartrate. To prove this, the exact amount of 
alkali required to produce the basic tartrate was estimated by 
drawing tangents to the two sections of curve A and finding the 
point of intersection, X. This point corresponded to the addition 
of 16-5. c.c. of 0-1N-sodium hydroxide, and therefore the com- 
position of the soluble basic tartrate would then have been 
La,(OH)s.s913-35- A solution, of the same volume as that of the 
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TaB_E I. 
Conductometric titration of lanthanum tartrate. 
A. B. C. D, 
75 C.c. 0-01333M- 105 C.c. 75 C.c. 0-01333M- 105 C.c. 0-02857M- 
LaCl, + 30 c.c. 0-02857M- LaCl,-+ 30 c.c. NaCl-+ 16-5 c.c. 
0-05M-Na,T with NaCl with 0-05M-Na,T with 0-05M-Na,T with 
0-05M-Na,T. 0-05M-Na,T. 0-1M-NaOH. 0-1M-NaOH. 
Na,T, Na,T, NaOH, NaOH, 
C.€. «x10. ce. «X10*%.  c.c. « X 10°. c.c. « x 10°, 
0 3-30 0 3-26 0 3-30 
2 3°36 2 3°35 2 3°35 
+ 3-45 4 3-44 4 3°43 
6 3-53 6 3°54 6 3°52 
8 3-62 8 3°64 8 3°60 
10 3°70 10 3°72 10 3-68 
12 3-78 12 3-80 12 3°74 
14 3°88 14 3°81 
15 3-89 15 3°91 15 3°85 
16 3°94 16 3°92 
0 3-98 
17 4-01 0-5 4-04 
18 3-99 18 4-02 18 4-11 1-5 4:18 
19 4-20 2-5 4-32 
20 4-06 20 4-09 20 4-32 3-5 4-46 
21 4-09 21 4:13 21 4-44 4-5 4-60 
22 4-56 5-5 4-74 
23 4-69 6-5 4-87 
24 4-18 24 4-22 24 4-81 
27 4-25 27 4-29 27 5-19 
30 4-32 30 4:37 30 5-58 


liquid at this stage of the titration, containing no lanthanum, 
but the same amount of sodium chloride and sodium tartrate— 
considered to have been formed by the interaction of the added 
alkali—was treated with alkali and the variations in conductivity 
noted, The titration curve commences from the point z, and 
whilst its slope is approximately that of the corresponding section 
of the lanthanum tartrate curve, it shows that the specific con- 
ductivities of the alkaline lanthanum tartrate solutions are some- 
what lower, the difference increasing with the amount of alkali 
added. It would therefore appear that the basic lanthanum 
tartrate in solution was still being decomposed by the alkali but 
only to a comparatively slight extent. The data for this titration 
are given in Table I, column D. 

In the second series of conductometric titrations, 1-2 equivs. of 
sodium tartrate were added in excess, and the reaction with alkali 
studied. The details are given in Table II, column C, and the 
titration curve is B in Fig. 1. The curve begins at B’ on curve I 
and once again the alkali curve falls a little below the sodium 
tartrate curve, I. The precipitate dissolved when 1-3 equivs. of 
alkali had been added, i.e., some time before the rapid increase in 
specific conductivity occurred, The composition of the basic com- 
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plex was ascertained from the position of the point Y, viz., 
La,(OH)s.g91 3-35, and a similar titration of alkali salts with sodium 
hydroxide (column D, Table II), when plotted (Fig. 1), again 
revealed that the soluble basic tartrate gradually removed alkali 
from the solution in being rendered more basic. 


TaBLeE II. 


Conductometric titration of lanthanum tartrate in presence of a small 
excess of sodium tartrate. 


A. B. C. D. 

75 C.c. 0-01333M- 105 C.e. 75 C.c. 0-01333M- 105 C.c. 0-02857M. 
LaCl, + 42 c.e. 0-02857M- LaCl,+ 42 c.c. NaCl-+ 28:5 c.c. 
0-05M-Na,T with NaCl+12c.c. 0-05M-Na,T with 0-05M-Na,T with 
0-05M-Na,T. 0-05M-Na,T. 0-1M-NaOH. 0-1M-NaOH. 

Na,T, Na,T, NaOH, NaOH, 
c.c. «x X 103. c.c. «XX 10°. c.c. «x 108. c.c. x X 103. 
0 3-78 0 3°80 0 3-78 
2 3°85 
4 3-93 4 3-94 4 3°91 
6 3°97 
8 4-06 8 4-09 8 4-03 
10 4-09 
12 4-18 12 4-22 12 4-14 
14 4-20 
15 4-23 
16 4-28 16 4-32 16 4-28 
0 0-433 
17 4-38 0-5 0-439 
18 4-32 18 4°37 18 4°47 1-5 0-452 
19 4-56 2-5 0-464 
20 4-67 3°5 0:477 
21 4:78 4-5 0-490 
23 5-01 6-5 0-516 


2. Potentiometric Titrations with the Hydrogen Electrode.—A 
series of hydrogen-electrode titrations was carried out to study the 
reaction between sodium hydroxide and lanthanum tartrate sus- 
pended in water containing (i) sodium chloride and (ii) sodium 
chloride and an excess of sodium tartrate. 75 C.c. of 0-01333M- 
lanthanum chloride were mixed with 30 c.c. of (i) 0-05M-, (ii) 
0-25M-, and (iii) 1-0M-sodium tartrate and titrated with 0-1N- 
sodium hydroxide; the excess sodium tartrate in these titrations 
was thus 0, 12, and 57 mols. respectively to each mol. of lanthanum 
tartrate. The py curves are plotted on the left of Fig. 2. All 
three curves are similar, and indicate that sharp changes in px 
began immediately after 2 mols. of alkali had been added to 1 mol. 
of lanthanum tartrate. The solutions had become appreciably 
alkaline some time before 4 mols. (instead of the 6 mols. required 
to convert the lanthanum tartrate completely into hydroxide) 
had been added. The influence of sodium tartrate in causing the 
basic lanthanum tartrate to dissolve on the addition of a smaller 
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quantity of alkali was again observed, for dissolution occurred at 
2-8, 2:2, and 0-8 mols, of alkali respectively. The curves reveal, 
since the inflexions are almost identical, that the composition of the 
basic lanthanum tartrate in each of the three solutions must have 
been similar. The smaller inflexion in the last two _ titrations 
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suggests that the basic complexes in the presence of sodium tartrate 
are a little more readily attacked by alkali. 

By comparing the conductometric curves in Fig. 1 with the 
hydrogen-electrode curve for lanthanum tartrate and sodium 
hydroxide, it is seen that the actual breaks in the former occur at 
3-30 mols. of alkali, corresponding to a point in the latter at which 
H2 
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the concentration of free alkali just begins to be sufficient to be 
reflected in the conductivity of the solution. 

The compositions of the basic lanthanum tartrate complexes 
present in the solutions have been calculated and are given in 
Table III. For this purpose, it was assumed that the basic tartrates 
present in the solutions were formed as the result of the reaction 
La,(C,H,0,), + «NaOH —> 

La,(OH),(C,H,O,)3 - 32 + 4¢Na,C,H,0,. 
Such a view is justifiable, for the conductometric titrations show 
that it is extremely probable that in the initial part of the reaction 
the sodium hydroxide is converted quantitatively into sodium 
tartrate. Where the solution has acquired an alkaline reaction, 
it is possible from the pg and the appropriate value of K,, to cal- 
culate the hydroxyl-ion concentration, which may be assumed to 
be that of unattacked sodium hydroxide. From this is found the 
amount of alkali which has reacted with the lanthanum tartrate, 
and the composition of the basic tartrate is then given by the 
above equation. 


TaB_eE ITI. 
Direct Titration, 
Composition of soluble basic lanthanum tartrate, La,(OH)(C,H,O,)3- iz. 


Values of x. 
Alkali added, Mols. of sodium tartrate in 

Mols. NaOH excess = 

Mols. La,T, 0. 12. 57. 
2-2 2-2 Diss. 
2-8 2-80 Diss. 
3-0 2-98 3-00 3-00 
4-0 3-50 3-74 3-80 
5-0 3-90 ~e 4-28 
6-0 4:26 — 4-48 


It will be seen from Table III that the presence of a considerable 
excess of sodium tartrate in the mother-liquor results in the lan- 
thanum tartrate dissolving before it has become highly basic. In 
every case the addition of alkali effected a further partial decom- 
position of the basic tartrate that had previously passed into 
solution. The figures in Table III do not give any indication of 
the formation of a basic lanthanum tartrate of definite composition. 
Calculations of its composition in solutions to which a large excess 
of alkali had been added showed that basic tartrates‘existed therein, 
but the errors inherent in the computations were such as to prevent 
any precise significance being attached to the results. 

The next titrations were performed to ascertain whether the 
composition of the dissolved basic tartrate was in any way dependent 
on the mode of treatment of the alkaline solutions. Three back- 
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titrations with hydrochloric acid were therefore carried out of com- 
plex lanthanum tartrate solutions to which had been added the 
amount of alkali theoretically necessary to form lanthanum hydr- 
oxide. The first was done immediately after mixing the reactants, 
the second after the complex solution had assumed a condition of 
equilibrium during prolonged standing, and the third after short 
boiling followed by cooling. Their respective titration curves are 
A, B, and C in Fig. 2, and the compositions of the soluble basic 
tartrates are recorded in Table IV in the respective columns 


TABLE IV. 


Back-titration of mixtures of 75 c.c. of 0-01333M-lanthanum chloride, 
30 c.c. of 0-05M-sodium tartrate, and 30 c.c. of 0-1N-sodium 
hydroxide, with 0-1N-hydrochloric acid. 

Compositions of soluble basic lanthanum tartrate, La,(OH),(CyH,O,)3- 42 


Values of x. 


HCl, mols. A. B. Cc. 

0 4-26 5-02 5-00 

0-5 4-24 4-84 4-76 

1-0 4-14 4:64 4-56 

1-5 3-94 4-40 4:38 

2-0 3-78 3-98 4-00 

2-18 3-82 ppt. 

2-5 3-46 3-50 

2-6 3-40 ppt. 

3-0 2-98 

3-2 2-80 ppt. 


A, B, and C. In the first column the amount of hydrochloric 
added is given in terms of mols. of HCl per mol. of La,(C,H,Og)s. 
Ageing and boiling are seen to have the effect of decomposing the 
basic tartrate a little beyond that occurring on the simple mixing 
of the reactants. The boiled solution began to precipitate when 
the py, had fallen to 8-97 and 2-18 mols. of hydrochloric acid had 
been added; the solution that had stood required more acid, viz., 
2-6 mols. and-a lower py, 8-43; and, in the immediate titration, 
precipitation was delayed until 3-2 mols. of acid had been added 
and py, 8-55 attained. The final inflexion in the curves A, B, and 
C occurs before the addition of 6 mols. of acid, showing that the 
precipitated lanthanum tartrate was still basic. 

Table IV indicates that the soluble basic tartrate became less 
basic as the hydrochloric acid was added. It is probable therefore 
that a fresh equilibrium was tending to be set up between the 
solution and a salt of increasing tartrate content. The added acid 
appeared first to react with the basic complex, but the final 
equilibrium was only set up, after a considerable time, by a further 
reaction—between the complex and sodium tartrate—and to 
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account for the slowness of this it is suggested that the basic tartrate 
is pseudo-colloidal. 

To ascertain whether the presence of an excess of alkali tartrate 
in complex lanthanum tartrate solution conferred increased stability 
on the basic tartrate, two further titrations were carried out, the 
solutions containing sodium tartrate and lanthanum tartrate in the 
molar ratios of 12:1 and 57:1. The results (see curves E and F, 
Fig. 2) are given in cols. 3 and 4 of Table V; col. 2 is inserted for 
comparison, as it refers to the titration of the mixture of lanthanum 
tartrate and caustic soda alone shown in curve B, Fig. 2. Each 
of the mixtures used in these titrations had stood for 14 days 
before titration. Table V shows that the compositions of the 
complexes in each of the titrations were almost identical during the 
addition of the first 2 mols. of hydrochloric acid. The appearance 
of precipitates from the solutions was considerably delayed: the 
first solution showed a precipitate at py 7-49 with 3-92 mols. of acid, 
and the second at p, 6°72 with 5-66 mols. 





TABLE V. 

Back-titrations of mixtures of 75 c.c. of 0-01333M-lanthanum chloride, 
30 c.c. of yM-sodium tartrate, and 30 c.c. of 0-1M-sodium hydr- 
oxide after standing, with 0-1N-hydrochloric acid. 

Composition of soluble basic lanthanum tartrate, La,(OH).(C,H,4O,)3-i2- 
Values of x. 
yM-Sodium tartrate. 





HCl, mols. 0-05M. 0-25M. 1-00M. 

0 5-02 4-98 4-98 

0-5 4-84 4-86 4-88 

1-0 4-64 4-74 4-76 

1-5 4-40 4-46 4-46 

2-0 3-98 4-00 4-00 

2-5 3-50 3-50 3-50 

2-6 3-40 ppt -_— — 

3-0 -— 3-00 3-00 

3°92 —- 2-08 ppt. a 

5-66 — — 0-34 ppt. 


It is significant that precipitation occurred from solutions con- 
taining only a little sodium tartrate within the range py 8-4—9-0, 
for Britton (J., 1925, 127, 2142) has shown that under normal 
conditions this is the range in which lanthanum hydroxide is pre- 
cipitated. In the present circumstances the small amount of 
dissolved sodium tartrate appears to be responsible for the main- 
tenance of the lanthanum in solution above p, 9. In the titrations 
of the solutions in which much sodium tartrate was present, pre- 
cipitates did not separate until well below py 8. The “ humps” 
in the titration curves, E and F, between p, 8 and 9, however, 
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reveal that important changes were taking place in the solutions. 
The hydrochloric acid must have reacted with the basic tartrate 
to form a less basic complex, which, in the previous titrations, 
then began to precipitate. Precipitation did not occur in these 
titrations owing to the power possessed by the alkali tartrate of 
retaining the basic lanthanum tartrate in solution. 

To see whether the addition of an excess of alkali to complex 
lanthanum tartrate solutions brought about an increased decom- 
position of the basic tartrate, a series of back-titrations with 
0-1N-hydrochloric acid was carried out (Table VI). The first four 
titrations refer to alkaline solutions in which the molar ratio of 
lanthanum tartrate to sodium tartrate was 1:1-18. Of these, the 
first two were carried out directly after mixing in the cold, whereas 
the others were performed on mixtures that had previously been 
boiled. The data given in the last column, headed D, refer to 
curve D in Fig. 2, and correspond to a titration of a boiled mixture 
of 75 c.c. of 0-01333.M-lanthanum chloride, 45 c.c. of 0-05M-sodium 
tartrate, and 45 c.c. of 0-1N-sodium hydroxide ; i.e., LagT', : NagT = 
1: 1-5. 

TaB.e VI. 


Back-titrations of mixtures of 100 c.c. of 0-00957M-lanthanum 
chloride, 40 c.c. of 0-05M-sodium tartrate, and y c.c. of 0-0976N- 
sodium hydrexide, with 0-1N-hydrochloric acid. 

Composition of soluble basic lanthanum tartrate, La,(OH),(C,H,O,)3- 42. 


Values of x. : 
y= 30 50 50 70 D 
HCl, mols. — — boiled boiled boiled 
0 4-62 4-78 5-20 5:21 5-30 

1-0 4-32 4-42 4-80 4:84 4-90 

1-78 = ao — — 4-22 ppt. 

2-00 3-86 3-92 4-00 4-00 

2-08 — — — 3-92 ppt. 

2-12 —_ -- 3°84 ppt. 

2-50 3-48 3-48 

3-00 3-00 3-00 ppt. 

3°22 2-78 ppt 


The numbers of mols. of hydrochloric acid given in the first 
column are those in excess of the amount equivalent to the sodium 
hydroxide added beyond that theoretically required to decompose 
the lanthanum tartrate. The data given in Table VI may thus be 
compared with those in the foregoing tables. The precipitates 
separated from the first two solutions at py 8-36 and 8-44 with 
322 and 3-00 mols. of acid respectively. The solutions that had 
initially been boiled required rather less acid for precipitation, and 
the corresponding p,’s were higher, viz., 8-81, 8-74, and 8-99 
respectively. Table VI shows that the addition of an excess of 
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alkali causes the basic tartrate to be slightly more hydrolysed, so 
much so that in one titration the basic tartrate acquired a com- 
position corresponding to La,(OH) 5.351 'o.35- 


Discussion. 


The conductivity curves in Fig. 1 show that the dissolution of 
Janthanum tartrate in sodium hydroxide is accompanied by the 
formation of sodium tartrate. Whether this sodium tartrate is 
actually the cause of the lanthanum tartrate dissolving is not 
certain, although the experiments described above show that a 
greater concentration of free sodium tartrate causes dissolution on 
the addition of a smaller amount of alkali. Despite this, the 
curves in Fig. 1 reveal that the basic tartrates in the solutions on 
the attainment of alkalinity are very similar. Furthermore, there 
appears to be no definite stoicheiometrical relationship between 
the basic lanthanum tartrate and sodium tartrate in the complex 
solution; in fact the composition of the former depends on the 
treatment which has been accorded to the solutions. 

Dissolution of the lanthanum tartrate does not occur until the 
added alkali has rendered it sufficiently basic. The process of 
dissolution has been studied over a period of several months. Sus- 
pensions of lanthanum tartrate in various concentrations of alkali 
were kept, and it was found that as the ratio of sodium hydroxide 
was increased, the precipitates did not dissolve but became more 
and more bulky and did not settle out even when left undisturbed 
for several months. When the amount of alkali was just insufficient 
to give a clear solution, the basic lanthanum tartrate assumed a 
translucent gelatinous form which dispersed itself throughout the 
entire volume of the mother-liquor. The mixture corresponding 
to the point at which dissolution appeared to be almost complete 
in the course of the above titrations, i.e., on the addition of 1-2 
mols. of sodium hydroxide to 1 mol. of lanthanum, on standing, 
set to an almost transparent gel, whilst with increasing proportions 
of alkali, the liquids formed after standing became less viscous 
until 1-4 mols. of sodium hydroxide had been added, whereupon 
@ clear solution was obtained. It thus appears that, besides the 
passing of some sodium tartrate into the solution, there is a gradual 
change in the colloidal form of the precipitate involving a diminu- 
tion in the size of the dispersed particles. Since the difference 
between colloidal and true solutions is one of particle-size, it seems 
reasonable to imagine that when the precipitate actually dis- 
appeared, the dispersed particles were still undergoing diminution 
of size and that they finally acquired the dimensions necessary to 
give an optically clear solution. We are thus confronted with an 
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nstance 0 a solution in which the solute appears to have no precise 
chemical individuality, but resembles rather a dispersed colloid. 
Yet the solution gives no sign of heterogeneity such as is given by 
solutions that are definitely known to be colloidal. It would 
appear from these experiments that the sodium tartrate was in 
some way responsible for the peptisation of the basic lanthanum 
tartrate, though this process is facilitated by an increased con- 
centration of hydroxyl-ions. 

The effect of the hydroxyl-ion concentration, however, may be 
included in the condition of rendering the lanthanum tartrate 
sufficiently basic for dissolution to become possible. Sodium 
tartrate alone, if added in sufficient excess, dissolves lanthanum 
tartrate. It is likely that the large concentration of sodium tartrate 
first converts the lanthanum tartrate into a basic tartrate before 
effecting its dissolution. It is hoped to carry out some cataphoretic 
experiments on the solutions. 


In conclusion, one of the authors (W. E. B.) desires to express 
his indebtedness for grants-from the Senate of this College (from the 
Andrew Simon Research Fund) and from the Plymouth Education 
Authority which have made possible the prosecution of this 
research. 
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27. Studies of Valency. Part XV. The Dielectric 
Constants of Phosphorus Trichloride and Penta- 
chloride. 


By Taomas Martin Lowry and James Horton. 


In a previous paper (Lowry and Jessop, J., 1930, 782), it was shown 
that sulphur tetrachloride exhibits the anomaly of having a higher 
dielectric constant in the solid state than when fused. This anomaly 
pointed to the occurrence of a change of molecular structure on 
fusion; it was therefore in harmony with observations which had 
already shown that the tetrachloride is decomposed to such an 
extent that it cannot be detected in the liquid state, except perhaps 
by its catalytic activity. The experimental observations were there- 
fore interpreted by means of the equation 


[SCl,]Cl —~ SCl, + Cl, 
Solid Liquid 
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In the present paper similar observations are reported in reference 
to phosphorus pentachloride, where the dielectric constant falls on 
fusion to about two-thirds of its value in the solid state, viz., from 
4:23 at 22-8° to 2-85 at 160°. In this case, however, the fall of 
dielectric constant cannot be attributed to a complete dissociation 
of the higher chloride on fusion, since determinations of vapour 
density have shown that it persists to the extent of about 60% in 
the gaseous phase at 182° (Cahours, Ann. Chim. Phys., 1847, 20, 
373). It appears likely, therefore, that the liquid contains integral 
molecules of PCl;. These may be ionised to a limited extent in 


+ ” 
solution, perhaps according to the equation PCl, == PCI, + Cl, 
since solutions of phosphorus pentachloride in nitrobenzene (Hol- 
royd, Chem. and Ind., 1923, 42, 348) and of phosphorus penta- 
chloride and pentabromide in liquid bromine (Plotnikov, Z. physikal. 
Chem., 1904, 48, 220; Plotnikov and Jakubson, ibid., 1928, 138, 
235) are said to be conducting; but the extent to which the mole- 
cules are dissociated into ions in the molten pentachloride can 
only be very small, since the fused pentachloride and its solutions 
in phosphorus trichloride and in chlorine have only a minimal 
conductivity. The high dielectric constant of the solid, which is 
comparable with that of sylvine, must therefore be attributed to 
the separation of a polar modification which is only a minor com- 
ponent of the liquid; e.g., the crystals may perhaps be an aggregate 
of ions of the type indicated above. This conclusion can only be 
established when the complex X-ray diagrams of the crystals have 
been analysed; but in the meanwhile independent evidence of the 
polar or salt-like character of the solid pentachloride is provided 
by its sparing solubility, not only in carbon tetrachloride, but also 
in liquid chlorine and in phosphorus trichloride, from which it is 
precipitated in much the same way as sulphur tetrachloride from 
sulphur dichloride and chlorine. 


EXPERIMENTAL. 


Methods.—The general method of measurement was similar to 
that used by Lowry and Jessop (loc. cit.). It was found, however, 
that the bank of small condensers, calibrated by a step method 
in terms of a small variable condenser, had sufficient mutual capacity 
to render this procedure inexact, since the change in capacity on 
disconnecting any one condenser was different according to which of 
its neighbours were also disconnected. Complete screening of each 
individual condenser is therefore essential. In the measurements 
now described, a single standard variable air condenser of capacity 
70—180 »yF was used, after calibration to 0-02 uuF at the National 
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Physical Laboratory. In addition, the valve circuit was stabilised 
by substituting a high-tension accumulator, with a 2 uyF condenser 
in parallel, for the dry battery, and by wrapping the valve in cotton- 
wool. 

Measurements with Phosphorus Trichloride.—The cell used for the 
experiments on the chlorides of sulphur was used again for measure- 
ments of the dielectric constant of phosphorus trichloride. It was 
calibrated with the following results : 


Air e = 1-001 ce = 13-33 puF 

Benzene (16°3°) ¢ = 2-:289* c= 25-69 ,, 

Ether (182°) « = 4:370* c = 44-67 ,, 
whence c = 3-401 + 10-06le — 0-14127c? 

or ¢= 03288 + 0-097446c + 0-00017235c? 


* These values were selected by Hartshorn (‘‘ International Critica 
Tables,’ VI, 82). 


The phosphorus trichloride was distilled from red phosphorus to 
remove any excess of chlorine, and fractionated through a column, 
The fraction boiling at 73-5° -|- 0-2° was collected, and redistilled 
in a sealed apparatus by cooling the receiver with carbon dioxide 
and acetone. The distillate, which had been thus freed from the 
gaseous and solid products of hydrolysis, was transferred to the 
condenser by a similar method. 

The dielectric constants of phosphorus trichloride over a range 
of temperatures were then determined, with a wave-length of about 
250 metres, as follows : ' 

Temperature. Density, ¢, pi Om 3 M . P 

C. Abs. p. ppF. €. e+2 p PT. (cale.). 

17-0° 290-0° 1-5810 36-86 3-498 39-49 11,453 39-47 

18-0 291-0 1-5792 36-78 3-490 39-42 - 11,470 39-44 


33-3 306-3 15505 35°47 3-346 38-89 11,912 38-91 
59-8 332-8 15000 33°58 3-139 38°13 12,690 38°11 


¢ Guye and Baud, Compt. rend., 1901, 182, 1553. 


The values of the dielectric constant are probably accurate to 2 
in the last figure. 

The calculated values of P were deduced from the equation 
P=A4 B/T, where A = 28-90, B = 3066-5. This leads to a 
value of the electric moment : 


u = 1-272 x 10°%/B = 0-70 x 10-8 e.s.u. 


This is very similar to the value, 0-80 x 10-18, deduced by Bergman 
and Engel (Physikal. Z., 1931, 32, 507) for dilute solutions in carbon 
tetrachloride, thus indicating that the mutual influence of the mole- 
cules is not large. This conclusion is in harmony with the low 
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boiling point of the liquid, in which there appears to be no extensive 
association. 
Measurements with Phosphorus Pentachloride.—Although plat- 
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inum electrodes are not readily attacked 
either by liquid chlorine or by phos- 
phorus trichloride, they are attacked 
by mixtures of these two liquids. This 
action proceeds slowly at 65° and rapidly 
at 85°, so that on cooling from the 
latter temperature beautiful yellow 
crystals separated, in place of the usual 
white precipitate of the pentachloride. 
This yellow precipitate is probably 
identical with the compound, 2PCl,,PtCl, 
or [Pt-2PCl,°Cl,], which was prepared 
by Schutzenberger and Fontaine in 
1872 (Bull. Soc. chim., 17, 483) and 
examined again in 1903 by Rosenheim 
and Lowenstamm (Z. anorg. Chem., 37, 
394). 

Further experiments showed that 
silver was attacked, but that nickel, 
melybdenum, and tungsten were not 
affected, when heated with a mixture 
of phosphorus trichloride and penta- 
chloride in a sealed tube at 180°, during 
a period of 48 hours; moreover, no 
nickel could be detected in the mixed 
chlorides by the dimethylglyoxime test. 
A condenser (Fig. 1) was therefore con- 
structed of nickel, with Pyrex insulation 
and enclosed in a Pyrex vessel, through 
which tungsten leads were sealed. The 
capacity of the condenser was deter- 
mined when filled with air (24-13 pyF), 
benzene at 18° (50-47 wyF), and phos- 
phorus trichloride at 19-2° (72-26 puF), 
giving the relation : 


¢ = — 0-006 + 0-03846c + 0-0001354c*. 
The pentachloride was introduced into 


the bulb B through a ground joint, and pumped out until nothing 
more could be condensed in a liquid-air trap except a little white 
solid pentachloride; the bulk of the solid had then also lost its 
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yellow colour and its tendency to cohere. The bulb was sealed and 
heated until the pentachloride melted, ran down, and filled the 
condenser. The dielectric constants were then determined, in the 
liquid state and after solidification, as follows : 


Liquid at 160°, « = 2-85. 
Solid at 22-8°, « = 4-23. 


The readings were less sharp than during calibration, since the 
resonance band was wide, perhaps by reason of a small electrolytic 
conductivity in the liquid; and bubbles of gas were liberated when 
the liquid crystallised as a white solid; but, since the apparatus 
had been exhausted, the normal volume of gas was probably 
negligible. 

The numbers recorded above are rather higher than the pre- 
liminary values of Lowry and Jessop (loc. cit., p. 790), viz., ¢ = 2°7 
in the liquid at 165°, « = 4-1 in the solid at 130°, but they establish 
in a more precise form the anomaly which was then observed, and 
show that the high dielectric constant of the solid is not confined 
to the immediate neighbourhood of the freezing point, as in the 
cases studied by Errera (T'rans. Faraday Soc., 1928, 24, 162). 


Summary. 


The dielectric constant of phosphorus trichloride falls from 
3-498 at 17° to 3-139 at 59-8°. That of phosphorus pentachloride 
increases from 2-85 in the liquid at 160° to 4-23 in the solid at 
22-8°. This increase is attributed to a change of molecular struc- 
ture on crystallisation. 


We desire to express our thanks to the Salters’ Institute of 
Industrial Chemistry for a Fellowship which enabled one of us 
(J. H.) to take part in this work. ' 


LABORATORY OF PHYSICAL CHEMISTRY, 
CAMBRIDGE. [Received, November 21st, 1931.] 





28. An X-Ray Examination of the Oxides of Lead. 


By James ALBERT DARBYSHIRE. 


THERE has been considerable controversy regarding the composition, 
constitution, and ultimate structure of the oxides of lead. The 
properties of the various commercial samples differ rather widely 
according to the methods employed in their preparation. 

The ordinary methods of chemical analysis cannot distinguish 
between the variations in fine structure which are known to exist 
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even in compounds of the same chemical composition. It is this 
atomic arrangement, however, which determines the behaviour of 
the substance in its industrial applications. As these are now so 
extensive, it is necessary to find some explanation, and subsequently, 
some method of calculation, which can be applied to the study of 
these variations. 

During the present research a number of photographs of lead 
oxides have been taken, the Debye-Scherrer powder method being 
used, and by measurement of the spacing of the lines, along with 
observations of relative intensities, it is possible to come to some 
conclusion regarding the constitution of the various commercial 
samples and impure specimens of oxides. 

The apparatus employed to take the powder photographs is now 
so well known that a very brief description will suffice. The oxide 
in the form of a fine powder is attached to a hair by means of Canada 
balsam. This hair is mounted in such a manner that it can be 
completely rotated at the geometrical centre of the surrounding 
photographic film. The X-rays fall upon the powder and the dif- 
fracted beams diverge in various directions and are recorded on the 
sensitised surface of the film. By comparison of the photographs 
taken in this way, it is possible to decide whether there is a similarity 
in the internal atomic arrangement of any two samples, and to 
detect mixtures of two or more ingredients in any given specimen. 

The author has been concerned chiefly with the oxides and some 
of the compounds of lead, particularly from the point of view of the 
utilisation of these substances in the manufacture of the lead 
accumulator. This paper discusses the pure oxides, as well as certain 
commercial samples of lead monoxide, red lead, etc., and indicates 
how information regarding the constituents of the commercial 
oxides can be obtained by examination of the X-ray photographs. 

Lead Suboxide.—It is uncertain whether a suboxide of lead exists 
as a definite chemical compound or whether it is merely a mixture 
of lead with higher oxides. Winkelblech (Annalen, 1837, 21, 21) 
regarded the suboxide as a mixture of lead and lead monoxide, and 
Boussingault (Ann. Chim. Phys., 1833, 54, 263) said that it contains 
no metallic lead or lead monoxide, because mercury extracts nothing 
from it either dry or under water. Later, van Arkel (Rec. trav. 
chim., 1925, 44, 652), using X-ray methods, observed that the sub- 
oxide was a mixture of tetragonal lead monoxide and metallic lead. 
More recently, Ferrari (Gazzetta, 1926, 56, 630), also using X-ray 
methods, found the suboxide to be apparently a true compound of 
lead with oxygen, possessing a structure of the cuprous oxide type. 

The results of this research do not throw any definite light on the 
problem, but tend to support the view of van Arkel. If the sub- 
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oxide does exist as a definite compound, it must be of such an un- 
stable nature that few investigators succeed in carrying through the 
preparation and examination of the substance before it has decom- 
posed. Thus it is possible that a true compound was obtained by 
Ferrari, although all attempts here to reproduce the same material 
by the same method of preparation have failed to yield the same 
structure as indicated by the X-ray analysis. 

Material No. 1. Following Ferrari, this sample was prepared 
by passing carbon dioxide for 15 hours over lead oxalate at 310°. 
The product was a fine black powder, which gave a slight effervescence 
when treated with acid, apparently due to a trace of lead carbonate. 
The photograph did not resemble in any way that obtained by 
Ferrari, nor did it correspond to any of the other recognised forms or 
mixtures of the various forms of lead oxide. 

Material No. 2. This sample was prepared by heating lead 
oxalate in a vacuum for 8 hours at 290°. This method also yielded 
a fine black powder, very similar in appearance to that prepared by 
Ferrari's method. Whilst this preparation was cooling, air was 
suddenly admitted when the temperature had fallen to 80°. A pale 
red flash was seen near the specimen, but no permanent change of 
colour or other visible alteration in the nature of the material could 
be observed. The photograph of this preparation is reproduced 
as No. 2 on the plate, and measurements have indicated definitely 
that this is merely a mixture of metallic lead and red lead monoxide, 
thus reproducing the result obtained by van Arkel. For comparison 
a photograph of metallic lead is given (No. 1). 

Material No. 3. This was another attempt to prepare the oxide 
by the method of Ferrari, but the result was a white powder which on 
examination by X-rays appeared to consist of a trace of normal lead 
carbonate and a considerable amount of some other ingredient which 
did not resemble the original oxalate and has not yet been identified. 

Lead Monoxide.—There are many different modes of preparation 
of lead monoxide, and the products differ widely in colour according 
to the particular method adopted and the subsequent treatment. 
These differences have been attributed to differences in the state 
of aggregation, on the one hand, and in the physical structure, on 
the other. Although certain features in the behaviour of the mon- 
oxide are quite well known and reproducible, nevertheless, in general, 
these do not account for the variations in physical properties which 
are so evident. 

Samples of lead monoxide can be broadly classed either as red or 
yellow oxide. It was considered by Ditte (Compt. rend., 1882, 94, 
1311) and others that two enantiotropic forms of lead monoxide were 
involved, the red form being more stable at the ordinary temperature. 
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Glasstone (J., 1921, 119, 1689, 1914) reported that no relation could 
be observed between specific gravity, colour, and solubility, and 
therefore concluded that the various forms of monoxide differed 
only in the state of aggregation of the particles. 

On the other hand, Applebey and Reid (J., 1922, 124, 2129) 
obtained the oxides in the form of single crystals, and observed very 
marked differences in properties between the two samples, both from 
a crystallographic point of view and also in specific gravity, solu- 
bility, and electrode potentials. These results suggest that the forms 
exhibit a true case of dimorphism, and this view is conclusively 
confirmed by the X-ray examination. 

Red variety. This has been examined by Dickinson and Friauf 
(J. Amer. Chem. Soc., 1924, 46, 2457), van Arkel (loc. cit.), and Levi 
and Natta (Nuovo Cim., 1926, 3, 114). The specimen examined 
here was prepared by boiling a portion of finely powdered yellow 
monoxide in water until it had been converted into the red variety. 
The photograph is reproduced as No. 3, and in agreement with 
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TABLE I. 
Lattice Constants (in A.). 
Pb. Pb, O( 2). PbO, red. PbO, yellow. PbO,. 
4-913 Mixture * a= 5°55 \ y a = 5-50) a= <oes | 1s 
Tween, | 6 un 5-00 b = 4-68; ™ c/a= 0-685 
3 Pb red PbO c = 5-81 
4-98 8 4-91 a = 3-87 
c = 5-02 
4-914 5-38 * a= oat 41 a = 4-98 } 16 
c = 6-01 c = 3-40 
4-92 5 
4-942 © a = 3-87) 12 a= at 17 
¢ = 5.02 } c = 3-40 
4-935 7 
ih 4 Fe a= 4-96 \ 4, 
c = 5-02 c = 3-39 f 
Present work : 
4-938 Mixture of a = 3-968 a = 5-459 a = 4-931 
Pb + red PhO c= 5-011 b = 4-723 c = 3-367 
c = 5-859 
Pb,O, Lattice constants not yet determined. 


Pb,O, Amorphous. 
References.—! Vegard, Phil. Mag., 1916, 82,65. * Kirchner, Ann. Physik, 
1922, 69, 59. * Owen and Preston, Proc. Physical Soc., 1923, 35, 101. 
* Kolderup, Bergens Museums Aarbok, 1924—25. * Davey, Physical Rev., 
1924, 23, 292; 1925, 25,753. * Phoebus and Blake, Physical Rev., 1925, 25, 
107. 7? Levi, Nuovo Oim., 1924, 2,335. ® van Arkel, loc. cit. * Ferrari, loc. cit. 
10 Levi, Nuovo Cim., 1924, 1, 335. 11 Dickinson and Friauf, ioc. cit. 
12 yan Arkel, loc. cit. Levi and Natta, loc. cit. ™ Halla and Pawlek, 
loc. cit. 1% Davey, Physical Rev., 1924, 28, 763. 1° Ferrari, Rend. Accad. 
Sci. Fis.-Mat. Napoli, 1925, 2, 186. 17 van Arkel, Physica, 1925, 5, 162. 
18 Goldschmidt, ‘‘ Geochemische Verteilungsgesetze,’’ VI, 1926. 
* Lattice constant not given. 
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previous investigators the tetragonal type of structure is indicated. 
In Table I the lattice constants are given for all the oxides examined 
along with the values obtained by other workers. Although 
detailed attempts to determine the atomic positions from first 
principles have not been made here, nevertheless a calculation 
carried out on the structure proposed by Dickinson and Friauf 
(oxygen atoms at 000, 340; lead atoms at 0}u, 40w) gave good agree- 
ment with the observed intensities with wu = 0-23. 

Yellow variety. This variety has been previously studied by 
X-ray methods by Kohlschiitter and Scherrer (Helv. Chim. Acta, 
1924, 7, 337), and by Halla and Pawlek (Z. physikal. Chem., 1927, 
128,49). The photograph (No. 4) is clearly very different from that 
of the red variety, thus supporting the conclusions of Applebey and 
Reid as opposed to those of Glasstone. As suggested by Halla and 
Pawlek, the structure appears to be orthorhombic, the dimensions 
of the unit cell being given in the table. The actual atomic co- 
ordinates are not at present known with any certainty. 

Other samples of lead monoxide were then examined with the 
results indicated. 


(A) Commercial reddish-brown: mixture of red and yellow 
oxides, the former apparently in excess. 

(B) Commercial yellow : pure yellow oxide, no trace of any other 
ingredient. 

(C) Oxide scraped from surface of oxidised negative plate of a 
lead accumulator : yellow oxide and metallic lead. 

(D) Lead smoke formed by striking an arc between lead electrodes: 
yellow oxide, no trace of other oxides. 


In all the above cases the lattice constants remain in agreement 
with each other to within at least 0-2%.* 

Red Lead.—Red lead, or minium, Pb,O,, is: perhaps the most 
variable of all the lead oxides. The commercial material is rarely 
pure and contains a varying amount of unconverted lead monoxide, 
referred to as ‘‘free”’ litharge. The various samples differ con- 
siderably also in colour, particle size, and various other physical 
properties, quite apart from the differences to be expected as a 
consequence of variation in monoxide content. The composition 
of red lead is expressed in terms of its dioxide content; thus pure 
Pb,O, would have PbO,, 34:9%, and any deviation from this value 

* In a recent paper (J., 1931, 2821) Applebey and Powell came to the 
conclusion that there are only two polymorphic forms of lead monoxide, 

The variations in colour appear to be due to the presence of metallic lead, 
and the amount of lead present could be varied by different degrees of exposure 
to heat or light. This is in agreement with the fact that only two distinct 
structures are revealed by the X-ray examination. 
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indicates an impure sample, the most probable impurity being 
monoxide. ; 

Diagram No. 5 illustrates a photograph of pure red lead. This 
evidently has quite a complex structure about which nothing is yet 
known. It is evident, however, that Pb,O, has a characteristic 
structure of its own, and is not merely a mixture of other lead oxides. 
A number of photographs were taken of samples of commercial red 
lead, and in all cases they resembled that for the pure red lead with the 
addition of a few lines corresponding to yellow monoxide. Thus, in 
general, the “free ’’ monoxide content can be attributed largely, 
if not entirely, to yellow lead monoxide. 

The modification of red lead known as “ orange lead ”’ is not an 
impure form of Pb,O,, since its analysis, in general, indicates a 
dioxide content nearer to 34-9%, than that of ordinary red lead itself. 
Orange lead differs from red lead in bulkiness, size of grain, and in its 
behaviour towards linseed oil, and considerable speculation has been 
put forward as to the reason for these differences, which are all the 
more interesting in view of the closely allied chemical composition. 

A photograph of orange lead is reproduced in No. 6, and it is 
apparent that its structure closely resembles, and probably is 
identical with, that of ordinary pure red lead : its lines are a little 
more diffuse, indicating somewhat finer crystalline particles. Thus 
apparently this is not a case of isomerism but merely a question of 
variation of state of aggregation or of the size of the ultimate 
crystalline particles. 

Three commercial samples of red lead were then examined: 
(A), Pb,O,, 73-6; free PbO, 26-4%. (B), Pb,O,, 88-4; free PbO, 
116%. (C), Pb,O,, 87-7; free PbO, 12-3%. In all these cases the 
X-ray photograph indicated the presence of yellow lead monoxide, 
and, by mixing pure Pb,O, with yellow oxide in the above propor- 
tions, identical photographs could be reproduced. Thus, the free 
monoxide in commercial red lead is in its yellow form. Also the 
lattice constants for Pb,O, appear to have the same value in these 
different commercial samples, just as in monoxide samples. 

Lead Sesquioxide.—The preparation of this oxide has been re- 
ported by several workers, and although very discordant results 
have been obtained in the determination of its composition by 
chemical analysis, nevertheless these results have tended to indicate 
the existence of a compound of the composition Pb,O,,3H,0. 
Debray (Compt. rend., 1878, 86, 513) is said to have obtained it by 
heating lead dioxide to 360°; this.is, however, rather doubtful in 
view of experiments carried out during the course of this work. 
Frémy (Ann. Chim. Phys., 1844, 12, 488) prepared the sesquioxide 
by mixing alkaline solutions of potassium plumbate and plumbite, 
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and reported that the precipitate, after being washed and dried over 
sulphuric acid, had the composition of lead trinydroxide, Pb,O03,3H,O 
or Pb(OH),. Glasstone (J., 1922, 121, 1456) discusses the various 
methods of preparing lead sesquioxide and gives full details of one 
method which he considers to be the most satisfactory. 

Material 1. The first sample investigated was prepared by adding 
excess of potassium hydroxide to a solution of lead nitrate, re- 
dissolving the hydroxide. The sesquioxide was then precipitated by 
sodium hypochlorite, and dried in a desiccator over sulphuric acid 
(Found: PbO,, 57-1. Cale. for Pb,O,,3H,O: PbO,, 57-7%). No 
lines were visible on the X-ray photograph, indicating that the 
sample was truly amorphous in accordance with general views. 

Material 2. A sample of sesquioxide was then prepared by 
Glasstone’s method (loc. cit.). The material was light brown and 
was very deficient in dioxide (Found: PbO,, 17%). The X-ray 
examination again indicated an amorphous substance (No. 7). A 
portion of this material was heated in air at 140° for 2 hours and again 
examined by X-rays. Two feeble diffuse lines were now visible. 
When the material was heated at 300° for the same length of time, 
four lines became visible, but still diffuse, difficult to measure, and 
not capable of identification. The material was then heated to 
400° and gave a good photograph (No. 8) of yellow monoxide, 
apparently free from any other oxide. It would appear that de- 
hydration of the sesquioxide is accompanied by decomposition into 
yellow monoxide. 

Carnelley and Walker (J., 1888, 53, 59) suggested that at 360— 
415° it forms red lead, but no trace of red lead could be detected 
during the course of this examination. 

Winkelblech (loc. cit.) reported the formation of lead monoxide, 
in agreement with the results obtained here. Our investigation 
indicates that samples of lead sesquioxide prepared according to 
two radically different methods are truly amorphous, but are con- 
verted into yellow lead monoxide at about 400°. 

Lead Dioxide.—The properties of the various samples of lead 
dioxide appear to be appreciably more constant than those of the 
other oxides. It can be prepared by a variety of chemical processes, 
and exhibits little tendency to variable composition. Although 
there is no doubt as to the existence of PbO, as a definite compound, 
there is some controversy as to whether some of these samples 
represent polymorphic modifications of dioxide, hydrated dioxides, 
or contamination with slight traces of a higher oxide, such as 
Pb,O,. 

The dioxide was photographed here in order to identify this 
material in the reactions taking place within the lead accumulator. 
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This sample was prepared by the action of nitric acid on red lead, 
analysis indicating PbO,, 99-8% (see No. 9). 

The crystal structure of the dioxide has been studied by Huggins 
(Physical Rev., 1923, 21, 719), Davey, van Arkel, Ferrari, and 
Goldschmidt (locc. cit.). The results correspond with a tetragonal 
space lattice of the rutile type, the lattice constants obtained by the 
different investigators being given in Table I. 

If a loop of fine copper wire is dipped into molten lead and slowly 
withdrawn, a thin film of metallic lead will appear across the loop 
containing many fine perforations over its surface. The author has 
recently shown, by electron diffraction, that these apparent holes 
are really covered over with a very thin skin of transparent lead 
dioxide (probably 10° cm. thick). Thus lead dioxide can be pre- 
pared directly by heating metallic lead in air. 

In the structure proposed by Ferrari and others, the atoms are 
arranged as follows : 


Pb at 0, 0, 0; 4, 4, 4; 
O at z, — 2,0; —4,27,0; }—2,4—2,4; $+2,4+4+2,}. 


Ferrari gives x = 0-35, and this accords quite well with the intensity 
measurements from this photograph. 

Heating experiments. (1) Pure dioxide was heated at 150° in a 
continuously evacuated chamber for 2 hours. This caused no 
observable change in structure, at least in so far as no change 
appeared in the X-ray photograph. It must be remembered, how- 
ever, that the presence of another oxide would perhaps not be 
observable if it were present in a proportion of less than 5%; also 
that, even if no new constituent had been formed, the dioxide 
might possibly have lost a considerable number of its oxygen atoms 
without affecting the X-ray diffraction spectra. In order to settle 
this point, an extensive quantitative research on lead dioxide alone 
would be necessary. 

(2) Pure dioxide was heated at 300° for 2 hours in a vacuum as 
above. The photograph (No. 10) indicates, on measurement, that 
decomposition had occurred into a mixture of red and yellow 
lead monoxide. 

(3) Dioxide containing 15% of red monoxide, when heated in the 
same manner as (2), yielded a considerable amount of red lead; 
thus apparently the presence of monoxide is necessary for the 
formation of red lead. This is of considerable interest because the 
active material from the positive plate of a lead accumulator (con- 
sisting largely of dioxide) behaves similarly when heated to 300°. 
This suggests the existence of lead monoxide as free PbO in the 
positive active material, and this can be definitely established by 
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examination of the positive material directly by X-ray methods, 
the lines of red monoxide being detected in the photograph itself. 


Summary. 


1. Characteristic samples of the pure oxides of lead have been 
examined by the Debye—Scherrer X-ray powder method of analysis. 
The lattice constants and parameters are evaluated and a table is 
given, with references to all former work on the structure of these 
substances. 

.2, Attempts to prepare lead suboxide are described, but no 
definite compound was obtained. 

3. Lead sesquioxide was prepared by two different methods, but 
was found to be amorphous in both cases. 

4. Orange lead, apparently a modification of red lead, was found 
to have a structure identical with that of ordinary red lead. 

5. A number of commercial samples of the oxides have been 
examined. Commercial monoxides are generally mixtures of the 
red and the yellow variety. Commercial red lead is usually con- 
taminated with yellow lead monoxide, rarely with red monoxide. 

6. The changes which take place when lead sesquioxide and lead 
dioxide are heated have been determined by X-ray photographs. 
The sesquioxide is converted into yellow monoxide when heated in 
air to 400°. The dioxide decomposes into a mixture of red monoxide 
and yellow monoxide when heated to 300° in a vacuum. Lead 
dioxide containing 15° of the red variety of the monoxide, when 
heated in the same manner, yielded a considerable amount of red 
lead. 


In conclusion I must thank Professor W. L. Bragg in whose 
laboratory this work has been carried out, also Dr. A. J. Bradley 
for his valuable advice and general supervision, and Miss R. Boullen 
for her assistance in a number of the experiments. 


THe UNIVERSITY, MANCHESTER. [Received, November 27th, 1931.] 





29. Freezing Points of the System Hydrogen 
Chloride-Sulphur Monochloride. 


By Henry Trerrey and HERBERT SPone. 


Tue chlorides of many elements, including sulphur, give complex 
compounds with metallic chlorides. Most of the known sulphur 
chloride complexes are derived from the dichloride and tetra- 
chloride, but Ruff and Golla (Z. anorg. Chem., 1924, 138, 17) have 
described a compound, AICI,,2S,Cl,, derived from the monochloride. 
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Since in the case of many elements these compounds possess the 
character of complex salts, and in several cases the corresponding 
acids are also known, it appeared to be of interest to investigate 
the possibility of compound formation between hydrogen chloride 
and sulphur monochloride. 


EXPERIMENTAL. 


Materials.—Sulphur monochloride, supplied by Hopkin and 
Williams, was redistilled three times from 1% of freshly ignited 
charcoal in an all-glass apparatus under a pressure of 20—25 mm. 
Lowry, McHatton, and Jones (J., 1927, 746) recommend the addi- 
tion of 1% of sulphur, but this was found to result in deposition of 
sulphur in the condenser, the deposit being washed down into the 
receiver by later portions of the distillate. This procedure was 
therefore abandoned, but it may be remarked that the sample of 
sulphur chloride appeared already to contain excess of sulphur. 
The sulphur chloride was again redistilled during the course of the 
work either when its colour indicated that it was becoming rich in 
sulphur or when it was found that sulphur was deposited in the 
tubes in the course of a freezing-point determination. 

The redistilled substance was analysed by taking two samples 
of about 1—1-5 g. by means of Lunge—Rey pipettes, the caps of 
which were enlarged to form small flasks in which 10 c.c. of a 35% 
solution of pure sodium hydroxide (prepared from sodium) were 
placed. This allowed the hydrolysis of the sulphur chloride to be 
carried out before the weighing. Chlorine was determined in one 
sample by the Volhard method, and sulphur as barium sulphate in 
the other (Found: S, 48-04; Cl, 51-94; total, 99-98. Calc.: 
S, 47-49; Cl, 52-51%). It appears to be impossible to remove the 
whole of the excess sulphur by redistillation. 

The freezing point of the sulphur chloride so purified was found 
to be — 76-5°. That of pure sulphur chloride is stated by Beck- 
mann, Junker, and Klopfer (Z. physikal. Chem., 1909, 65, 289) to 
be — 75° to — 76°. Aten (ibid., 1906, 54, 55) gives — 80°, and 
Lowry, McHatton, and Jones (loc. cit.) find — 79°. 

Hydrogen chloride was generated in the Kipp’s apparatus (A, 
Fig. 1) by the action of sulphuric acid on fused ammonium chloride, 
and dried by passing through three spiral wash-bottles (C) con- 
taining concentrated sulphuric acid, and then over a layer of phos- 
phoric oxide in the U-tubes (D), which were clamped in a horizontal 
position. 

The freezing point of the hydrogen chloride thus dried was — 110°; 
Rupert (J. Amer. Chem. Soc., 1909, 31, 851) gives — 111°, and 
states that the presence of 0:5°% of moisture is sufficient to 
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cause separation into two layers, both of which are solid below 
— 155°. 

Preparation of Mixtures.—The method of preparing mixtures and 
of determining their freezing points was based on that used by 
Rupert (loc. cit.). Tubes of Durosil, of 2 mm. bore, 2 mm. walls, 
and 20 cm. length, were sealed at one end and constricted about 
5 cm. from the other. These were dried by heating for 30 hours 
at 170—180°, air dried by sulphuric acid and phosphoric oxide 
being blown into them throughout. 

The tube to be filled was weighed, a small quantity of sulphur 
chloride introduced through a capillary funnel, and the whole 
rapidly weighed again. The tube was then immediately connected 
to the hydrogen chloride apparatus and jmmersed in liquid air. 


Fie. 1. 




















After introduction of hydrogen chloride and sealing, the tube was 
weighed a third time together with the piece sealed off, and the 
composition calculated from the weighings. 

The hydrogen chloride, dried as already described, was intro- 
duced by means of the apparatus shown in Fig. 1.. The three-way 
tap F allowed the gas reservoir E to be connected to the generator 
for filling or to the tube H into which it was desired to pass the gas, 
and also allowed connection to be made straight through when it 
was necessary to remove air from the whole apparatus. G was a 
four-way tap by means of which the tube H could be connected 
to the gas supply or to the pump, or through which dry air could 
be admitted to the apparatus, the side tube K being connected to 
a Drechsel bottle containing sulphuric acid for this purpose. The 
tap J and the side tube containing it were provided in order that 
the whole apparatus could be evacuated back to the tap B. L 
was a trap-flask containing sulphuric acid to prevent the entry of 
vapour from the water pump, which was connected to the tube M. 
All rubber joints were made of thick-walled tubing specially made 
from pure sheet rubber, bound with tape and wired. The ends of 
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the glass tubes were in each case brought as nearly as possible 
butt to butt. 

Before each day’s work, the whole apparatus was evacuated and 
allowed to fill slowly with hydrogen chloride. This was repeated 
twice in order, as far as possible, to remove all the air before the 
weighed tube was connected to the apparatus. When the tube 
was in position, the level of the Dewar vessel was adjusted so that 
the sulphur chloride was just below the surface of the liquid air. 
After allowing time for the sulphur chloride to freeze, the tap G 
was turned so as to connect the tube to the pump, whereby the air 
was rapidly removed from it. The tube was then connected to 
the gas reservoir HZ, and by raising the mercury reservoir and very 
gradually raising the liquid air bath, hydrogen chloride could then 
be easily condensed in the tube to the solid form, the gas reservoir 
providing a means of estimating roughly the amount introduced. 
The presence of air in any quantity interfered with this process and 
might even interrupt it completely. When this occurred, the tube 
H was momentarily connected to the pump and then reconnected 
to the gas reservoir, after which condensation would again proceed 
smoothly. 

When sufficient hydrogen chloride had been introduced, the tube 
was connected to the pump and sealed at the constriction. It was 
then removed from the apparatus and allowed to attain room 
temperature before the final weighing. 

Determination of Freezing Points.—Two series of observations 
were made, the procedure being improved before the second set 
was commenced. In both series the prepared tubes were immersed 
in a bath of alcohol (95%) contained in a clear glass Dewar vessel 
and stirred electrically, the temperature being observed by means 
of a pentane thermometer. The bath was cooled by spraying liquid 
air directly into the alcohol, and this was continued as rapidly 
as possible until the neighbourhood of the expected freezing point 
was reached, and then more slowly until crystals appeared. 

With the tubes of experiments in series A, the temperature was 
then regulated so that, with only a small quantity of solid in the 
tube, the crystals could be kept for five minutes without either 
increasing in size or becoming rounded at the edges and decreasing. 
In some cases a tendency to supercooling was noticed; in these, 
crystallisation could be started by removing the tube from the bath, 
shaking it vigorously, and dipping the end in liquid air. The tube 
was then held above the vessel until the solid produced had almost 
completely melted, whereupon it was returned to the bath at a 
temperature near the freezing point expected, and the adjustment 
of the temperature carried out as already described. 
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The tubes in series D were provided with an internal stirring 
device, consisting of a small piece of iron wire sealed in capillary 
tubing, which was introduced into the tubes before drying. This 
device was kept in motion during a determination by means of a 
small solenoid which surrounded the tube and was moved up and 
down by means of acrank. This was generally sufficient to prevent 
supercooling, and it was found that, provided the cooling of the 
bath was slow, the crystals appeared sharply at a reproducible 
temperature, which was taken as the freezing point. It will be 
seen that results obtained by the two methods are in fair agreement. 

Over a considerable range of compositions, the mixtures separate 
at low temperatures into two layers, and on further cooling the 
amount of separation increases. Throughout this range the 
crystallisation of the upper layer commences at a constant temper- 
ature, and at the same time the walls of that part of the tube 
containing the lower layer are covered by an opaque deposit, but 
it is not possible to determine by inspection whether this consists 
of minute crystals or droplets of liquid. These freezing points are 
believed to be accurate within one degree, it being possible to keep 
the temperature constant and to obtain reproducible results well 
within that limit. 

An attempt has also been made to determine the highest tem- 
peratures at which separation into two layers takes place. This, 
however, is a matter of some difficulty and considerable inaccuracies 
may arise. In series A, the method employed was to allow the 
bath to warm gradually and note the highest temperature at which 
a turbidity appeared after removing the tube from the bath and 
shaking it. In series D, the appearance of turbidity was noted as 
the bath was being cooled. As this phenomenon is not so sharp as 
crystallisation, and as, especially in the method used with series A, 
considerable differences in temperatfre may exist between the 
contents of the tube and the bath, too great reliance cannot be 
placed on these results. In fact, the same reproducibility was not 
found here as in the freezing points, and the temperatures given in 
the table are usually means of two or three observations. 

Attempts were made to obtain the eutectic temperatures by 
finding the temperatures at which the contents of a few of the 
tubes became completely solid. It is very difficult to work the 
bath at temperatures below — 110°, as the alcohol becomes extremely 
viscous, preventing both efficient stirring and clear vision of the 
tube. No concordant values were therefore obtained. For the 
eutectic on the sulphur chloride side, values varying between 
— 110° and — 130° have been observed, but the most probable, 
on account of the relative ease with which it was obtained, is — 119° 
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obtained from tube Dll. It is not claimed, however, that this is 
more than an approximation, but it is suggested that the results 
from this tube establish definitely the existence of a eutectic in 
this neighbourhood. The eutectic on the hydrogen chloride side 
was sought only in one of the tubes which froze without separation 
of layers, A28, and this gave the value — 112°. It is noteworthy 
that the upper layer of tube D8 became completely solid at the 
same temperature. 
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Hydrogen chloride, mols.%. 
ABC, EFG.—Freezing points of homogeneous mixtures. 
CDE.—Temperature of separation into two layers. 
CHE.—Freezing points of upper layers. 
CJE.—Hypothetical curve showing results expected if no separation into 
layers occurred. 


The results are set out in Tables I and II and represented 
graphically in Fig. 2. 





TABLE I. 
Freezing points of mixtures which do not separate into two layers. 
Composition, mols. %. Composition, mols. %. 
————EEE jaime 
Tube. §,Cl, HCl. F.p. Tube. §,Cl,. HCI. F. p 
A2 100-0 0-0 — 76-5° Dil 74°6 25-4 — 110-5" 
A4 96-4 3°6 — 77-0 A26 3-9 96-1 — 92-0 
93-7 6-3 — 77-5 A28 2-2 97:8 —110°5 
A8 88-2 11-8 — 79-0 Al 0-0 100-0 — 110-0 


A3 80-6 19-4 ~81-0 


























SYSTEM HYDROGEN CHLORIDE-SULPHUR MONOCHLORIDE. 225 


TaB_eE II. 
Observations on tubes in which separation into two liquid phases 
takes place. 
Composition, F. p. Composition, F,p. 
mols. %. Temp. of mols. %. Temp. of 


pares Sewer of upper —_— — of upper 
Tube. §,Cl,. HCl. septn. layer. Tube. §8,Cl,. HCl. septn. layer. 


D15 62-4 37:6 —89-0° (a) D8 326 67-4 —64:0° —92-5° 
D4 61:7 383 —89-0 —95-0° D112 300 700 -—645 —93-0 
AT 570 43:0 —83°0 (a) Al6 283 71'7 —56:0 —91°0 
D7 52:2 47:8 —73-0 —92-0 All 224 776 —580 —92-0 
D5 652-0 48:0 —72-0 (a) Al7 141 83:9 —56-0 —90-0 
Al8s 41:7 583 —57-:0 —92-0 Al3 7:9 92-1 —76-0 —92°5 
D13 39:6 60-4 —640 —92-0 A27 76 92-4 —765 —93-0 
D1O 38:6 61:4 —640 —93-0 A30 63 93:7 —80-5 —93-5 
Al2 37-7 62:3 —57:0 —92°5 
(a) Freezing points not determined owing to the small volume of the upper 

layer. 


Discussion. 


It is suggested as a probable explanation of these results that 
sulphur monochloride and hydrogen chloride form a compound 
which is miscible with its components to a limited extent only at 
low temperatures, and has therefore an incongruent melting point. 

It will be seen from the diagram that addition of hydrogen 
chloride to sulphur chloride depresses the freezing point until the 
point B is reached. Beyond that point, the temperature of freezing 
rises until, at C, separation into two liquid phases commences. 
Beyond the point H, the freezing point again falls to a second 
eutectic at F and then rises to the freezing point of pure hydrogen 
chloride, G. 

The occurrence of the two eutectics seems to be convincing 
evidence that the solid which separates from the upper layer is a 
compound of sulphur chloride and hydrogen chloride. Additional 
indications are to be found in the following facts : (1) The substance 
crystallised in long transparent pale yellow needles. These differ 
entirely in appearance from the crystals of sulphur monochloride 
and of hydrogen chloride. (2) Some of the tubes which were pre- 
pared burst during the warming to room temperature, and when 
this occurred a slightly sweetish odour was noticed, differing com- 
pletely from that of hydrogen chloride or sulphur monochloride. 

On these grounds, the dotted curve in Fig. 2 has been constructed 
as an indication of what might be expected if no separation of liquid 
phases took place. It is not possible from the experimental evidence 
to draw any conclusion as to the composition of the compound, 
but the maximum of this hypothetical curve has been placed at 
80 mols. % of hydrogen chloride on account of the following valency 
considerations. 

I 
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The formation of the compound would seem to depend on the 
power possessed by the sulphur atom to expand its valency octet to 
a twelve-membered ring. This can only take place by the sharing 
of lone pairs from the chlorine atoms of hydrogen chloride, 1.e., 
by co-ordination. In that case, each sulphur atom can receive 
only four more electrons, and can therefore co-ordinate only two 
molecules of hydrogen chloride, giving as the saturated compound 
§,Cl,,4HCl, which may be 


H H H H 
Cl Cl Cl Cl 
¥.¥ + 1-0 
C1:S . S-Cl or S<-S , 
A A* Cl 
di Cl Cl Cl 
H H H H 


The possibility of the compound being less rich in hydrogen chloride 
cannot be excluded, but there seems to be a slight balance of 
probability in favour of the view that, in presence of sufficient 
hydrogen chloride, expansion of the octet would proceed to the 
limit. 

Sulphur monochloride and hydrogen chloride are both generally 
regarded as covalent compounds. The separation of two liquid 
phases may therefore imply that a polar compound is produced. 
This polarity may arise simply from the co-ordination or may 
correspond to a definite ionisation [S,Cl,]>~-~H,****. 


Summary. 


1. The freezing points of mixtures of sulphur monochloride and 
hydrogen chloride have been determined. 

2. Mixtures containing between 35 and 95 mols. % of hydrogen 
chloride separate on cooling into two layers, of which the upper 
freezes at the same temperature (— 92-5°) whatever the total com- 
position of the mixture. 

3. It is suggested that the upper layer contains a compound of 
sulphur chloride and hydrogen chloride which is practically immis- 
cible with its components at low temperatures. 

4. This compound may be H,S,Cl,, and is possibly polar. 

THe Str WiLitiam RamsAy LABORATORIES OF INORGANIC AND 


PuysicaL CHEMISTRY, UNIVERSITY COLLEGE, 
LONDON. [Received, December 3rd, 1931.] 
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30. The Formation of Thionaphthindoles. Part III, 
The Synthesis of Thionaphthindoles from 3-Oxy- 
1-thionaphthens. 


By Ernest Witson McCLELLAND and Joun Lronarp D’SItva. 


Ir has been pointed out (Part I; J., 1929, 1589) that oxidation 
of the sulphur to the sulphone condition in a cyclic system of the 
type (I) appears to restrain the tendency to enolisation (compare 
Cohen and Smiles, J., 1930, 408; Levi and Smiles, J., 1931, 523). 
Aldehydes and ketones readily convertible into enols yield hydraz- 
ones which readily undergo the indole transformation (Robinson 
and Robinson, J., 1918, 113, 639). Hence the hydrazone of 3- 
oxy-1l-thionaphthen (1; a = CH), in contrast to the hydrazone 
(Il) derived from the corresponding dioxide, might be expected 
to undergo the indole transformation readily. When 3-oxy-1l- 
thionaphthen is treated with phenylhydrazine in presence of acetic 
acid, thionaphthindole (III; R, R’, R’’ = H) is obtained, whilst 
the dioxide gives a hydrazone (II) under similar conditions. The 
hydrazone of the dioxide is recovered unchanged even after pro- 
longed boiling in acetic acid. 


J HK De “So 
(.) C,H eH == C a C,H SH (II.) 
*“*\cO *\&o © *\EN-NHPh 


8 
(III.) fa an ae > R” C,H, (IV.) 
Rie s |b 5 31 . 
oho s CO-CH, 
NR’ 


The formation of thionaphthindoles from 3-oxy-1-thionaphthens 
appears to be of a fairly general nature. Thus as.-methylphenyl- 
hydrazine, p-bromophenylhydrazine, and p-tolylhydrazine con- 
dense with 3-oxy-l-thionaphthen to give 6-methylthionaphthindole 
(Il; R’ = CH,; R, R” = H), 2-bromothionaphthindole (III; R, 
R’ = H; R” = Br), and 2-methylthionaphthindole (IIL; R, R’ = H; 
R” = CH,), respectively, and 5-methyl-3-oxy-1-thionaphthen 
reacts with phenylhydrazine, giving 10-methylthionaphthindole (III; 
R=CH,; R’, R’’ =H). Methods are thus available for the 
synthesis of thionaphthindoles substituted in either benzene nucleus. 
When 3-acetoxy-l-thionaphthen was substituted for 3-oxy-1- 
thionaphthen in several of these condensations the resulting pro- 
ducts were identical, the acetyl group having been eliminated by 
the phenylhydrazine as previously pointed out (Part II; J., 1931, 
2972). 
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These results suggest that the first stage in the formation of 
thionaphthindole from 2-thiolacetophenone (IV; R = H) (Part I, 
loc. cit.) is oxidation of the latter to 3-oxy-1-thionaphthen, the 
hydrazone of which then undergoes the transformation. When 
oxidation of 2-thiolacetophenone to a cyclic system is prevented 
by substitution, the normal hydrazone is obtained. Thus 2-methyl- 
thiolacetophenone (IV, R = CH,) condenses with phenylhydrazine 
in acetic acid to give a normal hydrazone, which even prolonged 
heating in acetic acid fails to convert into an indole. 

The 2-methylthiolacetophenone required for this investigation 
was synthesised as follows. 2-Methylthiolbenzoyl chloride was 
condensed with sodioacetoacetic ester, and the product heated with 
alcoholic sulphuric acid. The ketone obtained in this way con- 
tained an impurity which could not be eliminated by distillation. 
When the impure material was heated with alkali, 2-methylthiol- 
benzoic acid was formed in small quantity and the ketone was then 
easily purified. 

According to Robinson’s theory of the Fischer indole synthesis 
(Robinson and Robinson, loc. cit.; J., 1924, 125, 827) the conditions 
in 3-oxy-l-thionaphthen are particularly favourable to the indole 
transformation, for its enolic character favours the conversion of 
its hydrazone into the corresponding hydrazine and the aromatic 
nature of the thiophen nucleus and the tendency of 3-oxy-1-thio- 
naphthens to form bis-compounds (compare Part IT; J., 1931, 2973; 
Auwers and Thies, Ber., 1920, 53, 2290) favour the o-benzidine re- 
arrangement to the compound (V; R, R’ = NH,). The tendency 
of an amino-group in the 3-position in a thionaphthen to be elimin- 
ated as ammonia (Friedlaender, Annalen, 1907, 351, 420; Fries 
and Hemmecke, ibid., 1929, 470, 7) favours ring closure in this 
compound. An analogous ring closure with the production of 
thionaphthindole takes place when the nitrophenyloxythionaphthen 
(V; R = OH, R’ = NO,) is reduced (Part I, loc. cit.). 


SMe 
CH, (VL) 
——C-NH:NH 


When the sulphur of the thionaphthen nucleus is in the sulphone 
condition as in 3-oxy-1-thionaphthen-\-dioxide phenylhydrazone (II), 
the enolic tendencies are depressed and consequently the formation 
of the corresponding hydrazine is not favoured. Further, the 
absence of free valency electrons in the sulphone condition decreases 
the aromatic character of the thiophen nucleus, since sextet form- 
ation is inhibited (compare Ann. Reports, 1928, 120) and the tendency 
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to the formation of bis-compounds is less marked than in the un- 
oxidised analogues. These two factors will tend to prevent the 
o-benzidine change. The failure of 2-methylthiolacetophenone 
to give an indole under similar conditions to 3-oxy-1-thionaphthen 
may be attributed to the lesser tendency of the open-chain com- 
pound to enolise or to the fact that the hydrazine (VI), if formed, 
has not two aromatic nuclei favouring the o-benzidine change. 


EXPERIMENTAL. 


The thionaphthindoles described were prepared by the following 
general method. The 3-oxy-1-thionaphthen (1 mol.) and the 
phenylhydrazine (1 mol.) in sufficient acetic acid to keep the re- 
actants in solution were heated at 100° for 4—1 hour. The 
thionaphthindole crystallised on cooling, and was purified from 
alcohol (unless otherwise stated). The indoles from 3-oxy-l- 
thionaphthen were invariably slightly pink owing to the presence 
of traces of thioindigotin, but were colourless when pure. All the 
thionaphthindoles described gave a blue coloration with isatin in 
concentrated sulphuric acid. 

Thionaphthindole (III; R, R’, R’ =H), from 3-oxy(or 3- 
acetoxy)-1-thionaphthen and phenylhydrazine, had m. p. 251— 
252°, alone or mixed with an authentic specimen. 

6-Methylthionaphthindole (i111; R, R’ =H; R’ = CH,), from 
3-oxy(or 3-acetoxy)-1-thionaphthen and as.-methylphenylhydrazine, 
formed colourless plates, m. p. 172—174° (Found: C, 75-6; H, 
48. C,,H,,NS requires C, 75-9; H, 4-7%). 

2-Methylthionaphthindole (II1; R, R’ =H; R’’ =CH,), from 
3-oxy-l-thionaphthen and p-tolylhydrazine, formed plates, m. p. 
257—258° (Found: C, 75-6; H, 5-0; 8, 13-4. C,;H,,NS requires 
C, 75-9; H, 4-7; 8, 13-5%). 

10-Methylthionaphthindole (III; R’, R’ =H; R=CH,), from 
5-methyl-3-oxy-1-thionaphthen (Ber., 1909, 42, 541) and phenyl- 
hydrazine, crystallised from methyl alcohol in colourless plates, 
m. p. 211° (Found: C, 75:7; H, 5-0. C,;H,,NS requires C, 75-9; 
H, 4-7%). 

2-Bromothionaphthindole (III; R, R’=H; R”=Br), from 
3-oxy(or 3-acetoxy)-1-thionaphthen and p-bromophenylhydrazine, 
formed plates, m. p. 262—264° (Found : C, 55:2; H, 2-6; Br, 26-8. 
C,,H,NBrS requires C, 55-6; H, 2-7; Br, 26-5%). 

3-Ozxy-1-thionaphthen 1-Dioxide Phenylhydrazone (I1).—A solution 
of 3-oxy-l-thionaphthen 1-dioxide (1 mol.) (J., 1931, 2972) in 
acetic acid and phenylhydrazine (1 mol.) was heated on the water- 
bath for 4 hour. The hydrazone, which separated on cooling, 
crystallised from alcohol in pale yellow needles, m. p. 245—246° 
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(decomp.) (Found: C, 62:0; H, 4-7; N, 10-3. C,,H,,0,N,S 
requires C, 61-7; H, 4-4; N, 103%). 

2-Methylthiolacetophenone (IV; R = CH,).—A solution of ethyl 
acetoacetate (10 g.) in dry ether (50 g.) was treated with sodium 
(1:77 g.) (finely divided by heating under xylene). When the 
initial reaction had subsided, the mixture was refluxed until all 
the sodium had reacted. To the suspension of sodioacetoacetic 
ester, finely powdered 2-methylthiolbenzoyl chloride (McClelland 
and Warren, J., 1929, 2625) (14-4 g.) in dry ether (28 g.) was added. 
The mixture was refluxed for 24 hours, the liquid filtered, and the 
ether evaporated under reduced pressure. The residual oil was 
refluxed with alcoholic sulphuric acid (sulphuric acid, 5 g.; alcohol, 
50 g.) on the water-bath for 7 hours. The product was diluted 
with an equal volume of water, and the alcohol removed under 
reduced pressure. The aqueous solution, after neutralisation with 
sodium hydroxide, was heated with 2N-sodium hydroxide (100 c.c.) 
on the water-bath for 2 hours and distilled in steam. The distillate 
was extracted with ether, the ethereal solution washed successively 
with 2N-sodium hydroxide and water, dried over anhydrous sodium 
sulphate, and evaporated. The 2-methylthiolacetophenone thus 
obtained crystallised from ligroin in colourless needles, m. p. 45— 
46° (Found : C, 64-7; H, 6-2; 8, 19-4; M, 184. C,H,,OS requires 
C, 65-0; H, 6-1; S, 19-39%; M, 166). 

2-Methylthiolacetophenonephenylhydrazone.—A_ solution of 2- 
methylthiolacetophenone (2-32 g.) in glacial acetic acid (8 c.c.) 
and phenylhydrazine (1-26 g.) was heated on the water-bath for 
1 hour. The product, which separated on cooling, crystallised 
from glacial acetic acid (charcoal) in pale yellow needles, m. p. 
117—118° (Found: C, 69-8; H, 6-5; N, 10-8; M, 251. C,,H,,N.8 
requires C, 70-3; H, 6-3; N, 109%; M, 256). 


The authors are indebted to the Department of Scientific and 
Industrial Research for a grant to one of them (J. L. D’S.). 


Krina’s CoLteGe, LONDON. [Received, November 12th, 1931.] 





31. The Kinetics of Two Bimolecular Reactions in 
Solution and in the Vapour Phase. 
By E. A. Mortwyn-Hueues and C. N. HInsHELWwoop. 


THE rate of bimolecular reactions in the gaseous state can usually be 
calculated, at least as regards the order of magnitude, by multiplying 
the number of collisions between the appropriate kind of molecules 
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by the factor e*/*’, where E is the energy of activation found from 
the Arrhenius equation. This is roughly equivalent to saying that 
in such reactions activating collisions are not only a necessary but 
also a sufficient condition for reaction (Hinshelwood, “‘ The Kinetics 
of Chemical Change,” 2nd edtn., Oxford, 1929). An analogous 
method of calculation can be applied to some reactions in solution 
(Moelwyn-Hughes, Chem. Reviews, in the press), but in other examples 
(Christiansen, Z. physikal. Chem., 1924, 113, 35; Norrish and Smith, 
J., 1928, 129) the actual rates are many powers of ten smaller than 
the calculated values. This has usually been attributed to a very 
pronounced deactivating influence of the solvent, which has been 
supposed to deprive the activated molecules of their energy in a 
ternary collision. 

The reactions upon the study of which these conclusions were 
based had been studied only in solution : but it seemed not unreason- 
able to assume that the corresponding gas reactions would be found 
to proceed at about the rate indicated by the theoretical formula, if 
they could be measured. It was desirable, however, that this should 
be tested experimentally. Now it has recently been found that two 
reactions, viz., the decomposition of chlorine monoxide (Moelwyn- 
Hughes and Hinshelwood, Proc. Roy. Soc., 1931, 131, A, 177; 
Hinshelwood and Hughes, J., 1924, 125, 1841) and the catalytic 
decomposition of ozone by chlorine (Bowen, Moelwyn-Hughes, and 
Hinshelwood, Proc. Roy. Soc., 1931, 134, A, 211; Bodenstein, 
Padelt, and Schumacher, Z. physikal. Chem., 1929, B, 5, 209), which, 
although not satisfying a simple bimolecular law, depend essentially 
on bimolecular processes, take place at very nearly the same rate in 
carbon tetrachloride solution as in the gaseous state. This suggested 
that the rate of a reaction in solution in carbon tetrachloride could 
be regarded as a standard rate, equivalent to the rate in the gaseous 
state, even when the latter was not accessible to direct measurement. 

Accordingly, experiments were made to ascertain whether two 
representative bimolecular reactions, namely, the combination of 
triethylamine and ethyl iodide, and the interaction of ethyl alcohol 
and acetic anhydride, would proceed more closely in agreement with 
the theoretical formula when carbon tetrachloride was used as 
solvent, or whether the apparent deactivation effect would persist. 
Even in carbon tetrachloride, however, and also in hexane (which 
proved to be an even better “ normal ” solvent) each reaction was 
many powers of ten slower than the formula predicted. This 
suggested that the ‘‘ deactivating ”’ influence of the solvent was not 
real, but that the nature of the reactions themselves rather than the 
intervention of the medium determined their abnormal slowness. 
Experiments made to determine the rate of the two reactions in the 
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gaseous state confirmed this supposition. A considerable proportion, 
possibly all, of the measured change occurred on the glass walls of 
the containing vessel, but even the sum of this catalytic reaction 
and any gas reaction which might be taking place did not exceed the 
reaction in solution by a factor of ten. Thus the gas reaction itself 
must be slower by many powers of ten than the hypothetical change 
to which the simple formula would apply. 

The cause of this is discussed later (p. 239). As far as the question 
of solvent influence is concerned, however, the explanation is not 
relevant, since the anomaly is not due, as previously appeared 
possible, to a deactivating action of the solvent molecules. 

The reaction between triethylamine and ethyl] iodide is very much 
subject to solvent influence, but carbon tetrachloride is among the 
group of solvents, which includes hexane, in which the rate is least. 
This indicates that the action of other solvents is positively catalytic, 
the most active solvents in this respect being the alcohols. The rate 
of interaction of ethyl alcohol and acetic anhydride appears to vary 
much less from solvent to solvent. In gas reactions which are not 
chain reactions the influence of foreign gases is usually small or else 
positively catalytic. To this extent there is a rough parallel with 
solvent influence. 


The Kinetics of the Combination of Triethylamine and Ethyl Iodide in 
Various Solvents : (C,H;),N + C,H,I —~> (C,H;),NI. 

Menschutkin (Z. physikal. Chem., 1890, 6, 41) examined the effect 
of some twenty solvents on the rate of this reaction at 100°, but 
neither he nor subsequent workers measured the velocity constant 
for the reaction in carbon tetrachloride solution, or the energy of 
activation in ‘‘inert”’ solvents.* The experiments described here 
were performed primarily for the purpose of determining the position 
of carbon tetrachloride in the catalytic order of solvents, First, 
however, the constant for benzene solution was measured in order 
that it might be compared with Menschutkin’s value. 

The benzene employed melted at 5-47°, and distilled within 0-1°; 
the triethylamine used was refluxed over potassium hydroxide, and 
distilled within 0-3°; ethyl iodide was equally pure, and was stored 
overalittlemercury. 5 C.c. of equivalent solutions of the amine and 
the iodide were mixed and kept in the thermostat in sealed tubes for 
a measured time, chilled in ice, and poured into 50 c.c. of distilled 
water, the product being analysed in two ways: (1) by titrating the 
unchanged amine against 0-1N-nitric acid, (2) by estimating the 
quantity of tetraethylammonium iodide produced, 0-1N-silver 

* The paper by Grimm, Ruf, and Wolff (ibid., 1931, B, 18, 301) appeared 
after the present investigation had been completed. 
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nitrate being used in Volhard’s method. The two procedures gave 
concordant results. 

In benzene solution at 100-2°, the concentration of each reactant 
being 0-1 g.-mol. per litre, the bimolecular velocity constant was 
3-53 x 10+ litre/g.-mol./sec. Menschutkin’s value, expressed in 
the same units, is 3-44 x 10-*; Grimm, Ruf, and Wolff (loc. cit.) 
give k = 3-98 x 10+. 

On dissolving the amine in carbon tetrachloride solution, a white 
precipitate immediately appeared: this has also been noticed by 
Norrish and Smith. It was identified as triethylammonium chloride, 
which must have been produced by traces of moisture in the carbon 
tetrachloride. Precautions were therefore taken to remove all 
traces of water. The solvent was twice distilled from phosphorus 
pentoxide, and the amine was filtered through solid potassium 
hydroxide into an evacuated vessel; but although the amount of 
salt produced was diminished considerably, there remained even in 
the driest solvent sufficient to render it turbid. For the first experi- 
ment, where no special precautions beyond the usual drying were 
taken, graphs showing percentage reaction against time did not pass 
through the origin, and the bimolecular constants showed a pro- 
nounced drift. In the second experiment the same sample of amine 
solution was used, but after further drying with solid potassium 
hydroxide, and on mixing the clear filtrate with the solution of ethyl 
iodide in carbon tetrachloride, a slight cloudiness developed. due to 
moisture in the iodide solution; the curve of titre against time, 
however, passed through the origin, and gave bimolecular “ con- 
stants ” rising from 6-6 x 10° to 9-3 x 10> between 25% and 75% 
completion. For the third experiment, with entirely fresh reactants, 
and solvent kept as free from contact with the atmosphere as possible, 
the values for t,,4, ty ., and ts, were 185, 570, and 1575 minutes 
respectively, corresponding to bimolecular constants of 6-0 x 10°, 
5-8 x 10°, and 6-3 x 10> in the above units. Thus the course of 
reaction in the dry solvent is almost normal, the average value for 
the bimolecular constant being 6-03 x 10°, which is lower by a 
factor of 5-8 than the value of the constant in benzene. 

We are now able to see how carbon tetrachloride is placed in the 
list of solvents given by Menschutkin. The constants determined 
by him increased almost 800-fold in passing from hexane to benzyl 
alcohol. The relative velocity constants in some of the various 
solvents are: Hexane, heptane, carbon tetrachloride, benzene ..... 
ethyl alcohol, acetone, benzyl alcohol: 1, 1-3, 3-2, 18..... 211, 
352, 769. Carbon tetrachloride thus takes its place in a small group 
of solvents in which the reaction velocity is lowest. This suggests 
that the smallest rates are the “normal” rates, and that those 
12 
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solvents in which the reaction is much faster exert a positively 
catalytic influence. The rate in hexane is even smaller than in 
carbon tetrachloride: thus hexane appears to approximate even 
more closely to the ideal inert solvent for this reaction. It was there- 
fore chosen for the purpose of determining the energy of activation 
of this reaction in a non-catalytic environment. 

The reaction in pure hexane is free from complications (see Table 
I). With different distillates, readily reproducible velocity co- 
efficients were obtained, although occasionally exhibiting a slight 
tendency to drift. Solvent 2 differed from solvent 1 only in that it 
was fractionated from phosphorus pentoxide. A summary of the 
results is given in Table II, and refers to solutions which were 0-5M 
with respect to each reactant. 


TABLE I. 
Solvent: hexane. Temp.: 100-2°. [C,H,I] = [(C,H,),N] = 0-5 g.-mol./litre. 
k x 108 (litre/ 


Time (mins.). Change, %. g.-mol./sec.). 
1584 20 5-23 
2820 30 5-04 
4500 40 4-91 
6666 50 4-97 
9360 60 5-31 
Average value of-k = 5-09 x 10-6 
TABLE II. 
[(C,H,),;N] = [C,H,I] = 0-5 g.-mol./l. in different sainples of n-hexane. 
Solvent 1. Solvent 2. 
Temp. k x 10%. Temp. k x 108. 
100-6° 5-09 100-6° 5-31 
140-6 35-2 141-1 35-8 


The velocity of reaction at 100° and the energy of activation are in 
fair agreement with the results given by Grimm, Ruf, and Wolff, as 


Solvent. E (cals./g.-mol.). kyog* K 10°. 
BEEN DTNOIND  ccanancccpnoyscoseneoerensnens 14,800 4-92 
Hexane distilled from P,O,  ..........20+++ 14,400 5-14 
Hexane as used by G., R., and W. ...... 16,000 5-00 


shown above. Menschutkin’s constant is about double this value, 
but in this solvent he followed the reaction only in its very earliest 
stages. Taking the best value of k at 100° as 5-02 x 10°, and E as 
14,600, we find the equation k = 2-01 x 10® x e467, The 
rate of chemical change is thus about 108 times smaller than would 
be calculated from the formula number of molecules reacting = 
Ze-#/RT for a gaseous reaction having this critical increment. The 
calculated value of the term multiplying the exponential is of the 
order 10". In the calculation the formula for collisions in a gas is 
used ; but even allowing for any uncertainty so introduced there can 
be no doubt that a factor of 107 or 108 is approximately correct, and 
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it becomes a matter of importance to inquire whether the discrepancy 
is due, as Christiansen and Norrish and Smith suggest, to deactivation 
by solvent molecules or to some other cause. With this end in view, 
the kinetics of the gaseous reaction were examined. 


The Reaction between Triethylamine and Ethyl Iodide in 
the Gaseous Phase. 


Small, thin-walled, sealed, glass capsules, containing known 
weights of triethylamine and ethyl iodide varying from 0-05 g. to 
0-19 g., were introduced into clean, dry soda-glass tubes of about 
20 c.c. capacity. After evacuation, these were sealed off, and the 
capsules were smashed by shaking the tubes, which were then 
immersed in the thermostat as before. After cooling, the capillary 
tips were broken under distilled water, and the dissolved vapours 
were analysed in the usual way. The bimolecular “ constant ’”’ was 
calculated for each sample from a knowledge of the weights of the 
two reactants initially present, the volume of the reaction vessel, the 
time of immersion, and the titrations of standard nitric acid and 
silver nitrate. The results obtained in this way are given in Table 
III, the initial concentrations being expressed in g.-mols. per litre, 
and & being in !itres/g.-mol./sec. The packed tubes, with the ex- 
ception of that marked with an asterisk (which contained glass 
tubing), were partly filled with glass beads so that the ratio surface/ 
volume was about 3 times that in the “ empty ” tubes. It will be 
seen that the results are roughly reproducible, that the reaction takes 
place at least partly on the surface of the glass, and also that the 
velocity ‘‘ constant ”’ increases regularly with increase in total 
concentration. The cause of the latter effect is probably as follows. 
As the concentration increases the adsorbed film tends to become 
saturated, and of the ‘‘ liquid” type: the environment of the reacting 
molecules thus approximates more and more to a “ polar” solvent, 
in which the reaction velocity is known to be high. 

At a concentration of 0-01 g.-mol. per litre for each reactant in 
the gaseous phase at 140-6°, the velocity constant is 1:9 x 10+, so 
that even in spite of catalysis by the wall of the vessel, the gaseous 
reaction is only 5-3 times as fast as the reaction in hexane, and is 
actually slower than the reaction in carbon tetrachloride. 

It is therefore clear that, whatever the cause of the slowness of the 
reaction may be, it is not due to deactivation by solvent molecules, 
since the observed rates of reaction in the vapour state and in two 
inert solvents are all of the same order of magnitude. Now, the type 
of reaction which has been examined (A + B—+» AB) involves the 

formation of one molecule of resultant from two molecules of reactant, 
and is of the kind that often requires a triple collision before activation 
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TABLE III. f 
Gaseous reaction between triethylamine and ethyl iodide at 140-6°, 
Initial cone. x 100. Initial cone. x 100. 
Amine. Iodide. Total. kx 104. Amine. Iodide. Total. k x 104, 
2-74 1-70 4-4 3-68 5°27 6-27 i1-5 15-0 
2-77 1-96 4-7 3°48 6-57 5-31 119 + 116 
3-02 2-67 5-7 5-58 5-17 8-81 14-0 13-6 
3°98 1-98 6-0 5-95 5-56 13-6 19-2 16-4 
2-11 4°37 6-5 13-1 7-91 13-6 21-5 18-6 
2-83 4-72 7-6 5-44 9-56 12-6 22-2 13-2 
4-70 2-90 7-6 6-46 9-50 14-9 24-4 26-0 
6-24 4:79 11-0 0-40 11-2 15-4 26-6 26-7 
Packed tubes. 
1-61 5°35 7-0 14-7 10-9 10-8 21-7 37:8 
5-90 7-45 13-4 33-7 13-0 18-1 31-1 56-5 
9-31 5-98 15-3 18-6 * 15-0 16-7 31-7 47-4 
925 12:3 21-5 63-1 { 


becomes effective. Lest the great divergence between the observed 
rate and those calculated from the simple theory should be due 
to a special collisional restriction of this kind, it seemed desirable 
to examine the kinetics of a bimolecular reaction of the type 
A+B-—>C+D. 


The Kinetics of the Reaction between Acetic Anhydride and Ethyl 
Alcohol in Various Solvents: (CH,*CO),0 + C,H,-OH —> 
CH,°CO,C,H, + CH,°CO,H. 

The rate of this reaction has also been measured by Menschutkin 
(Z. physikal. Chem., 1887, 1, 611), and recently by Soper and Williams 
(J., 1931, 2297), but no values for the heat of activation are available. 

Acetic anhydride repeatedly distilled through a long fractionating 
column boiled within + 0-5°; 0-0810 g. and 0-1109 g. gave on 
analysis by titration 0-0802 g. and 0-1109 g. respectively. The 
solvents were dried and purified as before. Following Menschutkin’s 
method, an experimental sample was allowed to stand for 5—6 hours 
in 100 c.c. of distilled water, during which the anhydride was com- 
pletely hydrolysed. The extent to which the reaction has progressed 
can thus be found by titrating with standard baryta, the initial titre 
being always double the “infinity ’’ titre. The experimental method 
was the same as that described previously. 

Satisfactory bimolecular velocity constants were obtained in 
various samples of hexane, all of which had been fractionated from 
phosphorus pentoxide. The detailed data for one run are given 
below, and the results are summarised in Table IV, where the in- 


Solvent: hexane (2). Temp.: 48-9°. Equivalent concs. of 0-1575M. 





Time (mins.) ........000++++ 46 110 198 324 524 
Change, % ........seseseeeee 12-5 25-0 37:5 50-0 62-5 
ep gg tbe 3-29 3-21 3-21 3-27 3-37 








Average value of k = 3-27 x 10~ litre/g.-mol./sec. 
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fluence of both temperature and concentration is recorded. A decrease 
° . . . 
0-6", in concentration causes k to increase, but does not alter the heat of 
104, Tasie IV. 
0 ; ; ; 
4 Acetic anhydride and ethyl alcohol in n-hexane. 
6 k x 104. 
4 
6 Cale. by 
2 Initial cone. (g.-mol./I.). Arrhenius 
0 Solvent. Temp. Anhydride. Alcohol. Obs. equation. E. 
7 1 48-8° 0-158 0-158 2-92 3-06 | 
1 60-3 0-158 0-158 6-00 5-89 12,200 
, 100-2 0158 0-158 41:8 422 | 
- 2 48-9 0-157 0-158 3°27 
: 2 100-2 0-157 0-158 50-3 — } 12,700 
1 48-9 0-158 0-500 1-62 1-98 
1 60-3 0-158 0-500 3°84 3-60 
ved 1 70-0 0-158 0-500 (10-2) 6-14 12,400 
, 1 100-2 0-158 0-500 26-6 26-6 
ue ee eons ; 
ble activation, the average value of which is 12,400 calories. The 
pe average value of k in the more dilute solutions at 100-2° is 4-61 x 10% 
(compare Menschutkin’s figure of 1:26 x 10-* for the rate of reaction 
between acetic anhydride and isopropy! alcohol in n-hexane), hence 
ryl the kinetics of the process is represented by k = 9-16 x 104 x e-12,40027, 
The “‘ calculated ”’ collision term for this reaction also is of the order of 
104, so that the disparity is almost as great as for the previous 
be reaction. 
mn The rate of reaction in carbon tetrachloride was also investigated 
‘. in different dry distillates of the solvent ; good bimolecular constants 
“ were found, as shown below. The dilution effect has also been 
mn Solvent : carbon tetrachloride. Temp.: 706°. Equivalent cones. of 0-1M. 
me Time (mins.) .......0000++4 47 87 148 255 436 
: Change, % oosess.coscocsedes 25-0 37-5 50-0 62-5 75-0 
8 DRI cccdpharenvediesctsin 1-18 1-15 1-15 1-09 1-15 
s Average value of k = 1-14 x 10~ litre/g.-mol. /sec. 
l- 
d TABLE V. 
e Acetic anhydride and ethyl alcohol in carbon tetrachloride. 
d k x 104. 
Cale. by 
1 Initial conc. of Arrhenius 
Solvent. Temp. each reactant. Obs. equation. Zz. 
1 49-9° 0-101 2-60 _— } 
l 100-5 0-101 47-1 — 13,700 
2 60-2 0-100 6-28 aa 
2 70-6 0-100 11-4 . 
2 80-9 0-100 20-2 20-3 13,200 
2 100-1 0-100 46-6 54-3 
3 100-2 0-201 37°3 —_ 
3 100-2 0-104 45-0 _— nv 
3 100-2 0-052 48-0 —_— 
3 100-2 0-027 51-7 — 
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examined somewhat more carefully, as shown in Table V. At 
100-2°, the velocity coefficient reaches a limiting value of 5-30 x 10% 
at a dilution of about 50 litres per g.-mol. Combining this with the 
average value of the heat of activation, we find the kinetics of the 
reaction in dilute solution to be given by the relation k = 4-14 x 
105 x ¢-13,400/27, 


The Reaction between Acetic Anhydride and Ethyl Alcohol in the 
Gaseous Phase. 


Adopting the same procedure as before, the kinetics of the gaseous 
reactions in glass vessels, with and without packing, were investi- 
gated, but by using larger reaction tubes (capacity, 16—230 c.c.) it 
was possible to work with smaller concentrations. Within the range 
of concentration examined, the velocity “ constant’”’ is not changed 
to any marked extent (see Table VI), and has an average value of 
about 1-5 x 10-*, as compared with about 5-0 x 10 in the packed 
tubes, for which the ratio surface/volume is about 3 times as great. 
The reaction rate in carbon tetrachloride at this temperature is 
1-79 x 10-3, so the “ gaseous”’ reaction, in spite of catalysis by the 
walls of the vessel, is only about 8 times as fast as that in solution. 

The esterification reaction, therefore, is closely analogous to the 
formation of tetraethylammonium iodide, and the divergence between 
the observed rates and the hypothetical ones cannot be due to the 
difference in the kinetic type of the two reactions. 


TaBLe VI. 
Gaseous reaction between acetic anhydride and ethyl alcohol at 79-2°. 
Initial concs. x 10%. Initial cones. x 10%. 
Anhydride. Alcohol. Total-k x 10. Anhydride. Alcohol. Total. k x 10%. 
2-32 268 50 0-21 8:57 42:74 513 2-53 
5-28 185 71 1-46 27:19 30:18 57-4 1-56 
5-64 5:13 108 0-85 39-08 24-77 63-9 1-18 
6-10 7-24 133 1-24 31-42 3894 70:4 1-40 
442 1161 160 1-79 43-43 43-80 87-2 2-52 
20-51 1630 368 2-06 
Packed tubes. 
3-57 7-55 11-1 0-86 9-89 14-29 24-3 5-83 
6-17 6-49 12-7 1-67 13-13 15-60 28-7 4-57 
8-30 14:28 22-6 10-05 18-11 26-01 44-1] 7-01 
Discussion. 


To the question whether the action of the solvent is to be regarded 
as a deactivating one, the answer yielded by the present investigation 
is a clear-cut negative. 

That the rate of reaction in the two examples examined is very 
many times smaller than the rate at which the energy of activation 
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(distributed even in two square terms only) could be communicated 
is a characteristic of the reactions themselves, for which the solvent 
is not responsible. To attempt to solve the problem why the 
efficiency of activating collisions should be so small is not part of the 
real object of this paper, but it may be of interest briefly to speculate 
about the matter. 

In the first place, such behaviour, although relatively uncommon 
among gas reactions, is not unknown. Only a small proportion of 
the collisions between sodium atoms and cyanogen molecules leads to 
reaction although the energy of activation is zero (von Hartel and 
Polanyi, Z. physikal. Chem., 1930, B, 11, 97). The isomerisation in 
the gas phase of dimethylmaleic ester takes place about 10* as slowly 
as the molecules could be activated (Kistiakowsky and Nelles, 
ibid., 1931, Bodenstein Festband, 369). 

The small efficiency of the collisions can be explained by assuming 
that the two molecules react only when in a specially suitable relative 
orientation, or by assuming that they must be in a suitable internal 
phase. The former alternative would hardly be likely to account 
for a discrepancy of many powers of ten. With regard to the second, 
it seems to have been demonstrated that the phase factor plays a 
decisive part in determining the rate of unimolecular reactions, which 
usually involve rather complex molecules. Those involved in the two 
reactions now under discussion are indeed rather more complex than 
those taking part in the bimolecular reactions to which the simple 
theory applies. Thus the phase factor is likely to be more important, 
but on the other hand, most reactions where there is demonstrably a 
phase factor have the energy of activation distributed in a number of 
square terms, so the actual rate of reaction, even allowing for the 
phase factor, is not less but considerably greater than that given by 
the simple exponential formula. In the unimolecular reactions the 
phase factor can be reasonably connected with the necessity for 
internal redistribution of the activation energy. In the present 
examples, however, this interpretation can hardly be applied in the 
same way. 

If we were to suppose that the two reactions involved a pre- 
liminary stage such as ionisation, ¢.g., 


(1) C,H,I = C,H,* +1-; (CsH,)sN + C,H,t —> (C,H,),N*; 
(C,H,),N* + I-—> (C,H,),NI. 
(2) C,H,-OH = C,H,O- + H+; C,H,-O- + (CH,‘CO),0 —> 
CH,-CO,C,H, ++ CH,COO-; CH,COO- + H+ —> CH,-CO,H. 


then the large proportion of deactivations could be accounted for by 
assuming the primary process to be reversible. Part of the observed 
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energy of activation would, for example, be that required to ionise 
the ethyl iodide : in a collision with an activated amine molecule the 
reaction might be completed. But most of the ions would be lost 
by recombination before this happened. If the probability of 
recombination were great enough, the reaction velocity would become 
extremely slow. In the absence of information about the conditions 
governing the minute ionisation of substances such as ethyl iodide in 
inert solvents, of the part played by the solvation of the ions, and of 
whether minute ionisation could occur in the gas or in the film 
adsorbed on the glass surface, it is not useful to develop this hypo- 
thesis further than to point out that it is of the right form to account 
for a large deactivation without attributing this to the solvent. 


Summary. 


The kinetics of the formation of tetraethylammonium iodide and 
of the esterification of acetic anhydride by ethyl alcohol have been 
investigated in carbon tetrachloride solution, in hexane solution, and 
in the gaseous phase. The rate at which the two reactions proceed 
in the two solvents is about 10° times slower than the rate of 
hypothetical gas reactions with the observed energies of activation. 
That the discrepancy is not due to deactivation by solvent molecules 
is demonstrated by the results obtained experimentally for the 
gaseous reactions, which, in spite of catalysis by the surface of the 
vessel, proceed at rates which are of the same (low) order of magnitude 
as those in solution. 

The rate of the esterification reaction is less influenced by a change 
in the solvent than is the formation of tetraethylammonium iodide. 
The latter reaction is slowest in carbon tetrachloride and in hydro- 
carbons, and fastest in alcohols : by comparing the rates in various 
solvents with the rate of the gas reaction, it is concluded that carbon 
tetrachloride and the hydrocarbons are to be regarded as relatively 
inert solvents, and alcohols as exerting a positive catalytic influence. 
It is not correct to regard the ‘‘ fast’ solvents as normal and the 
*‘ slow” ones as deactivating. 


We are indebted to Imperial Chemical Industries, Ltd., for a grant 
by the aid of which apparatus and materials for this investigation 
were purchased. One of the authors also wishes to express his 
indebtedness to the Department of Scientific and Industrial Research 
for the award of a Senior Research Scholarship. 
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32. The Kinetics of the Esterification of Acetic An- 
hydride in -Ethyl-alcoholic Solution. 


By E. A. Mortwyn-Hvueues and A. C. RoFe. 


TuE rate at which several bimolecular reactions proceed in solution 
is in good agreement with that calculated by means of the equation : 
Number of molecules reacting = number of collisions x e*/*?, 
where E£ is the energy of activation given by the Arrhenius equation 
(Moelwyn-Hughes, Chem. Reviews, in the press). On the other hand, 
the observed rate of certain reactions, notably the formation of 
ternary ammonium salts, is several powers of ten smaller than that 
given by this formula (Christiansen, Z. physikal. Chem., 1924, 113, 
35; Norrish and Smith, J., 1928, 129). The reaction studied here, 
viz, (CH,°CO),0 + C,H,-OH —> CH,°CO,C,H, + CH,°CO,H, 
belongs to the latter category; and it is with a view to learn some- 
thing about the cause of the discrepancy between theoretical and 
experimental rates that the present work was undertaken. 

The course of the reaction has been followed by Menschutkin’s 
method (Z. physikal. Chem., 1887, 1, 611). Samples of the reaction 
mixture were removed at intervals, and kept in distilled water until 
the acetic anhydride was completely converted into acetic acid, 
which was then estimated in the usual way. The initial titre should 
always be double the “‘ infinity ” titre. The reaction between acetic 
anhydride and ethyl alcohol in various solvents is bimolecular, but 
when the latter is used as solvent, the reaction should be unimolecular 
with respect to the former, the constant being independent of its 
concentration. The data given in Table I bear this out; & is the 
unimolecular constant given by the equation 


k=1/t.In(T, — T,)/(T, — T.,): 


TABLE I. 
Acetic anhydride in ethyl alcohol at 50-5°. 
Initial conc. of anhydride Initial conc. of anhydride 
= 0-0952 g.-mol./litre. = 0-1936 g.-mol./litre. 
Time kx 105 Time kx 105 
(mins.). T', ¢.c. (secs.~1). (mins.). T’, c.c. (sees.-*). 
0 26-20 == 53-20 _ 
24 24-75 8-14 17 51-15 7-86 
54 23-20 8-03 47 47-70 8-21 
97 21-25 8-16 75 44-94 8-26 
129 20-05 8-19 119 41-40 8-21 
173 18-55 8-45 177 37-75 7-76 
276 16-70 7-80 309 32-90 7-77 
455 14-65 7-82 379 31-20 7-72 
Inf. 13-10 Inf. 26-60 _— 


Average k= 8-08 x 10-5 sec.-1 Average k=7-97 x 10-5 sec.-} 
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in which 7, and 7’, are the initial and final titrations respectively, 

and 7’, is the titration after ¢ seconds, 0-0364N-baryta being used. 
The influence of temperature on the reaction rate is shown below, 

from which it will be seen that the observed velocity constants are 


in good agreement with the Arrhenius equation k = 4-70 x 10° x 
e718,820/R7 


Acetic anhydride in ethyl alcohol prepared for conductivity purposes. 


WEEN: Sbedeasidecccsonsiats 50-5° 55-1° 60-0° 65-2° 70-2° 75-2° 
EX104, obs. ......00000. 0-803 1-27 1-95 2-88 4:24 6-63 
BX 104, calle. ..ccccccccce 0-816 1-24 1-87 2-96 4-48 6-63 


The concentration of acetic anhydride used in these experiments 
varied by + 5% from an average of 0-195 g.-mol./litre. The ethyl 
alcohol employed was a very pure specimen prepared for conduc- 
tivity purposes, kindly given by Sir Harold Hartley, F.R.S., and 
Mr. O. L. Hughes. Several reactions occurring in solutions are 
sensitive to traces of impurity in the solvent; it was therefore 
thought advisable to study the kinetics of the reaction in a sample 
of ethyl alcohol prepared by another process. 

Ordinary absolute alcohol (99-8%), which had been refluxed for 
two days over freshly fired quick-lime, was fractionated, the constant- 
boiling distillate being then used as solvent. The results obtained 
are given below, the Arrhenius equation now taking the form 


B= 466 x 16 x tent, 


Acetic anhydride in ethyl alcohol dried over calcium oxide. 


DOMED. ccccccccccccsesccccnscvenccoccoccccosce 50-4° 59-9° 70-1° 
BI 1G, OBS. Sccrcvicsccccdsvdcccscséseciose 0-826 1-95 4-42 
B56 BD, CBDR. . coccevevencconenncvepaacoosees 0-833 1-94 4-44 


The results are seen to be accurately reproducible, so that the rate 
is not influenced by traces of dissolved gases or by other impurities 
in the solvent. The average value of the velocity constants given 
by three experiments at 50-45° is 8-10 x 10- sec.4. Combining 
this with the best value for Z (18,800 cals.) we may summarise the 
kinetics of the esterification of acetic anhydride in ethyl alcohol 
solution by the relation k= 4-4 x 108 x ¢1880027, We shall 
now compare the observed rate of reaction with values calculated 
from a knowledge of the number of collisions of various types 
which occur in solution. 

Calculation of Reaction Rate from Number of Collisions between Acetic 
Anhydride and Ethyl Alcohol Molecules.—If chemical change results 
when a molecule of acetic anhydride collides with sufficient violence 
against a neutral alcohol molecule, the reaction rate should be 
proportional to the number of collisions of this kind. The number 
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of alcohol molecules encountered per second by each molecule of 
acetic anhydride is Z = 3xoy/2m, where 7 is the viscosity of ethyl 
alcohol, « is the diameter, and m the mass of the acetic anhydride 
molecule (Moelwyn-Hughes, this vol., p. 95). At 50-5°, 7 = 7-0 x 
10% g./cm.-sec.; m = 1-68 x 10° g.; o=6-0 x 10-8 cm., hence 
Z = 1-20 x 10%. The fraction of this number of collisions which 
is effective is e~”’/”7, where HZ’ is equal to the Arrhenius value for 
the energy of activation plus a correction which allows for the 
variation with temperature of the collision frequency. For ethyl 
alcohol at 50—70°, the correction amounts to 2,440 cals., so H’ = 
18,770 + 2,440 = 21,210 cals. This value can also be obtained 
more directly by plotting the logarithm of (k/n) against the reciprocal 
of the absolute temperature. The numerical value of e-?4210/27 
is 4-27 « 10-4, hence k = Z.e-®/®T = 5-10 « 10° at 505°. The 
observed unimolecular constant is 8-1 x 10°. The reaction thus 
proceeds at a rate which is about 630 times as slow as that calculated 
on the assumption that chemical change occurs whenever neutral 
acetic anhydride and ethyl alcohol molecules collide with a kinetic 
energy equal to or exceeding 21,210 cals. per g.-mol. 


Discussion. 


Moelwyn-Hughes and Hinshelwood (preceding paper) have shown 
that the energy of activation for this reaction in carbon tetrachloride 
and in hexane solution is 13,400 and 12,400 cals. respectively. The 
observed bimolecular constants in both solvents are lower by a 
factor of about 108 than the values calculated for hypothetical gas 
reactions with these critical increments. The idea, however, that 
the discrepancy is due to deactivation by solvent molecules must be 
abandoned, for experiment has shown that the “ gas ” reaction, in 
spite of pronounced catalysis by the walls of the vessel, proceeds at 
about the same rate as the reaction in these two “ inert ”’ solvents. 
Two alternative explanations are advanced to account for the 
apparent abnormality of these reactions: (1) it is possible that the 
molecules must collide with a special orientation, or that they must 
be in a suitable internal phase at the moment of impact, before 
chemical change can set in; (2) the reaction may be preceded by the 
ionisation of reactant molecules : recombination of some of the ions 
to produce the original, uncharged, reactant molecule would then 
be a partial deactivation. 

In attempting to determine which of these two factors is more 
likely to be true, the following facts are relevant: (a) It has been 
concluded, from a general examination of bimolecular reactions in 
solution (Moelwyn-Hughes, Chem. Reviews, 1932), that the Arrhenius 
critical increment is not the true critical increment for reactions of 
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the type studied here. The idea that ionisation enters into the 
problem gives us at once a reason for the false observed values, 
since in that case they would involve the heats of ionisation. It is 
difficult, on the other hand, to see how the necessity for a special 
phase condition at the moment of impact can alter the true energy of 
activation, particularly when the activation process is a simple one, 
not involving internal degrees of freedom, as would appear to be the 
case here. (b) The energy of activation for this reaction varies from 
solvent to solvent, the values for hexane, carbon tetrachloride, and 
ethyl alcohol being 12,400, 13,400, and 18,800 cals. respectively. 
The phase factor, being an inherent property of thereacting molecule, 
should not be greatly influenced by its environment (compare the 
decomposition of nitrogen pentoxide in the gaseous phase and in 
solution), and thus leaves the true solvent effect unsolved. Ionis- 
ation, on the other hand, is known to vary considerably with the 
nature of the solvent, and we should anticipate the heats of ionisation, 
and consequently the observed critical increment, to change from 
solvent to solvent. Finally, (c) the bimolecular constant for the 
esterification reaction in hexane solution (Moelwyn-Hughes and 
Hinshelwood, loc. cit.) and in benzene solution (Soper and Williams, J., 
1931, 2297) increases with dilution. This becomes readily intelligible 
on the ionisation view, since the number of ions alters with the 
concentration; but the possible influence of the dilution on the 
phase factor is more difficult to understand. 

There is really, however, no need tostress any further the superior 
claim of the ionisation view, for this, of the two suggestions now 
under consideration, is the only one which can at present be tested. 
We shall proceed to do so in an approximately quantitative manner. 

Calculation of Reaction Rate from Number of Collisions between 
Acetic Anhydride Molecules and Ethoxide Ions.—\lf we assume that 
reaction takes place only between acetic anhydride molecules and 
ethoxide ions : 


(CH,°CO),O + C,H,-O- —-> CH,°CO,C,H, + CH,°COO-, 
we can obtain the observed bimolecular constant for the process by 
dividing the observed unimolecular constant by the concentration 
of ethoxide ion present in ethyl alcohol : 

by, =< — U(CHs*C0),0) ee 

F dt [(CHg‘CO),O][C,H;-O-] — [C,H;°O-] 
Macfarlane and Hartley (Phil. Mag., in the press), from a study of 
the potential of the hydrogen electrode in ethyl alcohol, give the 
dissociation constant at 25° as K =([C,H,-O-][H*]= 1-9 x 10°”. 
It has not been possible to-find how this varies with temperature, 
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but we can assume as a first approximation that dK /dT' will be the 
same for ethyl alcohol as for methyl alcohol, for which we have a 
heat of dissociation of 11,200 cals. This figure is the calorimetrically 
determined heat of neutralisation of strong acids with sodium 
methoxide (Wolfenden, Jackson, and Hartley, J. Physical Chem., 
1927, 31, 850): CH,-O- + H+» CH,‘OH. From these two data 
we can estimate the concentration of ethoxide ion in ethyl alcohol 
at various temperatures: [C,H,*O-] = K'* = 5-75 x 10% x 
e80027 = Now Kan, at 50°5° is 8-10 x 10% sec. and [C,H,O-] = 
7:31 x 10-2 g.-ion per litre; hence the “ observed” bimolecular 
constant is 1-11 x 10° litre/g.-mol./sec. 

In order to calculate the bimolecular constant, we use the 
equation : 


rate = [number of collisions between (CH,*CO),0 molecules 
and EtO’ ions per sec.] x e~t!2?, 


In the absence of a more rigorous treatment, we must use the 
collision equation as deduced for a gas: the error thus introduced 
is probably not as great as it is sometimes considered to be. The 
numerical value of the collision frequency is about 1-8 x 10%. 
The critical increment of the bimolecular reaction is found in the 
following manner : 


ko, = Keans,/[(CgH,°O-] = hum, < K-%, 
In kos. = In Kani. _ 1/2 In K. 


Differentiating each term with respect to temperature, and dividing 
throughout by RT?, we obtain 


Ev. = Eun, — 1/2Q = 18,800 — 5,600 = 13,200 cals. 


On this basis, the calculated reaction rate at 50-5° becomes 2-15 x 
102, i.e., about 520 times less than the observed. value. The calcul- 
ation admittedly involves several assumptions and has ignored the 
solvation of the ethoxide ion, but although only approximate, it is 
considered to be qualitatively correct. 

The results obtained for this reaction, therefore, show that the 
experimental rate lies between the rates calculated on the assump- 
tions that the reaction is entirely (i) (CH,*CO),0 + C,H,,OH —> 
CH,°CO,C,H, + CH,CO,H or (ii) (CH,*CO),0 + C,H,-O- —> 
CH,°CO,C,H, + CH,-COO-. Possibly the observed rate is a com- 
posite value, both mechanisms being concerned simultaneously ; 
but on account of the approximate nature of the calculations it is 
not possible to say in what proportion the two rates are shared, 
The composite velocity constant is not, of course, the average of the 
two calculated values, and can only be evaluated when more 
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accurate figures become available for the true critical increment for 
each reaction. 
Summary. 

The kinetics of the esterification of acetic anhydride in ethyl 
alcohol as solvent have been investigated over a range of temper- 
ature in two different preparations of alcohol. The two series of 
experiments give concordant results, the unimolecular velocity 
constant being given by the relation k = 4-4 x 108 x e-%8,S00z7 
sec.1, The observed rate lies between the theoretical values 
calculated on the assumptions that reaction takes place between acetic 
anhydride molecules and (i) ethyl alcohol molecules, with an energy 
of activation of 21,200 cals., and (ii) ethoxide ions, with an energy 
of activation of 13,200 cals. The observed H has been corrected 
under assumption (i) to make allowance for the variation with 
temperature of the collision rate, and under assumption (ii) for the 
heat of ionisation of ethylaicohol. The results of these calculations 
suggest that both mechanisms may be involved. The important 
point, however, is that the rates of abnormally slow reactions, of 
which esterification is but one instance, can be accounted for by 
introducing the idea of ionisation, and further work in this direction 
is contemplated, the chief difficulty being the scanty data as to the 
minute ionisation of substances such as ethy] alcohol in inert solvents. 


It is a pleasure to thank Mr. C. N. Hinshelwood, F.R.S., for the 
interest he has taken in this work; one of the authors is indebted 
also to the Department of Scientific and Industrial Research for the 
award of a Senior Research Scholarship. 
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33. The Planar Configuration of Diamagnetic Nickel 
Complexes. Part I. Isomeric Nickel Derivatives 
of Benzylmethylglyoxime. 

By SAMUEL SUGDEN. 


THE theory of valency developed by Pauling (J. Amer. Chem. Soc., 
1931, 53, 1367) leads in most cases to the generally accepted stereo- 
chemical configurations, viz., a tetrahedral arrangement for a 
covalency of four, and an octahedral configuration for a covalency 
of six. There is, however, one important exception: if one of the 
vacant d levels in a transition element is concerned in the formation 
of linkages, then a configuration of four bonds at an angle of 90° 
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in one plane is possible. At the same time, the magnetic moment of 
the atom should decrease in a definite manner, since the d level 
concerned in valency formation is not available for the electrons of 
the incompleted sub-group. For nickel the moment should decrease 
from 2-83 Bohr magnetons to zero. 

It has long been known that nickel carbonyl] and potassium nickeli- 
cyanide are diamagnetic, but in these substances a planar con- 
figuration cannot give rise to stereoisomerism. In the course of an 
investigation on the magnetic properties of nickel complexes which 
will shortly be submitted for publication, the author found that the 
glyoximes of nickel are all diamagnetic. Recently Klemm, Jacobi, 
and Tilk (Z. anorg. Chem., 1931, 201, 1) and Cambi and Szegé 
(Ber., 1931, 64, 2591) have found that the nickel derivatives of 
dimethyl- and diphenyl-glyoxime are diamagnetic. In addition, 
other diamagnetic nickel complexes are described by these workers, 
e.g., N-alkylthiocarbamates and o-phenanthroline derivatives. 

It is evident that a diamagnetic nickel atom with a planar con- 
figuration should give rise to two stereoisomeric compounds when 
combined with two unsymmetrical chelate groups. Since nickel 
dimethylglyoxime has a very high melting point and is practically 
insoluble in most organic solvents, it is desirable in a search for iso- 
merides of this type to use a highly substituted glyoxime. Benzyl- 
methylglyoxime was chosen since it is readily prepared, and the 
difference in bulk and chemical character of the methyl and benzyl 
groups should produce a marked difference in the physical properties 
of the cis- and the trans-form. 

When the nickel derivative of this glyoxime was examined it was 
found to consist of two isomeric compounds, the «-form, m. p. 168°,* 
and the $-form, m. p. 75—77°. These have the same nickel content 
and the same molecular weight. The @-isomeride is much more 
soluble in cold acetone than the «-form and can thus be separated ; 
it was finally purified by solution in benzene and fractional pre- 
cipitation with ligroin. The §-form is thermolabile and readily 
changes at 120° to a product melting at 152°. For this reason the 
m. p. was taken as the temperature at which complete melting took 
place in 30 secs. when the substance contained in a capillary tube 
was plunged into a previously heated bath. The product of m. p. 
152° is not a third isomeride, but an equilibrium mixture of the 
«- and the @-form. This is shown by boiling it with acetone; on 
cooling, crystals of the «-form are deposited, and the mother-liquor 
when fractionally precipitated with water gives fractions of lower 
m. p. containing the $-isomeride. 


* All m. p.’s quoted are corrected for thermometer errors and for exposed 
stem. 
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Both forms are diamagnetic and have the following susceptibilities 
at 18°: «a-form, y = — 0-44 x 10%, 8-form x = — 0:24 x 10+, 
The lower value for the $-form is possibly due to the presence of a 
trace of a paramagnetic green compound (see Experimental). 

It is thus clear that there are two isomeric nickel benzylmethyl- 
glyoximes, but it remains to be considered whether the isomerism is 
due to the planar configuration of the nickel atom or whether stereo- 
isomeric forms of the oxime are present in the two nickel compounds, 
The latter hypothesis seems improbable, for the parent glyoxime is 
only known in one form. It was found that the isomeric nickel 
derivatives when shaken in the cold with 15%, hydrochloric acid 
regenerated the same glyoxime, identical with that from which they 
were prepared. Furthermore, acetylation of the isomeric nickel 
derivatives with acetic anhydride in the presence of pyridine at room 
temperature gave the same diacetyl derivative from both nickel 
derivatives, and the product was identical with that prepared from 
the original glyoxime. Thus the same isomeric glyoxime is present 
in the two nickel compounds. 

Following Pfeiffer (Ber., 1930, 63, 1811; compare Tschugaev, J., 
1914, 105, 2187), the chelate ring would be formulated as in (I), and 
it then keener possible to write another formula (III) by transposing 


CH,C—C-C,H,  CH,C——C-C,H, 


wok hs 5h A Be 


4 x 
(I.) eh 
the O and the OH group. If these are distinguishable, then with a 
tetrahedral configuration of the nickel three isomerides are possible, 
viz., one with both rings of type (I), one with both rings of type (II), 
and a third with one ring of each type. It is doubtful, however, 
whether (I) and (III) are distinguishable, for the removal of a proton 
by ionisation gives the anion (II), through which the two forms would 
be readily interconvertible. The relation between (I) and (III) 
closely resembles that between the oximino- and the nitrone forms 
of monoximes (IV and V), and it is usually considered that these 
represent inseparable tautomeric forms. In the author’s view, the 
large difference in m. p. of the two nickel derivatives cannot be 
accounted for by structural isomerism involving the displacement 
of a proton as in (I) and (III). They must, therefore, be regarded 
as geometrical isomerides with a planar configuration of the valency 
linkages from the nickel. By analogy with the maleic—fumaric 
series, the low-melting form has most probably the cis-configuration ; 
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it is hoped shortly to settle this point by comparing the dipole 
moments of the isomerides. 

This work is being extended to other diamagnetic nickel complexes, 
In particular, nickel complexes of imines of oximino-ketones (VI) are 
under investigation, as these substances cannot exhibit the type of 
tautomerism discussed above. 


weit ~~ 
Low H-N—O 
ape 

(IV.) (V.) 


EXPERIMENTAL. 


The monoxime of benzylmethylglyoxal was prepared by adding 
concentrated hydrochloric acid to benzylacetoacetic ester (1 mol.) and 
sodium nitrite (1-1 mols.) dissolved in 10% caustic soda (1-2 mols.), 
the temperature being kept below 10°. The crude solid product was 
drained from oily material on a tile, and crystallised from dilute 
alcohol; m. p. 81° (Ceresole, Ber., 1882, 15, 1876, gives m. p, 80°). 
The second oxime group was introduced by heating together on the 
. water-bath the monoxime (1 mol.), hydroxylamine hydrochloride 
(1-2 mols.), and 20% caustic soda (2-5 mols.), and was precipitated 
by adding acetic acid. It crystallised from 80% acetic acid as a 
colourless product, m. p. 194°. This is considerably higher than the 
m. p. given by Schramm (Ber., 1883, 16, 181, 2184), viz., 180—181°. 

Since preliminary experiments showed that the low-melting iso- 
meride was easily transformed by heat into a higher-melting mixture, 
the precipitation of the nickel complex was carried out in the cold. 
The glyoxime (50 g., 2 mols.), dissolved in acetone or alcohol, was 
added to a cold aqueous solution of nickel chloride free from iron 
and cobalt (1-1 mols.), and sodium acetate (2-5 mols.). The bright 
orange precipitate was filtered off, washed, and air-dried; it had an 
indefinite m. p., 75—100°. 

Separation of Isomerides.—The dry powdered substance was added 
to 15 times its weight of cold acetone. It usually dissolved com- 
pletely but quickly deposited a crystalline precipitate which was 
filtered off; the mother-liquor was then fractionally precipitated 
with water. The first crop usually melted at 152°, and subsequent 
crops from 130° to 90°. Fractions melting below 120° were collected 
and shaken with 5—10 times their weight of benzene at ruom 
temperature. A small, greenish, insoluble residue was sometimes 
obtained which contained nickel and was paramagnetic (Found : Ni, 
67%; X19 = + 1:94 x 10%). The benzene solution was fraction- 
ally precipitated with ligroin; the earlier fractions were red oils which 
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erystallised on standing or on rubbing with ligroin and melted at 
75—77°, and later fractions showed a progressively higher m. p. In 
this separation it is essential to determine the m. p. of a fraction 
by plunging the capillary tube in a previously heated bath, otherwise 
interconversion occurs and the only m. p. observed is that of the 
equilibrium mixture, 152°. Until this was realised, fractions con- 
taining considerable quantities of the $-form were discarded, 
Repetition of the benzene-—ligroin precipitation gave no furtherchange 
inm.p. The «-form is readily obtained from the product of m. p. 
152° by boiling with acetone; on cooling, orange-brown plates are 
deposited of m. p. 168°, unchanged on further crystallisation from 
acetone or benzene. 

Analyses and Molecular Weights.—Nickel was determined by 
decomposing the substance in a silica crucible with concentrated 
sulphuric acid and roasting to oxide. This change was hastened by 
occasionally moistening the residue with nitric acid (Found : for 
a-form, Ni, 13-4; for $-form, 13-2. C,,H,.0,N,Ni requires Ni, 
13-3%). The method was checked on pure NiSO,,(NH,),80,,6H,0 
(Found: Ni, 14-84. Calc.: Ni, 14-87%). Molecular weights were 
determined by the freezing-point method in benzene; the moisture 


content of the solvent was controlled by adding a little anhydrous - 


magnesium sulphate. The freezing-point depression constant was 
taken as 5-07°/1000 g. The following results were obtained (¥, 
cale., 441). 





a-Form. B-Form. 
r : ~ — 
c, g./1000 g. ...... 6-21 10-4 15-0 7-77 15-1 
MB if Sdocciecesbiedsics 0-070° 0-100° 0-134° 0-097° 0-168° 
Bdinipenatebtiaaete 450 527 567 406 456 


Regeneration of Glyoxime and of Diacetylglyoxime.—1 G. of each 
isomeric nickel compound was shaken with 20 c.c. of 15% hydro- 
chloric acid and 10 c.c. of ether until the orange colour disappeared. 
The ether was separated and allowed to evaporate at room temper- 
ature. The residue from both forms melted at 194° and did not 
depress the m. p. of the parent glyoxime. 

To a mixture of 1 g. of acetic anhydride and 10 g. of pyridine, 1 g. 
of the nickel salt was added; after 20 mins. the bright green liquid 
was diluted with water. An oil separated which soon solidified, and 
was filtered off and air-dried; m. p. from both forms 73°, raised to 
79° by one crystallisation from alcohol. The glyoxime warmed with 
acetic anhydride gave the diacetyl derivative, m. p. 80°, which did 
not depress the m. p. of the substance obtained from its nickel 
derivatives. Schramm (loc. cit.) gives m. p. 80°. 


BreKBeck CoLLEGE (UNIVERSITY OF LONDON), 
Fetrer Lang, E.C. 4. [ Received, December 16th, 1931.] 
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34. Cyanine Dyes and Related Compounds. 


By (Miss) Frances Mary Hamer, Istpor Morris HEmBRon, 
(JoseEpH HENRY Reape, and Harotp Norman WALLS. 


ALTHOUGH many classes of cyanine and carbocyanine dyes have 
been extensively examined during the last two decades and their 
structures elucidated largely owing to the striking investigations 
of Mills and Wishart (J., 1920, 117, 579), Mills and Hamer (cbid., 
p- 1550), Mills (J., 1922, 121, 455), Konig (Ber., 1922, 55, 3293), 
Braunholtz and Mills (J., 1923, 123, 2804), Mills and Odams (J., 
1924, 125, 1913), Konig (Ber., 1924, 57, 685), Konig and Meier 
(J. pr. Chem., 1925, 109, 324), Hamer (J., 1927, 2796; 1928, 206, 
1472, 3160; 1929, 2598), Fisher and Hamer (J., 1930, 2502), and 
Hamer and Kelly (J., 1931, 777), the relationship between chemical 
constitution and photographic properties still remains largely 
obscure. In the present paper an attempt has been made to gain 
some further insight into the problem by the preparation of new 
compounds similar in character to known photographically active 
dyes. 

Carbocyanines.—We have in the first instance taken as standard 
the important photographic sensitiser pinacyanol (Mills and Hamer, 
loc. cit.; Ké6nig, loc. cit.) and modified the quinoline nuclei in this 
dye by employing in place of quinaldine itself 4-phenylquinaldine, 
the ethiodide of which is readily convertible into 4 : 4’-diphenyl- 
1: 1’-diethyl-2 : 2'-carbocyanine iodide (I). 


Ph Ph Ph 
23e ys 
(I.) = _"t ' (IT.) 
gpa CH= Lome 
Et NEt Me 
a i 2H 


The dye confers a certain extra-sensitivity on a photographic 
plate, the maximum effect being at 665 my, but the amount of 
the sensitisation is far less than with pinacyanol. 

The corresponding 4 : 4’-diphenyl-1 : 1'-dimethyl-2 : 2'-carbocyan- 
ine iodide, on the other hand, imparts no extra-sensitivity to a 
photographic plate, but exerts a very slight desensitising effect, 
which is decreased by both sodium sulphite and carbonate; its 
principal absorption band shows a maximum at 625 my and there 
is also a secondary band with head at 575 mu. 

It is thus evident that (a) the presence of the 4: 4’-phenyl 
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radicals in the quinoline nuclei markedly decreases the sensitising 
properties of the dye, and (6) methyl groups in the 1 : 1’-positions 
are less favourable to the development of photographic sensitisation 
than ethyl radicals. The latter observation is in agreement with 
the results obtained by Mills and Pope (Phot. J., 1920, 60, 253), 
who noted that the methyl analogue of pinacyanol was a com- 
paratively poor sensitiser (compare also Hamer, J., 1929, 2598). 

The striking difference in photographic behaviour occasioned 
by replacement of methyl by ethyl groups has led us to examine 
1 ; 1’-diisopropyl-2 : 2'-carbocyanine iodide. This salt proves to be 
as powerful a panchromatic sensitiser as pinacyanol itself, with 
action actually extending further into the red region. The chief 
absorption maximum is at 605 my and there is a weaker one at 
560 mu. 

Our attention was next turned to the preparation of sensitising 
dyes containing quinazoline nuclei. Attempts to prepare dyes of 
this type have been recorded by Bogert and Clark (J. Amer. Chem. 
Soc., 1924, 46, 1294), who found, however, that the simple quin- 
azolines failed to yield quaternary alkyl salts. On the other hand, 
although such salts could be obtained from the 4-quinazolones 
(Bogert and Geiger, ibid., 1912, 34, 683), they failed to yield cyanine 
dyes under the experimental conditions employed (Bogert and 
Clark, loc. cit.). We have now succeeded in preparing 4-phenyl- 
2-methylquinazoline methiodide (II) by the action of phenylmagnesium 
bromide upon 1 : 2-dimethyl-4-quinazolone (Heilbron, Kitchen, 
Parkes, and Sutton, J., 1925, 127, 2167) and find that this salt readily 
condenses with ethyl orthoformate according to Hamer’s method 
(J., 1927, 2796), giving 4: 4’-diphenyl-1 : 1'-dimethylquinazocarbo- 
cyanine iodide (III). 





Ph Ph 
‘d apne CH=C ee. CO) errax-< 
(III.) NMe NEt (IV.) 
eed 


I 


The dye (III) possesses two approximately equal and scarcely 
separable absorption bands with maxima at 630 my and 590 my 
respectively, and differs in this respect from a typical 2 : 2’-carbo- 
cyanine derived from a quinaldinium salt, where the band nearer 
to the red end of the spectrum is normally more powerful. The 
substance gives clean plates, does not affect the latent image, and 
is practically devoid of either sensitising or desensitising photo- 
graphic properties. In this respect it resembles 4 : 4’-diphenyl- 
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] : l'-dimethyl-2 : 2’-carbocyanine iodide, and shows that the 
quinazoline nuclei exert no outstanding photographic action. 

The replacement of a cyclic methine group by nitrogen thus 
produces a wholly different effect from that caused by similar 
replacement in the conjugated aliphatic methine chain, for, as 
shown by Bloch and Hamer (Phot. J., 1930, 70, 374), whereas the 
p-dimethylaminoanil of pyridine-2-aldehyde ethiodide (IV) has 
strong desensitising capacity, 2-p-dimethylaminostyrylpyridine eth- 
jodide is a powerful photographic sensitiser (Mills and Pope, J., 
1922, 121, 946. For other instances, see Smith, J., 1923, 123, 
2288; Hamer, J., 1924, 125, 1348; Phot. J., 1929, 69, 409). 

Styryl Derivatives.—There are in the literature several references 
to the photographic properties of styryl derivatives of quaternary 
salts, in which a nitrogen atom forms one member of a heterocyclic 
nucleus. The photographic behaviour varies, however, according 
to the other substituents present. Thus, on the one hand, the 
photographic sensitising action of such compounds has been recorded 
(Barbier, Bull. Soc. chim., 1920, 27, 427; Mills and Smith, J., 
1922, 121, 2724; Smith, loc. cit.; Hamer, J., 1924, 125, 1348; 
Bloch and Hamer, loc. cit.), whilst, on the other hand, other com- 
pounds of this type, such as 6-ethoxy-2-styrylquinoline ethiodide, 
desensitise (Farbw. vorm. Meister, Lucius, and Briining, G.P. 
396,402; I. G. Farbenind. A.-G., B.P. 262,816; Hamer, Phot. J., 
1929, 69, 409). 

An examination of the styryl derivatives of the quaternary salts 
described above has now been made and here again definite effects 
due to the 4-phenyl group become apparent. Thus, whereas 
2-p-dimethylaminostyrylquinoline ethiodide possesses sensitising 
action (Hamer, J., 1924, 125, 1348), this is much weaker in the case 
of 4-phenyl-2-p-dimethylaminostyrylquinoline ethiodide (V), while 
the methiodide (which has, like the preceding compound, a broad 
absorption band with a crest at 530 my) exerts considerable de- 
sensitising power and causes no destruction of the latent image. 
Replacement of the dimethylamino-radical by hydroxy] also gives 
interesting results, for 4-phenyl-2-p-hydroxystyrylquinoline meth- 
iodide, which has a broad absorption band with a maximum at 
430 my, has a desensitising capacity equal to that of safranine for 
fast non-colour-sensitive plates, but is not so good for panchromatic 
plates. The plates are free from chemical veil and there is no 
destruction of the latent image. 4-Phenyl-2-p-hydroxystyrylquinol- 
ine ethiodide and 4-phenyl-2-p-methoxystyrylquinoline ethiodide do 
not sensitise; in both cases, the absorption band lies in the blue 
region and extends to about 500 my. 4-Phenyl-2-p-dimethylamino- 
styrylquinazoline methiodide (V1) also has been prepared ; it possesses 
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one broad absorption band with a maximum at 540 my and produces 
slight desensitisation. 


CPh : CPh 
\ ANN 
CH=CH NMe, | CH-CH NMe 
VW \A - 
Et (vV.) e (VI.) 
—— _—— 
I I 


Owing to the close structural analogy which exists between 
styryl derivatives of quinolinium salts and the corresponding 
derivatives of benzopyrylium salts, twelve members of the latter 
class have been tested for photographic behaviour. The striking 
result emerges that there is no parallelism whatever. Only in two 
instances was there even a trace of sensitisation; (1) 7-hydroxy- 
2-p-dimethylaminostyryl-4-methylbenzopyrylium chloride (Heil- 
bron, Walker, and Buck, J., 1925, 127, 690), which absorbs in the 
green with a badly-defined maximum at 580 my, shows sensitisation 
at 640 my, and (2) 3: 6-dihydroxy-9-p-dimethylaminostyryl- 
xanthylium chloride (Atkinson and Heilbron, J., 1926, 676), which 
has an absorption maximum at 440 my, produces a very feeble 
extension of the normal sensitivity. It is well known that sensitis- 
ation and desensitisation may occur simultaneously, but there is no 
desensitisation with these three dyes nor with the following: 
(3) 4’-hydroxy-3’-methoxy-2-styrylbenzopyrylium chloride (Buck 
and Heilbron, J., 1922, 121, 1198, (4) 5: 7-dimethoxy-2-pheny]l- 
4-p-dimethylaminostyrylbenzopyrylium chloride (Walker and Heil- 
bron, J., 1925, 127, 685), which absorbs in the deep red, (5) 5: 7- 
dihydroxy-2-pheny]-4-p-dimethylaminostyrylbenzopyrylium _ferri- 
chloride (idem, ibid.), which has a broad absorption band with its 
crest at 550 my and produces dense patchy fog on a photographic 
plate, (6) 7-hydroxy-2-p-methoxystyryl-4-p-dimethylaminostyry]- 
benzopyrylium chloride (Heilbron, Walker, and Buck, loc. cit.), 
which shows much absorption between 460 and 640 my but with 
no definite maximum, and (7) 3-p-dimethylaminostyryl-$-naphtha- 
pyrylium perchlorate (Dickinson and Heilbron, J., 1927, 14), which 
has a broad ill-defined absorption band with its maximum at 450 my 
and attacks the latent photographic image and produces foggy 
streaks and patches. There is slight desensitisation in the case of 
(8) 2-p-methoxystyrylbenzopyrylium chloride (Buck and Heilbron, 
loc. cit.), (9) 3-styryl-8-naphthapyrylium chloride (Dickinson and 
Heilbron, loc. cit.), which absorbs from the ultra-violet up to 440 my, 
(10) 3-(8-2’-hydroxy-1’-naphthylvinyl)-8-naphthapyrylium chloride 
(idem, ibid.), and (11) 4-phenyl-2 : 6-pp’-tetramethyldiaminodistyryl- 
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pyrylium ferrichloride (see experimental portion), which has one 
broad absorption band with its maximum at 550 my and a narrower 
one with its maximum at 435 my. The most interesting member 
of the series (12) is 2-p-dimethylaminostyrylbenzopyrylium ferri- 
chloride (VII) (Buck and Heilbron, J., 1923, 123, 1395). It is 
characterised by an ill-defined absorption maximum at 635 my 
and possesses more powerful desensitising properties than safranine 
itself, whether with colour-sensitive or with non-colour-sensitive 
plates. It is well known that ferric salts exert an apparent de- 
sensitisation, which is, in reality, destruction of the latent image 
(Steigmann, Phot. Ind., 1922, 71; 1925, 490; Ross, Brit. J. Phot., 
1925, 72, 19; Bullock, ibid., 1927, 74, 590); there is, in the case 
of this double salt, no evidence that its desensitising action is 
dependent upon the iron content. Unfortunately none of these 
benzopyrylium salts is of practical value, as the desensitisation is 
destroyed by sodium carbonate and sodium sulphite. 


H 
C 
8h 
J&-CH=CH-X_NMe, (VII). 
Rs 
FeCl, 
Qh ate CO) volts 
Et NEt 
ee —— 
i i 


2:2'-Divinylene Salts—Dependent upon the fact that in the 
cyanine group the methine chain comprises an uneven number of 
carbon atoms, the molecule exhibits a kind of virtual tautomerism 
(Mills and Braunholtz, J., 1922, 121, 1489). In order to obtain 
direct evidence of the influence of this effect upon both colour and 
photographic properties, we have now prepared a series of sym- 
metrical 2 : 2’-divinylene salts and obtained new types which differ 
from the true cyanines more than they resemble them. 2: 2’- 
Divinylenediquinoline 1: 1'-diethiodide (VIII), which is readily 
formed by heating quinaldine ethiodide with glyoxal in dry pyridine, 
is a red dye having one broad absorption band with its head at 
510 my, and is wholly devoid of sensitising action. The same 
applies to 4 : 4’-diphenyl-2 : 2'-divinylenediquinoline 1 : 1'-diethiodide 
and 4: 4’-diphenyl-2 : 2’-divinylenequinazoline 1 : 1'-dimethiodide, 
both of which actually slightly decrease the normal sensitivity of a 
photographic plate. 
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movement between the heterocyclic nuclei upon visible colour have 
been obtained by examining the dyes formed by condensing 4-phenyl- 
quinaldine methiodide and 4-phenyl-2-methylquinazoline methiodide 
with indole-3-aldehyde. Whereas both the carbocyanines con- 
taining these heterocyclic nuclei dye natural silk and wool bright 
blue shades, 4-phenyl-2-3'-indolylvinylquinoline methiodide (IX) and 
its quinazoline analogue, in both of which the unsaturated carbon 
chain linking the nitrogen atoms is similar to that in the carbo- 
cyanine group, only dye natural silk and wool brick-red shades. 


Ph NH CH———CH 
\ ait 
( Me \ 
Jru-CH- Me JEPh NH 
e 
I 


(IX.) Cl (X.) 


The powerful chromogenic effect of the benzopyrylium nucleus 
is very clearly shown in this series, for the dye (X), obtained by 
condensing 7-methoxy-2-phenyl-3 : 4-dimethylbenzopyrylium chlor- 
ide (Heilbron and Zaki, J., 1926, 1902) and indole-3-aldehyde, gives 
bright purplish-blue shades on wool. Heilbron and Zaki (loc. cit.) 
considered that the parent benzopyrylium salt was 7-methoxy- 
4-phenyl-2 : 3-dimethylbenzopyrylium chloride, having prepared it 
by the action of the Grignard reagent on what they considered was 
7-methoxy-2 : 3-dimethylchromone. It has recently been shown, 
however, by Canter, Curd, and Robertson (J., 1931, 1255), and 
confirmed in this laboratory, that the latter compound, which was 
prepared by the Simonis method from resorcinol and ethyl methy]- 
acetoacetate (Ber., 1914, 47, 2229), is actually the isomeric 7-meth- 
oxy-2-phenyl-3 : 4-dimethyleoumarin. 


EXPERIMENTAL. 
4-Phenyl-2-methylquinazoline Methiodide (I1).—A solution of 

1 : 2-dimethyl-4-quinazolone (8 g.) (Heilbron, Kitchen, Parkes, and 
Sutton, loc. cit.) in dry anisole (180 ¢.c.) was slowly treated with 
phenylmagnesium bromide (from bromobenzene, 17-5 g., in 100 c.c. 
of ether); a yellow precipitate formed which gradually redissolved. 
The mixture was heated for 3 hours on a steam-bath and decom- 
posed with cold dilute hydrochloric acid. The acid layer was 
separated and rendered alkaline with dilute aqueous ammonia, 
and the brown-red colour base was removed, dissolved in alcohol, 
and heated for 4 hour with excess of hydriodic acid. The resultant 
greenish-yellow solution was poured into hot water and concen- 
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trated ; 4-phenyl-2-methylquinazoline methiodide separated in canary- 
yellow needles, m. p. 208° (decomp.), readily soluble in water and 
alcohol (Found: C, 53-1; H, 4:5; N, 7:7. C,gH,,N,I requires 
C, 53-0; H, 4-1; N, 7-7%). 

4-Phenyl-2-p-dimethylaminostyrylquinazoline methiodide (VI) was 
prepared by heating an alcoholic solution of the above salt (2 g.) 
and p-dimethylaminobenzaldehyde (0-9 g.) under reflux for 4 hours 
in presence of a few drops of piperidine. The styryl salt separated 
from the cold solution in purple feathery needles with a green 
metallic reflex; m. p. 202° (decomp.) (Found: N, 8-3. C,,;H,,N,I 
requires N, 8-5%). 

4-Phenyl-2-0-hydroxystyrylquinazoline methiodide, prepared simil- 
arly, crystallised from alcohol in fine orange needles, m. p. 182° 
(decomp.) (Found: N, 5-8. C,,H,,ON,I requires N, 6-0%). 

4: 4'-Diphenyl-1 : 1'-dimethylquinazocarbocyanine Iodide (II1).— 
A solution of 4-phenyl-2-methylquinazoline methiodide (2 g.) 
and ethyl orthoformate (1-6 g.) in pyridine (40 c.c.) was heated 
under reflux for 5 hours, and the resultant greenish-blue solution 
concentrated; the salt then separated in greenish-red metallic 
lustrous needles, m. p. 270°, sparingly soluble in water and alcohol, 
more readily in pyridine. It dyes wool and silk a bright blue 
shade (Found: N, 9-1. C,,H,,N,I requires N, 9-2%). 

4: 4’-Diphenyl-2 : 2'-divinylenediquinazoline 1 : 1'-Dimethiodide.— 
This salt was prepared by refluxing a solution of 4-phenyl-2-methyl- 
quinazoline methiodide (4 g.) with glyoxal (0-8 g.) in pyridine (15 
¢.c.) for 4 hour. It slowly separated on cooling from the bright red 
solution in dull brownish-red needles, m. p. 205° (decomp.), spar- 
ingly soluble in water but moderately easily soluble in alcohol and 
acetone. It dyes wool and silk dull red shades (Found: N, 7:2. 
Cy,H,,N,I, requires N, 7-5%). 

4-Phenyl-2-p-dimethylaminostyrylquinoline Ethiodide (V).—4- 
Phenylquinaldine (Beyer, Ber., 1887, 20, 1767) was converted into 
the ethiodide (yellow needles, m. p. 200—201°) by refluxing with 
ethyl iodide in benzene solution. A solution of this salt (3 g.) 
and p-dimethylaminobenzaldehyde (1-2 g.) in alcohol (50 c.c.) was 
kept over-night at 60° in presence of one drop of piperidine. The 
intense bluish-red solution on cooling set to a solid mass. The 
pure salt crystallised from alcohol in deep purple needles with a 
green metallic reflex (Found: N, 5-5. (C,,H,,N,I requires N, 
55%). The corresponding methiodide, m. p. 227° (decomp.), 
formed similarly from 4-phenylquinaldine methiodide (m. p. 205°), 
is similar in all respects (Found: N, 5-8. C,gH,,N,I requires N, 
57%). 
4-Phenyl-2-p-hydroxystyrylquinoline methiodide, prepared in an 
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analogous manner from 4-phenylquinaldine methiodide and p-hydr- 
oxybenzaldehyde, forms orange-brown needles readily soluble in 
hot water to give a deep yellow solution which changes to blue-red 
on addition of alkali (Found : N, 2-8. C,,H,,ONI requires N, 3-0%). 
The ethiodide, m. p. 220° (decomp.), is similar in all respects (Found : 
N, 3-2. C,;H,,ONI requires N, 2-9%). 

4-Phenyl-2-p-methoxystyrylquinoline ethiodide, prepared from 4- 
phenylquinaldine ethiodide, separates from alcohol in orange-brown 
needles, m. p. 247°. The salt is sparingly soluble in alcohol, acetone, 
and hot water to give bright yellow solutions which dye tannin- 
mordanted cotton or silk bright yellow shades which are unaffected 
by dilute mineral acids or alkali (Found : C, 63-0; H, 5-0. C,,H,,ONI 
requires C, 63-3; H, 49%). 

4: 4'-Diphenyl-1 : 1'-dimethyl-2 : 2’-carbocyanine Iodide.—A solu- 
tion of 4-phenylquinaldine methiodide (4-3 g.) in acetic anhydride 
(90 ¢.c.) was maintained together with ethyl] orthoformate (3 g.) 
just below its boiling point for 20 minutes; the whole rapidly 
attained a bright green colour and fine needles quickly separated. 
The pure salt crystallised from alcohol in brownish-green felted 
needles with a gold reflex, and is sparingly soluble in water and 
alcohol. The reaction proceeds less satisfactorily when pyridine 
is employed in place of acetic anhydride as solvent (Found : N, 4-9. 
C,;Ho NaI requires N, 4-6%). 

The corresponding 4 : 4’-diphenyl-1 : 1'-diethyl-2 : 2'-carbocyanine 
vodide (1) is similar in appearance but is somewhat more soluble in 
alcohol (Found: N, 4-5. C,,H,,N,I requires N, 4-4%). 

4: 4'-Diphenyl-2 : 2’-divinylenediquinoline 1 : 1'-Dimethiodide.—A 
solution of 4-phenylquinaldine methiodide (3-5 g.) in dry pyridine 
was boiled for 2 hours under reflux with glyoxal (0-6 g.). The 
solution quickly acquired an intense purple-red colour, and the salt 
separated on cooling. It crystallised from pyridine in dark greenish- 
brown metallic lustrous needles difficultly soluble in water, more 
soluble in alcohol, in which it forms an intense bluish-red solution. 
It dyes wool and silk full deep red shades (Found: N, 3°8. 
CygHyN,I, requires N, 3-8%). 

The corresponding diethiodide forms deep red plates with a green 
metallic reflex (Found: N, 3-8. C,,H,,N,I, requires N, 3-6%). 

2 : 2'-Divinylenediquinoline 1 : 1'-diethiodide (VIII) was prepared 
in an analogous manner from quinaldine ethiodide. The salt 
crystallised from alcohol in minute, dark red plates. Attempts 
to prepare this compound in acetic anhydride solution were un- 
successful (Found: N, 4-7. C,,H,,N,I, requires N, 4:5%). 

Quinaldine isoPropiodide.—A solution of quinaldine (10 g.) and 
isopropy! iodide (10 g.) in dry benzene was refluxed on the water- 
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bath for several days, the salt being gradually deposited on the 
sides of the flask. It crystallised from absolute alcohol (charcoal) 
in cream-coloured needles, m. p. 163—165° (decomp.) (Found : 
N, 4:7. C,,H,,NI requires N, 4-4%). 

1 : 1'- Diisopropyl-2 : 2'-carbocyanine Iodide.—Quinaldine iso- 
propiodide (4 g.) in acetic anhydride (25 c.c.) was treated with 
ethyl orthoformate (4 c.c.), which was added during 10 minutes, 
the solution being maintained just below its boiling point. After 
a further 4 hour, the solution was allowed to cool; the salt then 
separated in bluish-green needles and was recrystallised from 
acetone (Found: N, 5-7. C,,H a NI requires N, 5-5%). 

4-Phenyl-2-3’-indolylvinylquinoline Methiodide (IX).—4-Phenyl- 
quinaldine methiodide (3-5 g.) and indole-3-aldehyde (1-5 g.) were 
dissolved in alcohol (20 c.c.) together with 2 drops of piperidine 
and the solution was gently boiled under reflux for 2 hours; the 
salt, which was gradually deposited, crystallised from alcohol in 
red-brown crystals, m. p. 252° (decomp.) (Found: N, 5-8. C,,H,,N,I 
requires N, 5-7%). 

4-Phenyl-2-3'-indolylvinylquinazoline methiodide was prepared 
in an analogous manner. It separated from alcohol in reddish- 
brown needles, m. p. 238° (decomp.), and dissolved in water to a 
brick-red solution (Found: N,8-7. C,,;H,)N,I requires N, 86%). 

7-Methoxy-2-phenyl-3-methyl-4-3'-indolylvinylbenzopyrylium Chlor- 
ide (X).—A solution of 7-methoxy-2-phenyl-3 : 4-dimethylbenzo- 
pyrylium chloride (3 g.) (Heilbron and Zaki, loc. cit.) and indole- 
3-aldehyde (2 g.) in alcohol (200 c.c.) was gently boiled on a water- 
bath for 2 hours. The salt, which separated from the cold, deep 
purple solution, was crystallised from alcohol, forming bluish metallic 
needles readily soluble in alcohol, sparingly soluble in water (Found : 
N, 3:7. CygH.0,NCl requires N, 3-2%). 

4-Phenyl-2 : 6-pp’-tetramethyldiaminodistyrylpyrylium Ferrichlor- 
ide.—_4-Pheny]-2 : 6-dimethylpyrylium perchlorate (8 g.) (Baeyer 
and Piccard, Annalen, 1911, 384, 208) was converted into the base 
by shaking with ether and dilute sodium carbonate solution. The 
dark red ethereal layer (300 c.c.) was separated, dried over anhydrous 
sodium sulphate, and treated with dry hydrogen chloride until no 
further red oil separated. After decantation of the ether, the oil 
was dissolved in absolute alcohol (30 c.c.), p-dimethylaminobenz- 
aldehyde added, and the whole gently heated; the colour changed 
from deep red to blue-green (10 mins.). Treatment of the hot 
solution with hydrated ferric chloride precipitated the double salt 
as an oil which solidified on cooling ; it was purified by crystallisation 
from acetone. The ferrichloride forms deep purple needles with a 
bronze reflex ; it is readily soluble in acetone to a blue-green solution 
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which on dilution with water attains a pure green colour (Found: 
N, 4:3. C3,H,,ON,Cl,Fe requires N, 43%). 

The absorption spectra recorded above are, in all cases, those of 
spirit solutions. To test for sensitising properties, gelatino-bromide 
photographic plates were bathed in dilute aqueous-alcoholic solu- 
tions of the dyes before exposure in the spectrograph. 


We are greatly indebted to Mr. O. F. Bloch for providing the 
sensitising and absorption spectra, to Messrs. Ilford Limited for 
permission to publish that part of the work which was carried out 
in their laboratories, and to Dr. F. Irving for help in the experi- 
mental work. One of us (J. H. R.) desires to thank Imperial 
Chemical Industries Ltd., and another (H. N. W.) the Department 
of Scientific and Industrial Research, for grants covering the period 
of this investigation. 
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35. Dicarbocyanines. A New Series of Cyanine 
Dyes. 


By Srantey Bearrtiz, Istpor Morris Hemsron, and FRANCIS 
IRVING. 


A stupy of the absorption spectra of the cyanine dyes reveals that 
an increase in the length of the polymethine chain effects a move- 
ment of the absorption band towards the red end of the spectrum. 
Thus, whereas 1 : 1’-diethyl-4-cyanine iodide (I) has the head of its 
main absorption band at 520 my, 1 : 1’-diethyl-2 : 2’-carbocyanine 
iodide (II) has its absorption maximum at 607 my. Similar results 
are noted on comparing the absorption spectra of the isocyanines 
and 2:4’-carbocyanines (compare Bloch and Hamer, Phot. J., 
1928, 68, 21). It is therefore to be anticipated, as pointed out by 
the above authors, that if the heterocyclic nuclei could be linked 
by a five-carbon chain, whereby “ dicarbocyanines ” would result, 
the dyes in this case would show absorption maxima either in the 
extreme red or in the near infra-red. That this is actually the case 


(I.) fits 2 <CH-C (I1.) 
Ora IO) 9 guineas 
Et NEt Et 
—— —— 


I 


is shown in the present paper where details of the preparation and 
properties of various types of this new class of cyanine dyes are given. 
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It is obvious that the required five-carbon chain giving respectively 
2 : 2’-dicarbocyanines and 4 : 4’-dicarbocyanines could theoretically 
be introduced by the condensation of two molecules of quinaldine 
or lepidine alkyl halide with either one molecule of malondialdehyde 
or a suitable acraldehyde derivative such as $-ethoxyacraldehyde 
acetal. One possible member of this series has indeed been men- 
tioned by K6nig (Ber., 1922, 55, 3309) without its method of prepar- 
ation being indicated. Owing, however, to the comparative 
inaccessibility of the aliphatic initial materials we have, for the 
present, utilised the more readily obtainable derivatives of bromo- 
and chloro-malondialdehydes, especially «-bromo(or chloro)-8- 
anilinoacraldehyde anil, PhN°CH-CBr:CH-NHPh, which compound 
results when mucobromic acid, CHO-CBr:CBr-CO,H (Simonis, Ber., 
1899, 32, 2084) is treated with aniline in alcoholic solution (Dieck- 
mann and Platz, Ber., 1904, 37, 4638). 

Dicarbocyanines.—By the interacticn of quinaldine ethiodide with 
a-bromo-f-anilinoacraldehyde anil in pyridine solution in presence 
of excess of piperidine, 11-bromo-1 : 1’-diethyl-2 : 2’-dicarbocyanine 
iodide (III) is formed as a blue-green dye. The use of pyridine 
alone as condensing agent, which proved so successful for the 
preparation of carbocyanines (Hamer, J., 1927, 2796), did not give 
satisfactory results in this series. 


(IIT.) La ‘ —COP— =~ 
o8 CH=CH-CBr=CH on X) 
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The absorption maximum of this compound (700 my) is much 
nearer the red limit of the visible spectrum than that of 1 : 1’-diethyl- 
2 : 2’-carbocyanine iodide (607 my). Like many other members of 
this group, the dye acts as a powerful photographic sensitiser with 
maximum action at 755 my, this being, as anticipated, considerably 
nearer the red end of the spectrum than that of the corresponding 
earbocyanine, which, having a shorter conjugated chain linking the 
quinoline nuclei, has its sensitising maximum at 640 muy. 

With lepidine ethiodide, 11-bromo-1 : 1’-diethyl-4 : 4’-dicarbo- 
cyanine iodide (IV) is formed; with a still longer conjugated chain 


(IV.) \_ ogee = A 
I ta yy CH-CH-CBr-CH-CH: , NEt 


uniting the two nitrogen atoms, the absorption maximum is found 
at 800 my, while the sensitising effect appears at 840 mu. 
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4-Phenylquinaldine and «-bromo-f-anilinoacraldehyde anil hydro- 
bromide yield 11-bromo-4 : 4’-diphenyl-1 : 1’-diethyl-2 : 2’-dicarbo- 
cyanine todide (V) as a green dye with absorption maxima at 730 my 
and 700 my respectively. The presence of the 4 : 4’-phenyl groups 


Ph Ph 
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Et NEt 
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I 
largely decreases its sensitising action, a further demonstration of 
the harmful effect of these groups on this property (compare 
preceding paper). 

Thiodicarbocyanines.—10 - Bromo-1: 1’ - diethylthiodicarbocyanine 
iodide (VI) has been obtained by condensing 1-methylbenzthiazole 
ethiodide with «-bromo--anilinoacraldehyde anil hydrobromide 
in acetic anhydride solution in presence of potassium acetate. 
That the same rule regarding the movement of the absorption 
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maximum with an increase in the length of the polymethine 
chain holds in the thiocyanine series has already been shown by 
Bloch and Hamer (loc. cit.); and it can now be extended to the 
new thiodicarbocyanine dye, which has its absorption and sensitising 
maxima at 645 my and 690 my respectively as compared with 559 
my and 580 my for 1 : 1’-diethylthiocarbocyanine iodide. 

Indodicarbocyanines.—When 1 : 2: 3 : 3-tetramethylindoleninium 
iodide is condensed with a-bromo-f-anilinoacraldehyde anil, 
10-bromo-1 : 1’: 3:3: 3 : 3’-hexamethylindodicarbocyanine iodide 
(VII) is produced. This reaction proceeds with great readiness and 
the conditions may be widely varied. The new dye, in striking 
contrast to the scarlet 1:1’:3:3: 3’ : 3’-hexamethylindocarbo- 
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cyanine (Astraphloxine F.F.), is deep blue (maximum absorption 
645 my), a visible demonstration of the movement of the absorption 
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band towards the red end of the spectrum with increasing 
conjugation. 

Oxadicarbocyanines.—10 - Bromo - 1 : 1’-diethyloxadicarbocyanine 
iodide (VIII) has been prepared by a method analogous to that 
employed for the corresponding thiodicarbocyanine dye, The 
corresponding chloro-derivative, prepared from a-chloro-(-anilino- 
acraldehyde anil, has its chief absorption maximum at 580 my and 
acts as a fair photographic sensitiser showing its maximum sensi- 
tising action at 615 my with a less marked maximum at 560 my. 


( LA ? 
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A comparison of the halogenodicarbocyanines with the corre- 
sponding carbocyanines shows that the introduction of the further 
vinyl group causes, for each group, a regular displacement of the 
main absorption maximum towards the red region of approximately 
92 mu and of the main sensitising maximum of approximately 
103 my. It has also been noted that whereas replacement of the 
quinoline nuclei by the other heterocyclic nuclei gives dyes producing 
brighter and more pleasing shades when applied to fabrics, the 
former products have vastly superior sensitising values. 

When mucobromic acid is treated with sodium nitrite, the sodium 
derivative of nitromalondialdehyde is formed, and this on treatment 
with aniline yields «-nitro-8-anilinoacraldehyde anil (compare Hill 
and Torrey, Amer. Chem. J., 1899, 22, 91; Hale and Honan, 
J. Amer, Chem. Soc., 1919, 41, 770), from which nitro-dicarbo- 
cyanines have been prepared. These react quite differently from 
either the halogeno-dicarbocyanines or the normal carbocyanines. 
Thus 11-nitro-1 : 1’-diethyl-2 : 2’-dicarbocyanine iodide possesses two 
wide absorption bands with maxima at 490 mp and 580 my and does 
not sensitise photographic emulsions but possesses slight desensi- 
tising properties, Since it is affected by alkalis, however, the latter 
property is not shown in presence of the developer. The effect of 
the introduction of a nitro-group into the polymethine chain is thus 
analogous to that noted by Mills and Hamer (J., 1920, 117, 1550), 
who by the action of nitric acid on 1 : 1’-diethy]-2 : 2’-carbocyanine 
iodide obtained a dinitro-derivative containing both nitro-groups 
in the polymethine chain. This substance had no sensitising 
properties but was a strong desensitiser, its action being, however, 
destroyed by the weak alkali of the developer (Hamer, Phot. J., 
1928, 69, 409). 
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EXPERIMENTAL. 

Mucochloric Acid.—This compound has already been described 
by Simonis (loc. cit.), who, however, gives only scanty details of 
the preparation. The following method results in a 65% yield of 
thescompound. A mixture of furfuraldehyde (20 g.) and concen- 
trated hydrochloric acid (800 c.c.) contained in a 3 litre flask was 
treated with finely powdered manganese dioxide (120 g.), added in 
20 g. portions so as to maintain a vigorous evolution of chlorine. 
The first portion of manganese dioxide dissolved without the applic- 
ation of heat being necessary, but during the subsequent additions 
the flask was gently warmed. After all the manganese dioxide had 
dissolved, the solution was boiled. for 15—20 minutes, a further 
portion of manganese dioxide (20 g.) being added gradually during 
this period. The clear solution was allowed to cool, and the muco- 
chloric acid isolated by repeated ether extraction. The crude 
mucochloric acid separated on removal of the solvent and crystallised 
from boiling water in colourless plates, m. p. 127°. 

The derivatives of the mucochloric and mucobromic acids used 
in this work were prepared by the methods of Dieckmann and Platz 
(loc. cit.). In the case of «-bromo-$-anilinoacraldehyde, however, 
we find the melting point to be 164° and not 184° as recorded by 
these authors. 

10-Bromo-1 : 1’: 3:3: 3’ : 3’-hexamethylindodicarbocyanine Iodide 
(VII).—A hot solution of «-bromo-§-anilinoacraldehyde anil (1 g.) 
and 1: 2:3: 3-tetramethylindoleninium iodide (1 g.; 1 mol.) in 
absolute alcohol (15 c.c.) was treated with a solution of the free 
methylene base prepared from an equal amount of the indoleninium 
salt in absolute alcohol (10.c.c.). The colour of the solution gradually 
changed from brown to blue and the reaction was completed by 
heating under reflux for 1 hour. The dye, which separated on 
cooling, was repeatedly crystallised from acetone, forming dark 
green crystals having a metallic reflex. It dissolves in acetone, 
alcohol, and water, giving intense blue solutions with a faint red 
fluorescence. The dye may be applied from a neutral bath to 
natural silk, wool, or tannin-mordanted cotton, brilliant blue shades 
being obtained (Found: N, 5-0. C,,H,9N,BrI requires N, 48%). 

The dye has also been prepared by the interaction of tetramethyl- 
indoleninium iodide with either «-bromo-§-anilinoacraldehyde or 
mucobromic acid in presence of the calculated amount of potassium 
acetate necessary to absorb the acid set free during the reaction. 

10-Chloro-1 : 1’ : 3: 3:3’ : 3’-hexamethylindodicarbocyanine Iodide. 
—tThis dye was prepared in a similar manner to the corresponding 
bromo-compound, except that acetic anhydride, in which the reaction 
is more rapid, was used as solvent. Alternatively a mixture of 
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1: 2:3: 3-tetramethylindoleninium iodide (1 g.; 2 mols.), «-chloro- 
g-anilinoacraldehyde anil hydrochloride (1 mol.) and anhydrous 
potassium acetate (2 mols.) in alcohol (20 c.c.) may be heated 
together under reflux. 

The dye separates from alcohol in bright green crystals with a 
gold reflex, m. p. 240—241° (decomp.). Its solutions resemble those 
of the bromo-dye, and the dyeings are also similar (Found : N, 5-1. 
Cy,HggN,CII requires N, 5-1%). 

10-Chloro-3 : 3 : 3’ : 3’ - tetramethyl-1 : 1’ - diethylindodicarbocyanine 
Iodide.—A solution of 2 : 3 : 3-trimethyl-1-ethylindoleninium iodide 
(1-0 g.), «-chloro-$-anilinoacraldehyde anil hydrochloride (0-54 g.), 
and anhydrous potassium acetate (0-31 g.) in acetic anhydride 
(15 c.c.) was heated under reflux for 1 hour. The dye crystallised 
from boiling alcohol in fine green needles having a bronze reflex. 
The corresponding chloride, obtained by heating the free trimethy]- 
indolenine base with the anil hydrochloride, is similar in appearance 
but more soluble in water (Found: N, 6-1. C,gH,,N,Cl, requires 
N, 5-8%). 

10-Nitro-1 : 1’: 3:3: 3’ : 3’-hexamethylindodicarbocyanine Iodide. 
—A solution of 1 : 2 : 3 : 3-tetramethylindoleninium iodide (2-25 g.), 
1:3: 3-trimethyl-2-methyleneindolenine (1-3 g.), and «a-nitro-8- 
anilinoacraldehyde anil (2 g.) in absolute alcohol (30 c.c.) was 
heated under reflux for 40 minutes. The dye, which separated on 
cooling, crystallised from acetone in dark brown crystals with a 
gold reflex. Concentrated solutions of the dye in alcohol or acetone 
are blue but change to deep red on dilution. This dye gives dull 
red colours on wool and tannin-mordanted cotton (Found : N, 7-6. 
C,,Hs,0,N,I requires N, 7-6%). 

11-Chloro-1 : 1’-diethyl-2 : 2’-dicarbocyanine Iodide.—A solution of 
quinaldine ethiodide (2 g.) and «-chloro-$-anilinoacraldehyde anil 
(0-85 g.) in pyridine (7 c.c.) together with piperidine (0-3 c.c.) was 
heated under reflux for 1 hour. The dye which separated from the 
deep blue cold solution was crystallised from alcohol, separating in 
small green crystals having a bronze reflex, m. p. 228—230° 
(decomp.). The dye is only moderately easily soluble in acetone 
and alcohol and sparingly soluble in water, giving light blue solu- 
tions. It dyes silk and wool somewhat dull greenish-blue shades 
(Found: N, 5-3. C,,H,,N,Cli requires N, 5-2%). 

The corresponding 11-bromo-1 : 1’-diethyldicarbocyanine iodide 
(III), prepared from quinaldine ethiodide and «-bromo-f-anilino- 
acraldehyde anil, is similar in all respects (Found: N, 4:7. 
C,,H,,N,BrI requires N, 4-8%). 

11-Nitro-1 : 1’-diethyl-2 : 2’-dicarbocyanine Iodide.—A solution of 
quinaldine ethiodide (1-0 g.) and a-nitro-$-anilinoacraldehyde anil 
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(0-44 g.) in pyridine (5 c.c.) was gently boiled in presence of 
piperidine (0-2 ¢.c.) for 1 hour. The dye which separated from the 
cold solution was crystallised from acetone, forming dark brown 
crystals sparingly soluble in alcohol and water, giving blue solutions 
which became bluish-red on dilution. It gives dull red shades on 
silk, wool, and tannin-mordanted cotton (Found: N, 7:6, 
C,,H,,0,N,I requires N, 7-6%). 

10-Chloro-1 : 1’-diethyloxadicarbocyanine Iodide.—This compound 
is difficult to prepare and the following method is the only 
one from which satisfactory results have been obtained. 1-Methyl- 
benzoxazole ethiodide (1 g.) was added during 5 minutes, with 
constant stirring, to a boiling solution of «-chloro-f-anilino- 
acraldehyde anil (0-44 g.) and anhydrous potassium acetate (0-17 g.) 
in acetic anhydride (10 c.c.) contained in a small open beaker. 
Heating was then discontinued and the oxadicarbocyanine iodide, 
which separated on cooling from the dark red solution, was crystal- 
lised from acetone, forming greyish-green crystals, m. p. 214—215° 
(decomp.). The salt is sparingly soluble in water, more soluble in 
alcohol and acetone, giving bluish-red solutions with an intense red 
fluorescence. It gives brilliant reddish-purple shades on natural 
silk, wool and tannin-mordanted cotton (Found: N, 5:3. 
C,3H,.0,N,CII requires N, 5-4%). 

The corresponding bromo-dye (VIII) requires for its preparation 
a larger proportion of acetic anhydride. The separation of the dye, 
which is similar in all respects to the chloro-analogue, was assisted 
by the addition of alcohol at the end of the reaction. 

10-Chloro-1 : 1’-diethylthiodicarbocyanine Iodide.—1-Methylbenz- 
thiazole ethiodide (1 g.) was added gradually with stirring to a 
boiling solution of «-chloro-f-anilinoacraldehyde anil (0-5 g.) and 
anhydrous potassium acetate (0-18 g.) in acetic anhydride (10 c.c.). 
The solution attained a deep blue colour and was allowed to cool 
immediately the addition of the benzthiazole salt had been com- 
pleted. The dye crystallised from acetone in bluish-green crystals 
having a bronze reflex, m. p. 233—234° (decomp.). The thiodi- 
carbocyanine iodide is sparingly soluble in water, moderately easily 
soluble in alcohol and acetone, the deep blue solutions showing a 
slight red fluorescence. From neutral baths, it may be applied to 
wool, natural silk, and tannin-mordanted cotton, brilliant blue 
shades being obtained (Found: N, 5-1. C,,H,,N,CIIS, requires 
N, 5-1%). 

The corresponding 10-bromo-1 : 1’-diethylthiodicarbocyanine iodide 
is similar in all respects. At normal concentrations the salt 
has only a slight sensitising effect, but this increases at very high 
dilutions (Found: N, 4-8. C,,H,.N,BrIS, requires N, 4-7%). 
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11-Chloro-4 : 4’-diphenyl-1 : 1’-diethyl-2 : 2’-dicarbocyanine Iodide. 
—4-Phenylquinaldine ethiodide (3-75 g.) was added slowly to a solu- 
tion of «-chloro-8-anilinoacraldehyde anil (1-3 g.) and anhydrous 
potassium acetate (0-48 g.) in boiling acetic anhydride. Thesolution, 
which immediately became bright green, was gently refluxed for 
1} hours; the dye then began to separate. Purification was effected 
by repeated extraction with boiling acetone, in which the salt is 
sparingly soluble, green crystals with a golden reflex being obtained. 
Owing to the sparing solubility of this product in water, its use as 
a dye is difficult, but good green shades can be obtained on natural 
silk (Found: N, 4:2. Cj 9H,,N,CII requires N, 40%). 

11-Bromo-4 : 4’-diphenyl-1 : 1’-diethyl-2 : 2’-dicarbocyanine Iodide 
(V).—A solution of 4-phenylquinaldine ethiodide (3-0 g.) and 
«-bromo-$-anilinoacraldehyde anil hydrobromide (1-7 g.) in hot 
pyridine (20 c.c.) was treated with piperidine (0-9 c.c.) and heated 
for 3 hours on a boiling water-bath. The pyridine was removed 
under reduced pressure, and the residue dissolved in boiling absolute 
alcohol, from which the pure salt separated on cooling in fine green 
needles, sparingly soluble in alcohol or acetone to bright green 
solutions which became blue-green on dilution with water (Found : 
N, 3-9. C,,H,,N,BrI requires N, 3-8%). 

11-Chloro-1 : 1’-diethyl-4 : 4’-dicarbocyanine Iodide.—A_ solution 
of «-chloro-f-anilinoacraldehyde anil (0-9 g.) and anhydrous 
potassium acetate (0:5 g.) in the minimum quantity of hot acetic 
anhydride contained in a small beaker was treated with lepidine 
ethiodide (2-0 g.), added during 5 minutes. The solution rapidly 
acquired a brownish-green colour, and the product separated without 
further heating being required. After being washed with ether, 
the salt was crystallised from alcohol, dark green plates with a 
golden reflex separating from the bright green solution. In pre- 
paring this compound it is necessary to follow precisely the above 
method, otherwise brown decomposition products result (Found : 
N, 5-1. C,,H,,N,CII requires N, 5-2%). 

11-Bromo-1 : 1’-diethyl-4 : 4’-dicarbocyanine Iodide (IV).—A solu- 
tion of lepidine ethiodide (2 g.) and «-bromo-$-anilinoacraldehyde 
anil hydrobromide (1-45 g.) in warm dry pyridine (15 c.c.) was 
treated with piperidine (1-5 c.c.). A deep bluish-red colour was 
immediately formed, changing to deep purple after 2 minutes’ boil- 
ing. The pure product commenced to separate at this stage in 
small green plates having a brilliant golden reflex. The salt is 
sparingly soluble in alcohol and acetone, giving deep green solutions. 
Attempts to prepare this dicarbocyanine with acetic anhydride as 
solvent failed: the large excess of piperidine is also necessary 
(Found: N, 4:7. C,,H,,N,BrI requires N, 4-8%). 
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36. Studies in the Sterol Group. Part XI. The 
Formation of Ethers of Lrgosterol and its 
Derivatives. 


By Istpor Morris Hemsron and James CHARLES EDWARD 
Srmpson. 


ALTHOUGH many esters of ergosterol have been prepared (compare 
Reindel, Walter, and Rauch, Annalen, 1927, 452, 34; Windaus and 
Rygh, Nach. Ges. Wiss. Gottingen, 1928, 202; Bills and Honeywell, 
J. Biol. Chem., 1928, 80, 15), its ether oxides have not hitherto been 
described. In the case of cholesterol Diels and Blumberg (Ber., 
1911, 44, 2847) were able to prepare various ethers by the action of 
magnesium alkoxides on cholesteryl chloride, but this method cannot 
be applied to ergosterol owing to inability to isolate the corresponding 
ergosteryl chloride. Other methods had consequently to be sought. 
Attempts to prepare methoxyergostatriene by the usual methylation 
process with methyl] sulphate and alkali proved unsuccessful. With 
a large excess of methy] iodide and with silver oxide prepared by the 
aid of baryta and well washed, partial methylation was effected 
after 70 hours’ heating under reflux. The process was improved to 
give high yields of methoxyergostatriene by the use of “ activated ” 
silver oxide (compare Haworth, Hirst, and Miller, J., 1929, 2469) 
together with a small quantity of added sodium hydroxide. Em- 
ploying this procedure, we have also succeeded in obtaining ethoxy- 
ergostatriene, methoxy-«-ergostadiene from «-dihydroergosterol, and 
methoxy-«-ergostene from «-ergostenol. 

A second method giving satisfactory results was an adaptation of 
that used by Obermiiller, who obtained benzyloxycholestene (chol- 
esteryl benzyl ether) by the action of benzyl chloride upon sodium 
cholesteryloxide (Z. physiol. Chem., 1891, 15, 44). By acting upon 
potassium ergosteryloxide, which was prepared by a method similar 
to that used by Bose and Doran (J., 1929, 2244) for the preparation 
of potassium cholesteryloxide, with methyl iodide, methoxyergo- 
statriene, identical in properties with the compound prepared by 
direct alkylation, was readily obtained. The latter method has the 
advantage of being much quicker than the silver oxide one, but 
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the yields are somewhat lower. The interaction of hot benzyl 
chloride with potassium ergosteryloxide leads smoothly to the 
formation of benzyloxyergostatriene, m. p. 134—135°. 

Methoxyergostatriene.—The pure ether, m. p. 151—152°, gives the 
same colour reactions with antimony trichloride and also with the 
Rosenheim and Tortelli—Jaffé reagents as ergosterol itself. On 
treatment with dry hydrogen chloride an isomeric methoxyergo- 
statriene, m. p. 116°, is produced which, unlike the isoergosterol 
prepared in this manner from ergosterol (Reindel, Walter, and 
Rauch, loc. cit.), appears from its preliminary examination to be a 
single substance (compare Heilbron and Spring, J., 1929, 2807; 
Windaus, Dithmar, Murke, and Suckfiill, Annalen, 1931, 488, 91). 
On treatment with mercuric acetate, methoxyergostatriene is 
smoothly dehydrogenated to methoxydehydroergostatriene, m. p. 106°, 
[a]? + 166°, a reaction which proves that in the conversion of ergo- 
sterol into dehydroergosterol (Windaus and Linsert, Annalen, 1928, 
465, 148) the >CH-OH group cannot be intermediately involved. 

The absorption spectrum of methoxyergostatriene is practically 
indistinguishable from that of pure ergosterol, maxima at 293, 
281-5, 271 and 262 my being clearly observed. Irradiation of the 
material in alcohol has been carried out under the same conditions 
as those employed by Morton, Heilbron, and Kamm (J., 1927, 
2001) in the case of ergosterol, whereby the same changes in absorp- 
tion occur. After 5 hours a clear maximum at about 247 my is 
observed, while the much over-irradiated solution shows only feeble 
general absorption. 

In view of these results it seemed a matter of importance to ascer- 
tain whether methoxyergostatriene acquired antirachitic properties 
on irradiation. Samples of the pure material were submitted for 
physiological test to both Professor J. C. Drummond and Mr. A. L. 
Bacharach, to whom we desire to express our thanks. Comparison 
of the degree of activation was made against ergosterol irradiated 
under exactly the same conditions. The results obtained by 
Professor Drummond show that with 0-ly of the irradiated ether 
no antirachitic potency is developed, whereas irradiated ergosterol 
in this dose gives almost complete cure. At higher dosage (5y) 
Professor Drummond, using the X-ray test, reports that there is 
some evidence of partial cure, a result possibly attributable to slight 
breaking down of the ether during irradiation with loss of methoxy]. 
Mr. Bacharach, employing the methyl, ethyl, and benzyl ethers and 
using both the line-test and also the method of bone analysis, reports 
that at all the doses tested (0-05y, 0-ly, and 0-15y) the ethers have 
developed little, if any, antirachitic activity on irradiation. It is 
thus clear that, compared with the antirachitic potency of ergo- 
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sterol, that of the methoxy-derivative is negligible. These results 
are in agreement with the observations of Windaus and Rygh (loc. 
cit.), who have shown that the irradiated esters of ergosterol are 
inactive at normal ‘dosage. As, however, the sterol obtained on 
hydrolysis of the irradiated esters was found to be highly active, 
these authors conclude that the secondary alcohol group must be 
present unimpaired in vitamin-D itself, a result also borne out by 
the present investigations. 

Methylation of «-ergostenol with activated silver oxide and methyl 
iodide gives methoxy-«-ergostene, m. p. 56°, which with dry hydrogen 
chloride isomerises to methoxy-B-ergostene, m. p. 100°. 

Work is at present being undertaken on the oxidation of these 
ethers in the hope of elucidating the position of the ethenoid 
linkages. 


EXPERIMENTAL. 


Methoxyergostatriene.—Silver oxide method. A solution of ergo- 
sterol (20 g.) in methyl iodide (150 c.c.) was heated under reflux 
with silver oxide (prepared with sodium hydroxide, 60 g.) together 
with added powdered sodium hydroxide (0-2 g.) for 70 hours. The 
excess of methyl iodide was removed, and the residue repeatedly 


extracted with chloroform. After concentration of the chloroform 
solution to 25—30 c.c. methoxyergostatriene was precipitated by 
addition of methyl alcohol and purified by recrystallisation from 
ethyl acetate-alcohol, from which it separated in large laminz, 
m. p. 151—152°, [«]#’ — 114° (¢c = 2-4 in chloroform). It is 
insoluble in methyl alcohol, sparingly soluble in cold ethyl alcohol 
and acetone, and readily soluble in chloroform and hot benzene. 

Potassium salt method. A solution of ergosterol (5 g.) in benzene 
(35 c.c.) was added to potassium (1-2 g.) emulsified in benzene 
(30 c.c.), and the mixture continuously shaken in the warm for 
2 hours to ensure complete formation of the potassium ergosteryl- 
oxide. Methyl iodide (20 c.c.) was then added and the brown semi- 
solid mass was gently refluxed for 3 hours, during which period the 
dark colour gradually disappeared with formation of a precipitate 
of potassium iodide. The cold mixture was diluted with ether and 
shaken with water, and the separated benzene-ether layer dried and 
concentrated; crude methoxyergostatriene then separated (m. p. 
147—148°) and was purified as described above [Found (micro) : 
C, 84:8; H, 11:2; OMe, 7-8. C,,H,,0 requires C, 84-8; H, 11:1; 
OMe, 7-8%]. 

Benzyloxyergostatriene.—Potassium ergosteryloxide (5 g. of ergo- 
sterol), prepared as described above, was refluxed on the water-bath 
for 7 hours with benzyl chloride (30 ¢.c.). The mixture was diluted 
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with its own volume of ether, washed with water, concentrated to 
small bulk, and mixed with 2—3 volumes of alcohol. After standing 
over-night at 0°, the separated crude material (m. p. 126—129°) 
was crystallised first from ethyl acetate and then from acetone. 
Benzyloxyergostatriene forms fine silky needles, m. p. 134—135°, 
[«]5° — 61° (c= 1-59 in chloroform), and is readily soluble in 
chloroform, moderately so in alcohol, acetone, and ethyl acetate. 
Its colour reaction with antimony trichloride is similar to that of 
the free sterol, as is also its absorption spectrum [Found (micro) : 
C, 86-3; H, 10-6. C,,H,,0 requires C, 86-4; H, 10-2%]. 

Ethoxyergostatriene.—Ergosterol (7 g.) was dissolved in ethyl 
iodide (90 c.c.) and refluxed for 70 hours with silver oxide (26 g.) 
and powdered sodium hydroxide (0:2 g.). The reaction mixture 
was then worked up as described in the case of the methyl ether. 
Pure ethoxyergostatriene crystallises from acetone in microscopic 
needles, m. p. 123—124°, [«}#° — 111° (ce = 1-43 in chloroform), 
which are rather more soluble in organic solvents than the methoxy- 
derivative. With antimony trichloride, it gives the same colour 
reaction as ergosterol itself [Found (micro): C, 84:9; H, 11-4 
OEt, 11-1. C,,H,,O requires C, 84-9; H, 11-2; OEt, 11-0%]. 

Methoxydehydroergostatriene.—Methoxyergostatriene (5 g.), dis- 
solved in hot absolute alcohol (600 ¢c.c.), was heated for 3 hours 
under reflux with a solution of mercuric acetate (12 g.) in methyl 
alcohol (75 ¢.c.) and glacial acetic acid (10 c.c.). The yellow solution 
was filtered to remove precipitated material, and the filtrate con- 
centrated under reduced pressure ; the dehydro-ether then separated. 
After repeated crystallisation first from ethyl acetate—methy] alcohol 
and finally from benzene-alcohol methoxydehydroergostatriene was 
obtained in thick needles, m. p. 106°, [«]}f” + 166° (c = 1:57 in 
chloroform), which acquire only a slight yellow colour after long 
standing with antimony trichloride [Found (micro): C, 85:2; 
H, 10-6; OMe, 7:5. C,gH4,O requires C, 85-3; H, 10-7; OMe, 
79%]. 

yi ethoxyisoergostatriene.—A solution of methoxyergostatriene 
(3 g.) in dry chloroform (60 c.c.) was treated with a rapid stream of 
dry hydrogen chloride for 1 hour, the temperature being maintained 
throughout at 0°. The solution was concentrated to 15 c.c. and 
mixed with an equal volume of methyl alcohol: the solid material 
then deposited was repeatedly crystallised from acetone until the 
melting point remained constant. Methoxyisoergostatriene separates 
from acetone in plates, m. p. 116°, [a}p” — 66° (c = 1-95 in chloro- 
form), and shows an absorption band with its head at 247my. Pre- 
liminary attempts to separate this compound into isomerides by 
the method of fractional crystallisation from benzene-alcohol at 0° 
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as carried out by Heilbron and Spring (loc. cit.) with crude isoergo- 
sterol failed to bring about any separation [Found (micro) : C, 84-7; 
H, 11-2; OMe, 7-9. C,,H,,0 requires C, 84-8; H, 11-1; OMe, 
78%]. 

Methoxy-«-ergostadiene.—a«-Dihydroergosterol (3 g.) was methyl- 
ated in the usual manner with methyl] iodide (40 c.c.), silver oxide 
(12 g.), and powdered sodium hydroxide (0-1 g.). After removal of 
the excess of methyl iodide from the filtered solution the crude 
ether was purified by recrystallisation first from ethyl acetate- 
methyl alcohol and finally from acetone. Methoxy-«-ergostadiene 
forms large laminz, m. p. 148°, [«]7” — 22-8° (¢ = 2-59 in chloro- 
form), readily soluble in chloroform but only very sparingly soluble 
in cold methy] and ethyl alcohols, ethyl acetate, and acetone [Found 
(micro): C, 84:3; H, 11-8; OMe, 7-8. C,,H,,0 requires C, 84-4; 
H, 11-6; OMe, 7-8%]. 

Methoxy-«-ergostene.—a-Ergostenol was methylated by the 
activated silver oxide method. The residue remaining after removal 
of the methyl iodide by distillation was thoroughly extracted with 
ether, and the extract, after concentration to small bulk, was mixed 
with an equal volume of industrial alcohol; an oil then separated 
which slowly crystallised in the ice-chest. Methoxy-«-ergostene 
crystallises from ether—methyl alcohol in colourless plates with a 
pearly lustre, m. p. 56°, [«]>’ + 63° (c = 4-75 in chloroform). Itis 
sparingly soluble in methyl alcohol and cold ethyl alcohol, readily 
soluble in other organic solvents, and clearly shows the modified 
Tortelli-Jaffé reaction (Heilbron and Spring, Biochem. J., 1930, 
24, 133) [Found (micro): C, 84:1; H, 11-8; OMe, 7-6. C,,H,,0 
requires C, 84:0; H, 12-0; OMe, 7-8%]. 

When a rapid stream of dry hydrogen chloride was passed into 
an ice-cold chloroform solution of methoxy-«-ergostene, partial 
isomerisation occurred. After removal of the solvent the residual oil 
was mixed with ethyl alcohol and after standing over-night at 0° the 
solid (m. p. 74—79°) which had separated was repeatedly crystallised 
from ether—methyl alcohol, yielding a product melting sharply at 
100°, [«]i" +- 15-3° (¢c = 2-74 in chloroform). Despite the fact that 
further crystallisation failed to raise the melting point, the substance 
is in all probability still contaminated with a small amount of the 
original a-ether, since it gives the modified Tortelli-Jaffé reaction 
in very concentrated solution. The isomerising reaction whereby 

methoxy-$-ergostene is formed only proceeds to the extent of about 
50%, unchanged «-isomeride always being recovered in the filtrates. 
An increase in the time of treatment with hydrogen chloride failed to 
increase the extent of isomerisation. Methoxy-8-ergostene crystal- 
lises from alcohol in plates and from ether—methy] alcohol in trans- 
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lucent needles [Found (micro): C, 84:1; H, 12:2; OMe, 7°6. 
C.,H,,0 requires C, 84-0; H, 12:0; OMe, 7-8%]. 


We desire to express our thanks to Imperial Chemical Industries 
Ltd. for a grant which has defrayed the cost of this investigation. 
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37. The Replacement of Bromine in Bromophenols 
by the Nitro-group. Part II. 3-Fluoro-2:4:6- 
tribromophenol. Some Cases of Growp Migration. 


By Hersert Henry Hopcson and JosEpH NIxon. 


Hopason and Smrrx have already observed (J., 1931, 2268) that 
previous work in this field appeared to indicate that a bromine atom 
in the 4-position to a hydroxyl group becomes labile in the presence 
of nitric acid, but that 3-chloro-2 : 4: 6-tribromophenol was an 
exception in that the 2-bromine atom is replaced by a nitro-group. 

It has now been found that 3-fluoro-2 : 4 : 6-tribromophenol is 
another exception, the 6-bromine atom being displaced by a nitro- 
group with production of 3-fluoro-2 : 4-dibromo-6-nitrophenol. 

In keeping with the above behaviour, 3-fluoro-2-nitrophenol when 
treated with bromine yields 3-fluoro-2 : 4-dibromo-6-nitrophenol 
owing to migration of the nitro-group, whereas 3-fluoro-6-nitro- 
phenol is normally dibrominated to the same product. 


OH OH OH 


Ce Bromination Nor Bromination ©: 
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OH OH OH OH 
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The constitution of 3-fluoro-2 : 4-dibromo-6-nitrophenol was 
established by the ready replacement of the fluorine (1) by hydroxy] 
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by boiling alkali, 2 : 4-dibromo-6-nitroresorcinol being formed, and 
(2) by methoxyl by methyl sulphate and alkali, with formation of 
2 : 4-dibromo-6-nitroresorcinol 3-methyl ether. 

3-Fluorophenol is dibrominated normally in chloroform solution 
to give 3-fluoro-4 : 6-dibromophenol (compare Hodgson and Nixon, 
J., 1929, 2424, for the corresponding dibromination of 3-bromophenol), 
which is nitrated normally to give 3-fluoro-4 : 6-dibromo-2-nitro- 
phenol; the constitution of this was established by its conversion 
by boiling alkali into 4 : 6-dibromo-2-nitroresorcinol. 

The scheme on p. 273 depicts the results obtained. 

As with their chloro-analogues, the sodium salt of 3-fluoro-2-nitro- 
phenol is much more soluble in water than that of 5-fluoro-2- 
nitrophenol. 


EXPERIMENTAL. 


Dibromination of 3-Fluoro-6-nitrophenol.—The phenol (1-5 g.), 
dissolved in alcohol (10 c.c.), was treated with water (6 c.c.) and then 
slowly with bromine (1-2 c.c.) at room temperature. The yellow 
solid which separated was steam-distilled; the volatile 3-fluoro- 
2 : 4-dibromo-6-nitrophenol crystallised from 50% alcohol in long, 
pale yellow needles, m. p. 76° (Found: Br, 51-0. C,H,O,NFBr, 
requires Br, 50-8%). 

Dibromination of 3-Fluoro-2-nitrophenol_—The product obtained 
from this phenol by the above procedure was identical with 3-fluoro- 
2 : 4-dibromo-6-nitrophenol; m. p. and mixed m. p. 76° (Found: 
Br, 50-9%). 

Confirmatory Identification Experiments.—(a) The above dibromo- 
products were separately refluxed for 2 hours with a solution of 
potassium hydroxide (10 g.) in water (100 c.c.). On acidification, a 
product was obtained in each case which, after crystallisation from 
50% alcohol, melted at 151° and was identical (mixed m. p.) with 
the 2: 4-dibromo-6-nitroresorcinol (m. p. 151°) obtained by di- 
bromination of 6-nitroresorcinol (Dahmer, Annalen, 1904, 333, 360, 
gives m. p. 149°) (Found: Br, 51-0 and 51-1. Cale.: Br, 51-1%). 
Qualitative tests failed to detect the presence of fluorine. 

(b) Attempted methylation of 3-fluoro-2 : 4-dibromo-6-nitrophenol. 
This product, when treated in aqueous alkaline solution with methyl 
sulphate, gave 2 : 4-dibromo-6-nitroresorcinol 3-methyl ether, m. p. 
128° (Found: Br, 48-8. C;H,0,N,Br requires Br, 48-9%), identical 
with the product described below. 

Dibromination of 6-Nitroresorcinol 3-Methyl Ether —This substance 
(1 g.), dissolved in alcohol (40 c.c.), was shaken with bromine (1 c.c.), 
gradually added at room temperature. The yellow solid which 
separated was removed, steam-distilled, and crystallised from 50% 
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alcohol, forming yellow needles, m. p. and mixed m. p. with above 
product, 128° (Found : Br, 48-9%). 

Action of Nitric Acid on 3-Fluoro-2 : 4 : 6-tribromophenol.—The 
phenol (1 g.) was added during 30 minutes to nitric acid (15 c.c.; 
d 1-42), the red solution evolving an odour of hypobromous acid. 
After 2 hours, the mixture was poured on ice and the precipitated 
solid was removed and steam-distilled; it then crystallised from 
50% alcohol in yellow needles, m. p. 76° (Found: Br, 50-7%), 
identical with the 3-fluoro-2 : 4-dibromo-6-nitrophenol obtained by 
dibromination of 3-fluoro-2- and -6-nitrophenols respectively. 

Dibromination of 3-Fluorophenol.—The substance (2-2 g.), dissolved 
in chloroform (20 c.c.), was treated with shaking during 10 minutes 
with a solution of bromine (2 c.c.) in chloroform (6 c.c.); hydrogen 
bromide was evolved and the solution became hot. The chloroform 
was distilled, and the residual oily 3-flworo-4 : 6-dibromophenol 
frozen; it then crystallised from light petroleum in white needles, 
m. p. 45° (Found: Br, 59-0. C,H,OFBr, requires Br, 59-2%). 

Nitration of 3-Fluoro-4 : 6-dibromophenol.—The phenol (1 g.) was 
gradually added to nitric acid (10 c.c.; d 1-42) at 0°, the mixture 
stirred for 15 minutes at 0° and poured on ice, and the precipitated 
3-fluoro-4 : 6-dibromo-2-nitrophenol steam-distilled; it then crystal- 
lised from 50% alcohol in yellow needles, m. p. 74°, depressed by 
admixture with 3-fluoro-2 : 4-dibromo-6-nitrophenol (Found: Br, 
50:7. C,H,O,NBr,F requires Br, 50-8%). 

Action of Aqueous Potassium Hydroxide on 3-Fluoro-4 : 6-dibromo- 
2-nitrophenol.—The substance (1 g.) was refluxed for 2 hours with 
a solution of potassium hydroxide (10 g.) in water (100 c.c.), and the 
mixture acidified and steam-distilled; 4 : 6-dibromo-2-nitroresor- 
cinol passed over and crystallised from 50% alcohol in bright red 
needles, m. p. and mixed m. p. with an authentic specimen 117° 
(Weselsky and Benedikt, Monatsh., 1880, 1, 895, give m. p. 117°) 
(Found: Br, 50-9. Cale.: Br, 51-1%). 


The authors desire to thank the Imperial Chemical Industries, 
Ltd., for the gift of various chemicals. 


TECHNICAL CoLLEGE, HUDDERSFIELD. [Received, November 20th, 1931.] 
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38. New Derivatives of p-Arsanilic Acid. Part III, 
p-Arsonoglutaranilic Acid and Related Compounds. 


By Gitpert T. Morcan and Eric Watron. 


In continuation of the study of p-arsanilic acid derivatives of the 
general type (I) (J., 1931, 615, 1743) a series of glutaryl derivatives 
has now been prepared. 


AsO,H, AsO,H, AsO,H, 
(I.) (II. 


NH-CO-(CH,],,"CO-NRR’ NH-CO-[CH,],°CO-NH 

Methyl and ethyl hydrogen glutarates with thionyl chloride 
yielded their respective acid chlorides, which condensed with atoxyl 
to give methyl and ethyl p-arsonoglutaranilates (III; R’’ = Me or Et). 
Either the methyl] or the ethyl ester, preferably the former in some 
cases, with ammonia or the appropriate amine gave the amide 
(I; »=3, RR’ = H,)—isolated as ammonium glutaranilamide-p- 
arsonate—, methylamide (R = H, R’ = Me), dimethylamide (RR’ = 
Me,), ethylamide (R = H, R’ = Et), and n-propylamide (R = H, 
R’ = Pr) respectively, but neither the piperidide nor anilide could 
be prepared by similar methods. The anilide (R = H, R’ = Ph) 
was eventually obtained by condensing p-arsanilic acid with glutar- 
anilic acid, but the corresponding diarsonic acid (II) alone was iso- 
lated from the fusion of atoxyl and glutaric acid or anhydride 
owing to the solubility of what is probably the main product, p- 
arsonoglutaranilic acid (III; R’’ =H), in water. To obtain the 
latter acid, the following method was adopted: Reduction of (III; 
R” = Et) and subsequent hydrolysis of the crude dichloride yielded 
in turn ethyl p-arsinoglutaranilate (IV; R’’’ = Et) and p-arsino- 
glutaranilic acid (R’"’ = H), which'was also obtained in smaller yield 
by reversal of the above reactions on (III) with intermediate pro- 
duction of p-dichloroarsinoglutaranilic acid. 


AsO,H, AsO 
(III.) (IV.) 
NH-CO-[CH,],°CO,R” NH:-CO-[CH,],°CO,R’” 
Oxidation of IV (R’’ = H) afforded p-arsonoglutaranilic acid 
(III ; R’ = H), which, in contrast with p-arsonosuccinanilic and 


p-arsonomalonanilic acid (Parts I and II, loc. cit.), is readily soluble 
in cold water. Attempts to prepare the piperidide (I; » = 3, NRR’ 
= Pip.) by way of the anil from (III) were unsuccessful. 
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The sodium salts of many of these derivatives (1) continue to show 
considerable curative activity on mice infected with trypanosomes, 
as is evident from the following summary of results obtained by 
Professor Warrington Yorke, these observations being prolonged 


during 30 days. 
Tr. equip. | Chemother. 


M.L.D., M.C.D., index, 
Sodium salts. mg. per g. mg.perg. M.L.D./M.C.D. 
Ester (TIT; Re’ == Me) .......ccssceccoes 0-5 0-5 1 
Eater (TIT; Be” ax Et) .........0c.00000 0-75 0-75 1 
Amide (as NH, salt I; n = 3) ...... 1-25 1-25 1 
Methylamide (I; m = 38) ..........s000- >5 2 > 2-5 
Dimethylamide (I; m = 3)............ 5 <5 >1 
Ethylamide (I; m = 3)  ....scccccscece 5 0-625 8 
n- Propylamide i 2% . Sa ee >5 1-25 >4 
pa CES WWD cnccsorceses >5 2-5 »2 
. Wd iit BE cpcsenetoaon 5 1-25 4 
Anilide CE Ob an BP? uc ceclevesstabstiseis 0-9 > 0-9 <1 
Diargonic acid (II)  .......ccccccsesecese 1-5 inactive 


M.L.D. = Minimum lethal dose. M.C.D. = Minimum curative dose. 
* These propylamides of the succinyl and malonyl series were described in 
J., 1931, 1747. 
EXPERIMENTAL. 


Methyl and ethyl hydrogen glutarates, prepared from glutaric 
anhydride and the corresponding sodium alkyloxide (compare Mol, 
Rec. trav. chim., 1907, 26, 379), distilled as colourless syrups, b. p.’s 
158°/27 mm. and 170°/34 mm. respectively. 

y-Carbomethoxybutyryl Chloride.—A mixture of methyl hydrogen 
glutarate (9-5 g.) and thionyl chloride (8 c.c.) kept at 20° for 12 
hours and then at 30° for 3 hours, yielded on distillation the acid 
chloride (10 g.), b. p. 110°/30 mm. (Found: Cl, 21-6. C,H,O,Cl 
requires Cl, 21-6%). 

y-Carbethoxybutyryl chloride, prepared in similar manner from 
ethyl hydrogen glutarate, distilled at 110°/20 mm. (Found: Cl, 
20-4. C,H,,0,Cl requires Cl, 19-9%). 

Methyl p-arsonoglutaranilate (III; R’’ = Me) was prepared best 
on a small scale by adding y-carbomethoxybutyry] chloride (0-5 g.) 
to a cold solution of atoxyl (0-9 g.) in N-caustic soda (3-1 c.c.) and 
shaking till clear; the mixture was then poured into an excess of 
hydrochloric acid and ice. The precipitated methyl p-arsono- 
glutaranilate crystallised from hot water, acidified with hydrochloric 
acid, in glistening leaflets, soluble in alcohol (yield, 8 g. from 12 g. of 
atoxyl) (Found: As, 21-1. C,,H,,0,NAs requires As, 21-7%). 
The sodiwm salt is microcrystalline; aqueous solution, pg 7:5 
(Found: As, 20-4. C,,H,,0,NAsNa requires As, 20-4%). 

Ethyl p-arsonoglutaranilate (III; R’’ = Et), prepared in similar 
manner from y-carbethoxybutyry] chloride and atoxyl, crystallised 
from hot water in minute rhombic prisms, readily soluble in alcohol 











278 MORGAN AND WALTON: 


(Found: As, 21-2. C,,;H,,0,NAs requires As, 20:9%). The ill- 
defined sodium salt is very soluble in water; py 8 (Found: As, 
19-75. C,,H,,O,NAsNa requires As, 19-7%). 

Glutaranilamide-p-arsonic Acid (I; n= 3, RR’ = H,).—The 
ammonium salt, prepared by leaving the ester (III; R’’ = Et) in 
excess of concentrated aqueous ammonia for 8 days and slowly 
evaporating the solution, separated as a deliquescent solid, very 
soluble in water; py 5 (Found: As, 20-75; hydrolysable N, 7-6. 
C,,H,,0;N,As,H,O requires As, 20-5; hydrolysable N, 7-7%). 
The free acid was not isolated owing to excessive solubility in water. 

Glutaranilomethylamide-p-arsonic Acid (1; n = - Aglny H, B= 
Me).—A mixture of the ester (III; R’” = Et) ( g.) and 33% 
aqueous methylamine (5 c.c.) was heated at 80° eh 3 ven under 
pressure and acidified with dilute hydrochloric acid. The methyl- 
amide (3-2 g.), which slowly separated, crystallised from water in 
massive rhombic prisms, slightly soluble in alcohol (Found: hy- 
drolysable N, 4:0. C,,H,,0;N,As requires hydrolysable N, 4-1%). 
The sodium salt crystallised from dilute alcohol in minute prisms ; 
Pu 6 (Found: H,O, 6-4. Found in anhydrous salt: hydrolys- 
able N, 3-8. (C,,H,,0;N,AsNa,14H,O requires H,O, 6-9%. 
C,.H,,0;N,AsNa requires hydrolysable N, 3-8%). 

Glutaranilodimethylamide-p-arsonic acid (1; n = 3, RR’ = Me,), 
obtained by leaving a mixture of the ester (III; R’’ = Me) (2 g.) 
and 33% aqueous dimethylamine (5 c.c.) at room temperature for 6 
days, crystallised from hot water in irregular shining leaflets (1-5 g.), 
practically insoluble in alcohol (Found: hydrolysable N, 3:8. 
C,3H,,0;N,As requires hydrolysable N, 3-99). The microcrystal- 
line sodium salt slowly separated from dilute alcohol; py 6-5 
(Found: hydrolysable N, 3-4. C,,;H,,0;N,AsNa,2H,O requires 
hydrolysable N, 3-4%). 

Glutaranilethylamide-p-arsonic acid (I; n= 3, R= H, R’ = Et), 
prepared in the same way by means of 33% aqueous ethylamine, 
crystallised from hot water in small irregular prisms, slightly 
soluble in alcohol (Found: hydrolysable N, 3-7. C,3H,0;N,As 
requires hydrolysable N, 3-9%). The sodium salt is microcrystalline ; 
Pu 6-5 (Found: hydrolysable N, 3-25. C,,;H,,0;N,AsNa,3H,O 
requires hydrolysable N, 3-2%). 

Glutaranilo-n-propylamide-p-arsonic acid (1; n=3, R=H, 
R’ = Pr), obtained from the methy] ester (III) and 33%, n-propyl- 
amine after 21 days, separated from water in minute leaflets 
(Found: hydrolysable N, 3-7. C,,H,,O;N,As requires hydrolys- 
able N, 3-8%). The sodium salt is an indefinitely crystalline solid ; 
Pu 8 (Found: hydrolysable N, 3- 4. C,,H.,0;N,AsNa,H,O requires 
hydrolysable N, 3-4%). 
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Glutaranilic acid was made by stirring together molecular pro- 
portions of glutaric anhydride and aniline at 15° and lixiviating the 
product with dilute hydrochloric acid. The resulting solid was 
treated with dilute alkali, and the filtrate acidified. Glutaranilic 
acid crystallised from water in pearly leaflets, m. p. 128° (compare 
Balbiano and Angeloni, Gazzetta, 1905, 35, i, 150). 

Glutaranilide-p-arsonic Acid (I; n=3, R=H, R’ = Ph).— 
A mixture of p-arsanilic acid (8-8 g.) and glutaranilic acid (8-4 g.) 
was kept at 180° for 30 minutes with occasional stirring, and the 
viscous product lixiviated with warm 0-5N-caustic soda. After 
recrystallisation from alcohol, the residual glutaranilide melted at 
223° (compare Beilstein’s ‘‘ Organische Chemie,” 1929, 12, 298). The 
alkaline filtrate, when acidified with hydrochloric acid, gave the 
arsonic acid, which was purified by reprecipitation from its alkaline 
solution (yield, 3-2 g.). 

Glutaranilide-p-arsonic acid, a microcrystalline solid, was slightly 
soluble in water and readily so in alcohol (Found: As, 18-75. 
C,,H,,0;N,As requires As, 18-5%). The sodiwm salt crystallised 
from dilute alcohol in shining leaflets; py 7:5 (Found: As, 16-4. 
C,,H,,0;N,AsNa,2H,0 requires As, 16-2%). 

Glutaranilide-pp’-diarsonic Acid (I1).—Apparently owing to the 
instability of glutaryl dichloride (Reboul, Ann. Chim., 1878, 14, 
504), interaction with atoxyl in dilute alkali failed to afford the 
diarsonic acid, which was, however, readily obtained in small yield 
by fusing a mixture of glutaric acid (4 g.) and atoxyl (8 g.) at 180° 
for 30 minutes. The dark mass was lixiviated with very dilute 
warm hydrochloric acid to dissolve p-arsonoglutaranilic acid (see 
below) and unchanged p-arsanilic acid; the insoluble diarsonic acid 
(1-5 g.) was purified through alkali and separated as a white 
amorphous solid, insoluble in water or alcohol (Found: As, 28-4. 
C,H 90,N,As, requires As, 28-3%). The disodium salt crystallised 
from dilute alcohol in needles; py, 7-5 (Found: As, 25°65. 
C,7H,,0,N,As,Na,,H,O requires As, 25-3%). 

p-Arsinoglutaranilic Acid (IV; R’’’ = H).—(A) A solution of the 
ester (III; R’’ = Et) (5 g.) in concentrated hydrochloric acid (75 c.c.) 
containing a trace of potassium iodide was saturated with sulphur 
dioxide and, after 16 hours at 0°, the dichloride was hydrolysed with 
2N-sodium hydroxide (20 c.c.) at 100°. The filtrate was acidified, 
made alkaline with sodium carbonate, and the filtered solution again 
acidified. p-Arsinoglutaranilic acid (3-3 g.) was precipitated as a 
white powder, slightly soluble in water but insoluble in alcohol 
(Found: As, 24-9. C,,H,,0,NAs requires As, 25-2%). 

Treatment of the above dichloride with cold sodium carbonate 
solution afforded ethyl p-arsinoglutaranilate (IV; R’”’ = Et) as a 
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cream-coloured residue, insoluble in water (Found: As, 22-8. 
C,3H,,0,NAs requires As, 23-1%). 

(B) A solution of the ester (III; R = Et) (5 g.) in 6N-caustic 
soda (10 c.c.), heated to 100° and acidified with concentrated 
hydrochloric acid (85 c.c.), was freed from sodium chloride and re- 
duced as in method (A). The resulting p-dichloroarsinoglutaranilic 
acid, AsCl,*C,H,*NH-CO-[CH,],°CO,H, crystallised from benzene in 
pink needles, m. p. 156—158° (Found: Cl, 20-4. C,,H,,.0,NAsCl, 
requires Cl, 20-2%). Acidification of a solution of this crude di- 
chloride in sodium carbonate afforded p-arsinoglutaranilic acid (2 g.). 

p-Arsonoglutaranilic Acid (IIL; R’’ = H).—p-Arsinoglutaranilic 
acid (0-5 g.) was suspended in water (10 c.c.), and 2—3 drops of 
hydrogen peroxide (100 vol.) added. The pale brown solution which 
rapidly formed on warming was filtered and evaporated. The 
p-arsonic acid separated as an indefinitely crystalline, light brown 
solid, readily soluble in water and alcohol but insoluble in most 
organic solvents (Found: As, 22-8. C,,H,,0,NAs requires As, 
22-65%). Attempts to prepare the anil by heating the acid led 
to the formation of a black tar. 


Note on the Analysis of Arsenic in Organic Compounds. 


The following modification of Monthulé’s method (Ann. Chim. 
anal., 1904, 9, 308) has proved a time-saving procedure for the 
estimation of arsenic in this series. 

The substance containing about 0-05 g. of arsenic is covered with 
a hot solution (5—8 c.c. for 0-2 g. of substance) of magnesia in nitric 
acid, d 1-38 (10 g. in 100 c.c.), in a silica crucible with a lid, and the 
mixture is slowly evaporated to dryness and finally ignited. The 
white residue is treated successively with water (5 drops) and con- 
centrated hydrochloric acid (6—8 c.c.), and the resulting solution 
washed into a beaker and diluted to 100 c.c. Ammonium chloride 
(10 g.) is added, to prevent precipitation of magnesium hydroxide, 
followed by excess of aqueous ammonia (d 0-88). After 5 hours, the 
crystalline precipitate of magnesium ammonium arsenate is collected 
in a Gooch crucible, washed with dilute aqueous ammonia till free 
from chloride, dried at 100° for 10 minutes, slowly raised to a 
bright red heat over a Bunsen flame for a further 5 minutes, and 
finally weighed as magnesium pyroarsenate. 


CHremicaL REsEARCH LABORATORY, 
Trepprneton, MIpDLESEX. [Received, December 3rd, 1931.] 
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39. Catalytic Dehalogenation by Tetrahydronaphthal- 
enes in Presence of Copper. 


By Mary SrepHen Lessiiz and Eustace EBENEZER TURNER. 


In a number of cases it has been found possible (Gull and Turner, 
J., 1929, 491; Lesslie and Turner, J., 1930, 1758; 1931, 1188) to 
prepare unsymmetrically substituted diphenyl derivatives by the 
action of copper-bronze on mixtures of two dissimilar reactive 
halogeno-compounds. Definite failure, however, has attended our 
attempts to effect such syntheses using esters of 2-chloro-3 : 5-di- 
nitrobenzoic acid (or of the corresponding bromo-acid) with either 
2-iododiphenyl ether or 1-iodotetrahydronaphthalene, but certain 
interesting results have been obtained in carrying out these 
experiments. 

2-Iododiphenyl ether itself reacted readily with copper-bronze 
at 200—220° to give 2: 2’-diphenoxydiphenyl, but when ethyl 
2-chloro-3 : 5-dinitrobenzoate was also present an inseparable mixture 
of products was formed, whilst a mixture of the iodo-ether with ethyl 
2-bromo-3 : 5-dinitrobenzoate gave ethyl 4:6: 4’ : 6’-tetranitro- 
diphenate in good yield as the only isolable product. In agreement 
with the observation of Ullmann and Engi (Annalen, 1909, 366, 79) 
and contrary to that of Christie and Kenner (J., 1922, 121, 614) we 
found that ethyl tetranitrodiphenate did not separate from benzene 
solutions with solvent of crystallisation. 

When a mixture of ethyl 2-chloro-3 : 5-dinitrobenzoate and 
1-iodotetrahydronaphthalene was heated at 200—220° with copper- 
bronze, the main product was ethyl 3: 5-dinitrobenzoate. This 
very interesting result appeared to us to have been brought about 
by catalytic dehydrogenation, in presence of the copper, of the 
iodotetrahydronaphthalene, with subsequent dechlorination of the 
ester. In order to test this explanation, we submitted the chloro- 
ester to the action of copper in boiling tetrahydronaphthalene, and 
again ethyl 3 : 5-dinitrobenzoate was obtained in good yield. Under 
similar conditions, the same ester was obtained both from ethyl 
4-chloro-3 : 5-dinitrobenzoate and from ethyl 2-bromo-3 : 5-dinitro- 
benzoate, and it appeared that a mixture of boiling tetralin and 
copper-bronze was an effective dehalogenating medium, at any rate 
for particular types of halogeno-compound. 

In order further to substantiate our view as to the processes 
involved, we heated picryl chloride in tetrahydronaphthalene with 
copper-bronze, for it was anticipated that s-trinitrobenzene would 
be formed, and might separate during the working-up as its additive 
compound with naphthalene, produced by the dehydrogenation 
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of the tetrahydronaphthalene. This actually occurred, and the 
additive compound was isolated in good yield. 

It seemed probable that the tetrahydronaphthalene in these 
dehalogenations could be replaced by other relatively easily de- 
hydrogenated substances. It was found, however, that ethyl 
2-chloro-3 : 5-dinitrobenzoate was unaffected when heated in either 
decahydronaphthalene or cyclohexanol with copper-bronze under 
conditions similar to those described above. 

Although the chlorine atoms in 4 : 4’-di(chloroacetyl)diphenyl are 
highly reactive towards piperidine, this ketone did not undergo 
dehalogenation in boiling tetrahydronaphthalene in presence of 
copper, and it seems possible that when further work can be under- 
taken it will be found that the copper-tetralin reagent will dis- 
tinguish between the two known types of reactive halogen atom. 


EXPERIMENTAL. 

2-lododiphenyl Ether.—2-Aminodiphenyl ether (93 g.) was diazo- 
tised in dilute sulphuric acid (preferable to hydrochloric), and the 
solution was poured on a mixture of potassium iodide and ice. After 
warming, the ether was extracted with carbon tetrachloride, and the 
solution washed with alkali, dried, and freed from solvent. Vacuum 
distillation gave 90—100 g. of 2-iododiphenyl ether, b. p. 180—-185°/ 
15mm. This solidified when cold and crystallised from light petrol- 
eum (b. p. 40—60°) or from alcohol in parallelepipeds, m. p. 55— 
55-5° (Found : I, 42-7. C,,H,OI requires I, 42-9%). 

2 : 2’-Diphenoxydiphenyl.—2-Iododiphenyl ether was heated at 
200—220°, and 1 part of copper-bronze added slowly. A steady 
reaction took place and after cooling and extraction with chloroform 
the phenoxy-compound was obtained solid. Itcrystallised from alcohol 
in needles,m. p. 100—101°. The vapour has a very penetrating odour, 
combining the peculiarities of diphenyl and diphenyl] ether (Found : 
C, 85-1; H, 5-6. C,,H,,0, requires C, 85:2; H, 54%). 

Action of Copper on Mixtures of 2-Iododiphenyl Ether and 2-Halo- 
geno-3 : 5-dinitrobenzoic Esters—(a) A mixture of methyl 2-chloro- 
3 : 5-dinitrobenzoate and iododiphenyl ether (equal parts) reacted 
with copper-bronze at 155°, but the product consisted of unchanged 
methyl ester, diphenoxydiphenyl, and iododiphenyl ether. Repeti- 
tion of this experiment at 215° gave similar results. 

(6) A mixture of ethyl 2-bromo-3 : 5-dinitrobenzoate (5-5 g.) and 
5 g. of the iodo-ether was heated until it began to react with copper- 
bronze. This occurred at 180°, and the condensation was made to 
proceed at about this temperature, 5 g. of copper being added in all. 
o-Dichlorobenzene was added, and the copper, etc., removed. 
Addition of light petroleum and a little acetone to the filtrate gave 
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a solid, m. p. 124—126°, which crystallised from benzene or from 
alcohol in rosettes of rectangular needles, m. p. 127—129°. After 
three further crystallisations from benzene the m. p. was 129—130°. 
The substance showed no signs of premature melting, and contained 
no benzene of crystallisation (Found: C, 45:1; H, 3:2. Cale.: 
C, 45-2; H, 295%. Calc. for 4C,H, of crystallisation: C, 48-7; 
H, 33%). Hydrolysis of the ester gave the acid, m. p. 288° 
(decomp.). 

The identity of the ethyl ester was established by comparing it 
with ethyl tetranitrodiphenate prepared by heating ethyl 2-chloro- 
3: 5-dinitrobenzoate at 220° and slowly adding copper-bronze as 
interaction proceeded. The whole was treated with o-dichloro- 
benzene, and the liquid filtered. The cooled filtrate deposited ethyl 
tetranitrodiphenate, and more was obtained by removing the mother- 
liquor solvent in steam, and crystallising the residue from alcohol 
(charcoal). 

Since the methyl ester was largely recovered unchanged from the 
(a) experiments, we heated it alone with copper-bronze. No 
reaction took place below 140°, and the lowest satisfactory tem- 
perature for condensation was 155—165°. This temperature is 
considerably higher than that given by Ullmann and Engi (loc, cit.). 
The product was treated with dichlorobenzene, the solution filtered, 
and the excess of solvent distilled off. Crystallisation set in on 
cooling and was completed by addition of light petroleum. The 
methyl tetranitrodiphenate obtained was crystallised from methyl 
alcohol and then had m. p. 173—174°, unchanged after crystallis- 
ation from benzene. 

1 - Lodotetrahydronaphthalene. — Tetrahydro - « - naphthylamine 
(Green and Rowe, J., 1918, 113, 955) was diazotised in hydrochloric 
acid solution. The filtered diazo-solution reacted smoothly with 
cold potassium iodide solution, and warming was unnecessary for 
completing the separation of the iodotetralin. This in carbon 
tetrachloride was washed with alkali and purified by vacuum 
distillation. 1-Iodotetrahydronaphthalene was obtained as a colour- 
less oil, b. p. 150°/17 mm. or 153°/19 mm. In the same apparatus, 
l-iodonaphthalene boiled at 168—169°/21 mm. (Found: I, 48:3. 
C1 9H,,1 requires I, 49-2%). Small quantities of the iodotetralin 
boiled at 279—280°/765 mm., but large quantities underwent 
extensive decomposition long before ebullition began. The average 
yield of iodotetralin was 50 g. from 100 g. of «-naphthylamine. 

In spite of repeated purification, the iodotetralin slowly deposited 
a crystalline film on being kept, but showed no great tendency to 
lose iodine, in contrast to iodonaphthalene. It reacted with 
magnesium in ethereal solution. 
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Interaction of Iodotetrahydronaphthalene, Ethyl 2-Chloro-3 : 5-di- 
nitrobenzoate and Copper-bronze.—A mixture of 10 g. of the iodo- 
compound with 10 g. of the ester was heated at 200°. On addition 
of copper, an immediate steady reaction set in, which was main- 
tained by addition of copper as required. The temperature range 
was 210—225°. When no further change was apparent, the mixture 
was treated with hot o-dichlorobenzene, and the liquid filtered. 
The product was worked up either by distilling off most of the 
solvent and precipitating the ester from concentrated solution with 
light petroleum, or by distilling all of it in steam and extracting 
tbe residue with alcohol. Either process had to be followed by 
recrystallisation of tarry first crops from alcohol in presence 
of charcoal. The product (average yield, 2-5—3 g.) had m. p. 
95—96° and was ethyl 3: 5-dinitrobenzoate (Found: C, 45-3; 
H, 3:3; N, 11-8; M, 232. Calc.: C, 45-0; H, 3:3; N, 11-7%; 
M, 240). 

Hydrolysis of the ester gave 3: 5-dinitrobenzoic acid, m. p. 
204—205° (Found: C, 40-0; H, 2-15; N, 13-4. Cale.: C, 39-6; 
H, 1-9; N, 13-4%). 

Dehalogenation of Ethyl 2-Chloro-3 : 5-dinitrobenzoate.—A solution 
of 10 g. of the ester in 10 g. of tetrahydronaphthalene was heated at 
200—215°, and copper-bronze added so as to give a steady reaction 
(10 g. were used—a definite excess). The product was treated with 
tetralin, and the filtered solution steam-distilled; the brownish 
residue was extracted with boiling alcohol in presence of charcoal. 
After concentration of the extract to about 60 c.c., needles separated, 
and these, after recrystallisation from alcohol (charcoal), had m. p. 
94—96° and did not depress the m. p. of authentic ethyl] 3 : 5-dinitro- 
benzoate. 

Conversion of Picryl Chloride into s-Trinitrobenzene.—A solution of 
10 g. of picryl chloride in 10 g. of tetralin reacted with copper-bronze 
at about 195°. Dehalogenation proceeded regularly, the mixture 
keeping hotter than the bath. When 10 g. of copper had been used, 
tetralin was added, and the liquid filtered hot. On cooling, a solid 
separated, m. p. 140—145° with softening at about 120°. This 
crystallised from alcohol in yellow needles, m. p. 152—153°, alone or 
mixed with the 1:1 additive compound of naphthalene and s-tri- 
nitrobenzene. 

Having thus established the presence of naphthalene in the 
reaction product, we modified our process of working up the mixture 
in later experiments: the filtered tetralin extract was poured into 
alcohol, and naphthalene added. In this way a good yield of the 
pure additive compound was obtained. 

Picryl chloride and decahydronaphthalene do not mix at 180— 
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200° and the dehalogenation could not therefore be tried in deca- 
hydronaphthalene. 

4 ; 4’-Di(chloroacetyl)diphenyl.—Chloroacetyl chloride (94 g.) was 
gradually added to a mixture of 50 g. of diphenyl, 135 g. of anhydrous 
aluminium chloride, and 50 c.c. of carbon disulphide. Hydrogen 
chloride was steadily evolved and a red-brown solid separated. The 
mixture was eventually heated in warm water for one hour, then 
cooled, and treated with much dilute hydrochloric acid with vigorous 
shaking. An ochreous powder separated and the carbon disulphide 
boiled off. The product crystallised from cyclohexanone in large 
irregular brownish needles. Small quantities were obtained colour- 
less from phenol or xylene (long needles), and melted at 226—227° 
(uncorr.) (Found: Cl, 22-4. C,,H,.0,Cl, requires Cl, 23-1%). 

The ketone reacted vigorously with piperidine, but was recovered 
unchanged from a mixture of boiling tetrahydronaphthalene and 
copper-bronze. 


The expenses of this work were partly met by grants received from 
the Royal Society and the Chemical Society. 


BEDFORD COLLEGE, 
University or LONDON. [ Received, December 3rd, 1931.] 





40. Orientation Effects in the Diphenyl Series. Part 
X. The Quantitative Nitration of 4: 4'-Dichloro- 
and 4:4'-Dibromo-diphenyl and of 4-Chloro- 
4’-bromodiphenyl. 

By FiLorence Ruts Ssaaw and Eustace EBENEZER TURNER. 


Some time ago it was stated (Groves and Turner, J., 1929, 509) that 
4-chloro-4’-bromodipheny] could not be caused to undergo straight- 
forward dinitration under conditions which allowed of the ready 
dinitration of 4 : 4’-dichloro- and 4 : 4’-dibromo-diphenyl. In view 
of this unexpected result, we have effected the synthesis of the 
chlorobromo-compound by a different method, and have re-studied 
its nitration. The original specimen of this compound dissolved in 
fuming nitric acid to a purple solution, from which no clean product 
could be isolated, but the new preparation gives no appreciable 
colour under similar conditions, and it is possible to obtain a mixture 
which consists of dinitro-derivatives only. We cannot discover 
any reason for the original result and regard it merely as another 
anomaly in the series which has already produced so many. 
Determination, by heating with piperidine, followed by routine 
analysis, of the proportion of labile chlorine to labile bromine in the 
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dinitration product from chlorobromodipheny! led to a series of 
important observations. In the first place, it was found that either 
some of the 2 : 3’-type of dinitration product had failed to react with 
piperidine or there was present a new species of dinitro-compound of 
a non-reactive character. The fundamental point being an analytical 
one, namely, the quantitative nature of a piperidine analysis for 
labile halogen, we submitted specially purified o-bromonitrobenzene 
to such analysis and satisfied ourselves that it was entirely trust- 
worthy in the benzene series, but preferred to apply the test also in 
the diphenyl series. As a substance hitherto regarded as of unim- 
peachable identity (Fittig, Annalen, 1864, 132, 206; Schultz, zbid., 
1874, 174, 218; Dennett and Turner, J., 1926, 476; Le Févre and 
Turner, J., 1926, 2041) we therefore took 4: 4’-dibromo-2 : 3’- 
dinitrodiphenyl, prepared by the dinitration of dibromodiphenyl and 
having the accepted m. p. of 147—148° : we were surprised to obtain 
a result apparently showing that considerably less than 100% of the 
bromine present in the activated position had reacted with piperidine. 
Similar determination of labile bromine in the total product of con- 
trolled dinitration of 4 : 4’-dibromodipheny] showed that only 83-4 + 
10% of 4: 4’-dibromo-2 : 3’-dinitrodiphenyl was present, the rest 
presumably being an isomeride unaffected by piperidine. Ordinary 
crystallisation of small quantities of such a mixture of dinitration 
products only effects partial removal of this isomeride, but careful 
slow fractional crystallisation of the product of dinitrating 50 g. of 
4 ; 4’-dibromodipheny] showed that there were in fact two substances 
present. The main portion melted at 152—153° and was the pure 
2 : 3’-dinitro-compound, whilst a second substance, m. p. 150°, 
easily distinguished from the former by its crystalline habit, was 
obtained. Ullmann (Ber., 1901, 34, 2181), who obtained 4: 4’- 
dibromo-2 : 2’-dinitrodiphenyl by heating 2 : 5-dibromonitrobenz- 
ene with copper-bronze, gave its m. p. as 138°, and it therefore 
appeared that our second substance wasa new compound. Repetition 
of Ullmann’s experiments, employing improved technique, gave 
4; 4’.dibromo-2 : 2’-dinitrodiphenyl, m. p. 150°. In view of the 
marked discrepancy in the two m. p.’s we prepared the 2 : 2’-dinitro- 
compound from 2: 2’-dinitrobenzidine by the diazoperbromide 
method and assured ourselves that it actually did possess m. p. 150°. 
The pure 2 : 3’-dinitro-compound gave a normal result when its 
labile bromine content was determined by the piperidine method. 
The pure 2: 2’-compound, under similar conditions, reacted with 
piperidine to a slight extent, and this necessitated correction of the 
results of all analyses of mixtures of these two dinitro-compounds. 
It is therefore definitely proved that dinitration of 4 : 4’-dibromo- 
diphenyl gives only 83-4 + 1-0% of the 2 : 3’-dinitro-compound, the 
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remainder consisting essentially, and as far as we know entirely, of 
the 2: 2’-compound. An artificial mixture of these two substances 
in the stated proportion showed the same melting phenomena as the 
substance obtained by direct nitration. 

On a previous occasion (J., 1926, 2044), comment was made on the 
indefinite appearance of 4: 4’-dibromo-2-nitrodiphenyl, and since 
this substance is undoubtedly the intermediate stage in the di- 
nitration of dibromodiphenyl, we have re-investigated its preparation. 
It has now been obtained by nitrating dibromodiphenyl either in 
glacial acetic acid or in nitrobenzene, by the Gattermann process 
from diazotised 2-nitrobenzidine, and by decomposing in boiling 
alcohol the bisdiazoperbromide from the latter base. All the 
products obtained had identical properties. When 4: 4’-dibromo- 
2-nitrodiphenyl! was nitrated under the conditions used for dinitrating 
4:4'-dibromodiphenyl, 2:3’- and 2: 2’-dinitro-compounds were 
obtained in the proportion 81-2% : 18-8°%, which is in good agreement 
with the above figures. 

The trinitration of 4 : 4’-dibromodiphenyl, originally effected by 
Lellmann (Ber., 1882, 15, 2838) and discussed on a previous occasion 
(J.; 1927, 2332), has been found to occur rather more readily than 
had been supposed. Mononitration of the 2 : 3’-dinitro-compound 
gives a mixture of trinitro-compounds and trinitration of dibromo- 
diphenyl itself gives a complex mixture, owing to the fact that 
further nitration of the 2 : 2’-compound proceeds in more than one 
direction. 

The results of the dinitration of 4: 4’-dibromodiphenyl and of 
the mononitration of 4 : 4’-dibromo-2-nitrophenyl, which may be 
represented thus, 
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afford in the first place a simple statement of the relative directive 
influences of a bromine atom and a 4-bromo-2-nitrophenyl group, but 
they also permit of a more detailed discussion of the whole problem 
than has hitherto been possible. 

For purposes of considering the mononitration (nucleus A), 4 : 4’- 
dibromodiphenyl may be regarded as a mixture of (I) and (II) in 
mobile equilibrium : 
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In order to satisfy the demand of the bromine atom in nucleus A 
to approach more nearly a condition of ionisation, an electronic 
displacement can originate from nucleus B. As a result the equili- 
brium is displaced if necessary in the direction II—->I. For (I) 
permits the bromine atom in A to exert its normal tendencies, 
whereas (II) requires it to behave abnormally, say at the request of 
a reagent. In (I) the 3-positions are deactivated by the electron 
displacements desired by the bromine atom, and these also deactivate, 
though to a lesser extent, the 2-positions. This 2-deactivation is, 
however, diminished by the electronic displacements from nucleus B. 
Therefore, 2-nitration is the only result. 

Although previous work in this series has shown qualitatively that 
4: 4’-dibromo-2-nitrodiphenyl is the sole product of mononitration, 
we have now worked out more satisfactory conditions for the mono- 
nitration and shown quantitatively that no 3-nitration occurs. 

That nitration occurs in (A) in a less deactivated position rather than 
in a more activated one appears to follow from the fact that 4-bromo- 
4’-chlorodiphenyl (see below) undergoes mononitration less in the 
chloropheny] than in the bromophenyl nucleus. The effect produced 
is thus meta-direction by a halogen atom. The well-known increase 
in nitration meta to the bromine atom as one passes from p-bromo- 
aniline nitrated in excess of sulphuric acid through p-bromoacetanil- 
ide nitrated in sulphuric acid to p-bromoacetanilide nitrated with 
nitric acid, may be a further demonstration, in part, of the meta- 
directing effect of a halogen atom. 

The nitration of 4 : 4’-dibromo-2-nitrodipheny] [(II1) == (IV)] is 
clearly controlled to a large extent by the nitro-group in nucleus (A), 
which will at least prevent electron displacements from (A) to (B), 
and may exert a small positive effect in the opposite sense. In so far 
as this means shifting of the equilibrium of the direction of (IV), 


(IIL.) O, NO, (IV.) 


2’-nitration will be much less rapid than 3’-nitration. At the same 
time (ITI) is not entirely suppressed, and therefore some 2’-nitration 
also occurs. 

Similar considerations suggest that dinitration of 4 : 4’-dichloro- 
diphenyl would also give 2 : 2’- as well as 2 : 3’-dinitro-derivatives. 
We find that the dinitration of 4 : 4’-dichlorodipheny] gives 81-3% of 
the 2 : 3’- and 18-7% of the 2 : 2’-dinitro-compound. These figures 
are corrected for a slight reactivity of the 2 : 2’-compound towards 
piperidine. By carrying out the dinitration of dichlorodiphenyl on 
a moderately large scale, we have isolated pure specimens of 4 : 4’- 
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dichloro-2 : 3’-dinitrodiphenyl and of the 2: 2’-isomeride. The 
latter was identical with a sample prepared by the Ullmann process 
from 2 : 5-dichloronitrobenzene. It appears that the product, m, p. 
140°, hitherto regarded as the pure 2 ; 3’-dinitro-compound, contained 
some 2 : 2’-isomeride, but less than is the case in the dibromo-series. 

We have also made a quantitative study of the mononitration of 
4 : 4’-dichloro-2-nitrodiphenyl. This gave 80-9 +- 0:3% of 2: 3’- and 
19-1% of the 2 : 2’-dinitro-compound. The method (J., 1926, 2045) 
previously used for the preparation of the 2-nitro-compound was only 
suitable for the preparation of very small quantities. We have 
devised a more suitable process for this purpose. 

The very close agreement between the figures for the mono- 
nitration of 4: 4’-dichloro-2-nitrodiphenyl and the dinitration of 
4 : 4’-dichlorodipheny] shows that there is little need to consider the 
possibility of any 3-nitro-compound being formed in the first stage of 
the second process. We have, however, effected the quantitative 
mononitration of 4 : 4’-dichlorodiphenyl and determined the labile 
chlorine present in the product. This showed that if any 3-nitro- 
compound had been formed, its amount did not exceed 1% of the 
total. 

The further nitration of 4: 4’-dichloro-2 : 3’-dinitrodiphenyl has 
not hitherto been effected. We find that the main product is 
4 : 4’-dichloro-2 : 3’ : 5’-trinitrodiphenyl; the constitution of this 
follows from the fact that piperidine readily displaces one chlorine 
atom to give 4-chloro-2 : 3’ : 5’-trinitro-4’-piperidinodiphenyl. 

The fact that 2: 2’-dinitration accompanies 2 : 3’-dinitration in 
both of the above instances suggests at first sight that results for the 
quantitative dinitration of 4-chloro-4’-bromodiphenyl would be 
incapable of satisfactory interpretation. Yet further consideration 
shows that in the scheme 
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stages (C) and (D) may, without serious error, be assumed to proceed 
to the extent of 80 to 85% in the direction of the 2: 3’- and 2’: 3- 
compounds, so that. the determination of total labile halogen, and 
then of the component labile chlorine and bromine in the nitration 
mixture, will in fact lead to figures for stages (A) and (B) accurate 
within the limits of experimental error. Concordant experimental 
observations have shown that 61-5°% of mononitration occurs in 
L 
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nucleus (Y) and 38-5% in nucleus (X). The product of dinitration 
contained 52-5% of 4-chloro-4’-bromo-2’ : 3-dinitrodiphenyl, 32-8% 
of the 2 : 3’-compound, and 14-7% of the 2: 2’-compound. Of the 
last, 9-1°% was formed from 4-chloro-4’-bromo-2’-nitrodiphenyl and 
5-6% from 4-chloro-4’-bromo-2-nitrodiphenyl. 

These figures probably give a more accurate comparison of the 
relative directive effects of chlorine and bromine than can be deduced 
from the results (Holleman, Rec. trav. chim., 1915, 34, 216) of 
nitrating p-chlorobromobenzene, since in 4-chloro-4’-bromodiphenyl 
the (antagonistic) effect of one halogen on the other is, as it were, 
“buffered” by the two interposed aromatic nuclei, whilst in 
chlorobromobenzene the antagonistic. effects will have free play. 
That is to say, it would be anticipated that, since both the chlorine 
and the bromine have a relatively large reserve of electronic systems 
to assist their ionising tendencies, each will exhibit the latter to the 
maximum extent (V) : 


a a a /™ (x 
Oe; << Br sins a—_ Br 
(V.) (VI.) (VIT.) 

whilst in p-chlorobromobenzene the electron-attracting properties of 
one halogen atom can only be manifested to the extent permitted by 
the electron-sharing properties of the other halogen. For this reason 
alone it is not surprising to find that the ratio of nitration figures rises 
from 55:45 in the benzene compound to 62: 38 in the diphenyl 
compound, that is, from 1-2 to 1-6. 


EXPERIMENTAL. 

Method employed in the Determination of Labile Halogen.—A 
mixture of about 1 g. of the halogenonitro-compound with 5 g. of 
pure piperidine was heated in a sealed glass tube by means of boiling 
water for 2 hours. One of the two methods, A and B, was then 
adopted. 

Method A. The contents of the tube were washed out with 
water, and a little potassium hydroxide added. The mixture 
was extracted with ether until no more coloured material was 
removed, freed from ether by warming, and acidified with nitric acid. 
The halide present was then determined gravimetrically as silver 
chloride or bromide. 

Method B. The contents of the tube were dissolved in alcohol, 
and the solution at once treated with silver nitrate in presence of a 
little nitric acid. 

Check analysis using o-bromonitrobenzene. A specially purified 
specimen of this substance (1-024 g.), analysed by method B, gave 
0-9510 g. AgBr, corresponding to 1-023 g. of o-bromonitrobenzene. 
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Isolation of Pure 4: 4’-Dibromo-2 :3’-dinitrodiphenyl and 4: 4’- 
Dibromo-2 : 2’-dinitrodiphenyl from the Product of dinitrating 4 : 4’- 
Dibromodiphenyl.—4 : 4’-Dibromodiphenyl (50 g.) was slowly added 
to 600 c.c. of ice-cooled nitric acid (d 1-52). After 30 minutes, the 
solution was treated with ice and water, and the precipitate washed 
and dried (67 g., m. p. 134—138° with slight previous softening at 
120°). Of this material, 50 g. were crystallised from 500 c.c. of 
glacial acetic acid. This gave 37 g. of needles (A), m. p. 142—144°, 
and, after long standing, a further 0-9 g. of prisms (B), m. p. 145°. 

The mother-liquor was evaporated to 260 c.c. On cooling, 
octahedra separated (C) (4-2 g., m. p. 146—148°). 

Crystallisation of (A) from 500 c.c of glacial acetic acid gave 32 g. 
of needles, m. p. 150-—-151°. These, after two further crystallisations 
from glacial acetic acid, melted at 152—153° and were pure 4: 4’- 
dibromo-2 : 3’-dinitrophenyl. The m. p. of ‘ A.R.” salicylic acid 
determined in the same apparatus was 158—159°. 

Crops (B) and (C) were combined, and crystallised from butyl 
alcohol; pure 4 : 4’-dibromo-2 : 2’-dinitrophenyl was then obtained 
as octahedra, m. p. 150°. 

Evaporation of the mother-liquor from (C) gave a mixture, m. p. 
125—-132°, of needles and octahedra, and a similar product was 
obtained by evaporating the mother-liquors from the crystallisation 
of (A). 

In all, 49-5 g. of solid were recovered. 

Piperidine Analysis of 4: 4'-Dibromo-2 : 3’-dinitrodiphenyl.—By 
Method A, 1-000 g. of the pure dinitro-compound, m. p. 152—153°, 
gave 0-4628 g. AgBr; whence the 2 : 3’-dinitro-compound present 
was 99:0%. The crude 4-bromo-2 : 3’-dinitro-4’-piperidinodiphenyl] 
formed in this process, and isolated from the ethereal extract, melted 
at 134—135°. The pure substance has m. p. 136—137°. 

Preparation of 4:4'-Dibromo-2 : 2’-dinitrodiphenyl_—(1) 2: 5- 
Dibromonitrobenzene (18 g.) was heated with copper-bronze (8 g.) 
at 240° as described by Ullmann (Ber., 1901, 34, 2181), but this 
author’s method of extraction proved unsatisfactory. The still hot 
mixture was treated with o-dichlorobenzene (100 c.c.), the liquid 
filtered hot, and most of the solvent distilled off. The cool solution 
deposited 6 g. of crystalline material, which after being washed 
with light petroleum had m. p. 133°. After being crystallised first 
from glacial acetic acid and then from n-buty] alcohol, it formed pale 
yellow octahedra, m. p. 150°, and was unaffected by further crystallis- 
ation from ethyl alcohol (Found: Br, 39-4. Cale.: Br, 39-8%). 

(2) 2: 2’-Dinitrobenzidine (10 g.) was diazotised in a mixture of 
40 c.c. of 47% hydrobromic acid and 120 c.c. of water with 5 g. of 
sodium nitrite in 10 c.c. of water. The solution was filtered, and 
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treated with a solution of bromine in hydrobromic acid, until no 
further precipitation occurred. The perbromide was filtered off, and 
heated in 50 c.c. of glacial acetic acid until no more bromine was 
disengaged. The solution was cooled, and gave 12 g. of crystalline 
material, m. p. 134—-137°. Difficulty was experienced in removing 
traces of colloidal matter, but crystallisation from n-butyl alcohol 
gave octahedra, m. p. 149—150°. Recrystallisation from the same 
solvent raised the m. p. to 150°, and the product did not depress the 
m. p. of the dinitro-compound obtained by the Ullmann reaction or 
that of the 2:2’-dinitro-compound isolated from the nitration of 
4 : 4’-dibromodipheny]l. 

Control Piperidine Analysis of 4: 4'-Dibromo-2 : 2'-dinitrodiphenyl.— 
0-9530 G. of the pure 2 : 2’-compound gave by Method A, 0-0385 g. 
AgBr. The figures given below for the results of piperidine analysis 
of all mixtures of 2 : 3’- and 2: 2’-compounds are corrected to the 
extent required by this observation. 

Artificial Mixture of 4: 4'-Dibromo-2:3’- and -2 : 2'-dinitrodi- 
phenyl.—A mixture of 0-8450 g. of the 2 : 3’- compound and 0-1550 
g. of the 2: 2’-compound was dissolved in 10 c.c. of nitric acid 
(d 1-52). Ice and water were added and the solid was collected, 
washed, and dried. It melted at 133—138° and in all respects 
resembled the crude product of nitrating 4 : 4’-dibromodipheny]. 

A mixture of 0-8048 g. of the 2: 3’-compound and 0-1538 g. of 
the 2: 2’-compound was analysed by Method A. Found: 2:3’- 
dinitro-compound, 0-8098 g. or, corrected for the effect of the 2 : 2’- 
compound, 0-7963 g. 

Quantitative Dinitration of 4: 4’-Dibromodiphenyl.—The dibromodi- 
phenyl used had m. p. 167—168°. 

Preliminary experiments carried out to determine the conditions 
suitable for dinitration showed that when solutions of dibromodi- 
phenyl! in 12 parts by weight of nitric acid (d 1-52) were heated at 
100° for } hour, considerable trinitration occurred. 

When the acid (d 1-52) was replaced by acid of d 1-465, the dibromo- 
compound (readily soluble in the stronger acid) did not dissolve in the 
cold and only slowly dissolved on warming. After } hour at 100°, 
crystallisation set in and the main product was of the dinitro- 
species. 

The following method was found to give consistent dinitration : 
The dibromodipheny] was slowly stirred with 12 parts by weight of 
nitric acid (A.R. quality) (d 1-52) which was kept cool inice. After 
30 minutes, ice and water were gradually added and the precipitate 
was collected, washed, and dried in a vacuum over sulphuric acid 
and caustic potash. It melted indefinitely between 132° and 138°. 
Experiment I. 3-4 G. of dibromodiphenyl gave 4-4 g. of mixed 
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dinitro-compounds (Found: Br, 39-6. Dinitro-compounds require 
Br, 39-8%). 

Piperidine analyses. (1) Method A: 0-9870g. gave 0-3862 g. AgBr ; 
2 : 3’-compound present, 83-8%, or, corrected, 82-4%. (2) Method B: 
1-006 g. gave 0-4000 g. AgBr; 2: 3’-compound present, 85-1% or, 
corrected, 84-0%. Experiment II. 10-0 G. of dibromodiphenyl gave 
13-0 g. of mixed dinitro-compounds, m. p. 130—137° (Found: Br, 
384%). 

Piperidine analysis. Method A: 1-009 g. gave 0-3984 g. AgBr; 
2 : 3’-compound present, 84:5°%, or, corrected, 83°8%. 

Preparation of 4: 4'-Dibromo-2-nitrodiphenyl._—(a) 2-Nitrobenzi- 
dine was diazotised in hydrobromic acid, and copper powder added. 
Normal working up gave 4: 4’-dibromo-2-nitrodiphenyl, which 
crystallised from alcohol or from light petroleum (b. p. 80—100°) in 
indefinite crystals, m. p. 124°. 

(6) 2-Nitrobenzidine was diazotised in hydrobromic acid, and the 
bis-diazonium perbromide precipitated in the usual manner. When 
it was decomposed in hot glacial acetic acid it gave the tribromo- 
compound previously described (J., 1926, 2043). When the perbrom- 
ide from 10 g. of 2-nitrobenzidine was gradually added to 100 c.c. 
of absolute ethyl alcohol kept gently boiling, a clear solution was 
obtained, and, on cooling, an oil first separated and was followed by 
a solid precipitate (5 g.,m. p. 110—112°). After two crystallisations 
from alcohol, this melted at 124° (Found: Br, 44-5. Calc.: Br, 
44-8%). 

(c) A solution of 6 g. of 4: 4’-dibromodipheny] in 100 g. of nitro- 
benzene was heated to 100°, and a solution of 6 c.c. of nitric acid 
(d 1-52) in 10 g. of nitrobenzene added. After 2 hours’ heating, the 
nitrobenzene was removed in steam, and the residue heated for 1 
hour with 20 c.c of piperidine. The solution was poured into water, 
the precipitate dissolved in benzene, and the solution extracted with 
hydrochloric acid (1 : 1) until free from piperidine compounds derived 
from dinitro-compounds formed in the nitration. Evaporation of 
the benzene solution, followed by crystallisation from alcohol, gave 
3 g. of the 2-nitro-compound, m. p. 124° (Found: Br, 446%). The 
hot solution of this product in piperidine was practically colourless. 

(d) 4: 4'-Dibromodiphenyl (20 g.) was dissolved in 300 c.c. of 
glacial acetic acid at 100° and 200 c.c. of nitric acid (d 1-46) were 
added. The precipitate first formed redissolved, and after 4 hour at 
100° the solution was cooled ; a stiff paste was then obtained, which 
was submitted to filtration. The yield of crude mononitro-compound 
was almost theoretical, and after three crystallisations 4 : 4’-dibromo- 
2-nitrodipheny], m. p. 124°, was obtained. 

The nitro-compound crystallised on certain occasionsin deep yellow 
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plates, but more frequently in pale yellow needles, matted together. 
The indefinite appearance of most specimens of the compound may 
be due to the presence of both forms. 

Quantitative Mononitration of 4: 4'-Dibromodiphenyl.—The di- 
bromo-compound (2-0 g.) was nitrated in acetic acid under the con- 
ditions just described. The nitration mixture was poured into water 
and after filtration and drying, 2:2 g. were obtained. Of this 
quantity, 1-000 g. was submitted to routine piperidine analysis and 
gave an unweighable quantity of silver bromide, showing that no 
3-nitro-compound was present. 

Quantitative Mononitration of 4 : 4'-Dibromo-2-nitrodiphenyl.—(a) 
The nitro-compound (2 g.) obtained by the perbromide method was 
added to 15 ¢c.c. of nitric acid (d 1-52), kept ice-cooled. After } hour, 
ice-water was added until no further solid was precipitated. The 
precipitate was collected, washed, and dried, 2-2 g., m. p. 130—135° 
with softening at 120°, being obtained (Found: Br, 39-1. A mono- 
nitrated product requires Br, 39°8°%). 

Piperidine analyses by method A. (1) 0°8300 G. gave 0-3214g. AgBr, 
whence 2: 3’-dinitro-compound, 82-9°% or, corrected for 2: 2’ 
reactivity, 81-4%. (2) 0-8172 G. gave 0-3172 g. AgBr, whence the 
corresponding figures are 83-1 and 81°6%. 

(6) The nitro-compound (2-5 g.) obtained by the nitrobenzene 
method was similarly nitrated ; 2-8 g.,m. p. 130—135° with softening 
at 120°, resulted (Found: Br, 39-1%%). 

Piperidine analyses by method A. (1) 0°8120 G. gave 0-3146 g. AgBr, 
whence 2 : 3’-dinitro figures are 82:9 and 81-4%. (2) 0-8100 G. gave 
0-3112 g. AgBr, whence the corresponding figures are 82-2 and 80-5%. 

Nitration of 4: 4’-Dibromo-2 : 2’-dinitrodiphenyl.—A solution of 
2 g. of the dinitro-compound in 25 c.c. of nitric acid (d 1-5) was heated 
at 100° for 4 hours. Addition of water to the cooled solution 
precipitated a gummy solid, m. p. 70—90°, from which by crystal- 
lisation no definite products were isolated. 

Nitration of 4 : 4'-Dibromo-2 : 3'-dinitrodiphenyl.—A solution of 10 
g. of the pure 2: 3’-dinitro-compound in 100 c.c. of nitric acid 
(d 1-52) was heated at 100° for 4 hours. The cooled solution was 
treated with water, and the precipitate collected, washed, and dried 
(11 g., m. p. 125—140°). Crystallisation from glacial acetic acid 
gave 4 g. of rectangular needles, m. p. 176—177°, recrystallisation 
from the same solvent raising this m. p. to 178—-179°. The pure 
4: 4’-dibromo-2 : 3’ : 5’-trinitrodiphenyl so obtained reacted with 
piperidine to give between 109% and 114% of the expected labile 
bromine under different conditions of heating, a result due no doubt 
to a “ general effect ” activation of the second bromine atom. 

Preparation of 4 : 4'-Dichlorodiphenyl.—This substance is readily 
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prepared by passing chlorine through a gently boiling solution of 
20 g. of diphenyl] in 50 c.c. of glacial acetic acid for 2—3 hours. The 
use of much larger quantities leads to diminished yields. On cooling, 
about 12 g. of almost pure dichlorodipheny] crystallises, and this is 
best recrystallised from toluene-light petroleum. This gives a 
product, m. p. 148—149°. It is unprofitable to attempt working up 
the original mother-liquor. 

Isolation of 4: 4'-Dichloro-2 : 3’- and -2 : 2'-dinitrodiphenyl from 
the Product of dinitrating 4 : 4'-Dichlorodiphenyl.—Dichlorodipheny] 
(39 g.) was added gradually to 300 c.c. of well-stirred nitric acid 
(d 1-52) kept in an ice-bath. After 1 hour, ice and water were added 
until precipitation was complete, and the precipitate was collected, 
washed, and dried. Of this product (54 g., m. p. 120—126°), 40 g. 
were crystallised from 500 c.c. of glacial acetic acid. On cooling, 
24 g. of cream-coloured needles separated, m. p. 139—141°. After 
three crystallisations from acetic acid the m. p. was 141—142°(A). 
Evaporation of the mother-liquor to 200 c.c. led to a second crop 
(7 g.), @ mixture, m. p. 123—-128°, of needles and octahedra, and 
further concentration gave a third crop (1-3 g. of octahedra), m. p. 
110—135°. Crystallisation of the last from n-butyl] alcohol gave only 
octahedra, m. p. 188—139°(B). 

(A) was pure 4: 4’-dichloro-2 : 3’-dinitrodiphenyl. (B) was pure 
4 : 4’-dichloro-2 : 2’-dinitrodipheny! and did not depress the m. p. of 
a sample prepared by the Ullmann process (loc. cit.) from 2: 5- 
dichloronitrobenzene. Of the 40 g. used, 39-6 g. were accounted for 
either as (A) or (B) or as mixtures of the two. . 

Control Piperidine Analysis of 4: 4'-Dichloro-2 : 2’-dinitrodi- 
phenyl.—0-9000 G. gave 0-0350 g. AgCl. These figures are used 
below as required to correct results of analyses of mixtures of the 
2 : 3’- and 2 : 2’- isomerides. ' 

Quantitative Dinitration of 4 : 4'-Dichlorodiphenyl.—This substance 
(10 g.) was gradually stirred into 80 c.c. of nitric acid (d 1-52) kept at 
0°. After 4 hour, ice and water were added until no further precipi- 
tation occurred. The precipitate was collected, washed, and dried 
(14-0 g., m. p. 118—127°. Found: Cl, 22-5. A dinitrated product 
requires Cl, 22°7%). 

Piperidine analyses by method A. (1) 1-0024 G. gave 0-3798 g. 
AgCl, whence the 2 : 3’-isomeride = 82-8% or, corrected for 2 : 2’. 
reactivity, 81°3%. (2) 10070 G. gave 0-3816 g. AgCl, whence the 
corresponding figures are 82-8 and 81-:3%. 

Mononitration of 4 : 4'-Dichlorodiphenyl.—(1) In nitrobenzene. A 
solution of 9 g. of dichlorodipheny! in 150 g. of nitrobenzene was 
heated under reflux at 100°. A mixture of 18 c.c. of nitric acid 
(d 1-52) and 30 g. of nitrobenzene was added, and heating continued 
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for 2 hours. The mixture was treated with water, and the nitro- 
benzene removed in steam. The residue was collected when cold 
and dissolved in 20 c.c. of piperidine. The solution was boiled for an 
hour, cooled, and poured into water. The precipitate was collected and 
dissolved in benzene, and the solution extracted with (1: 1) hydrochloric 
acid until the piperidine derivatives, derived from dinitro-compounds 
in the crude nitration product, were removed. The benzene solution, 
after being washed, was evaporated, and the residue was crystallised 
from alcohol, from carbon tetrachloride, and then again from alcohol. 
The product had m. p. 98—99°. 

(2) In glacial acetic acid. Nitric acid (100 c.c. of d 1-46) was added 
to a solution of 10 g. of 4 : 4’-dichlorodiphenyl in 150 c.c. of glacial 
acetic acid. The solution was kept at 100° for } hour and cooled and 
20 c.c. of water were very carefully stirred in. The crystalline 
precipitate was collected and recrystallised from alcohol; the pure 
2-nitro-compound was then obtained, m. p. 102°. 

Quantitative Mononitration of 4 : 4'-Dichlorodiphenyl.—Nitration of 
2 g. of dichlorodiphenyl under the conditions of the last preparation 
gave 2-25 g. of crude nitration product, m. p. 95—99°. When 1-000 
g. was submitted to piperidine analysis, less than 0-005 g. of silver 
chloride was formed, representing less than 1% of 3-nitration. 

Quantitative Nitration of 4: 4'-Dichloro-2-nitrodiphenyl.—The 
material used was obtained by the last-mentioned nitration, and 5 g. 
were added gradually to 40 c.c. of ice-cooled nitric acid (d 1-52). After 
} hour, ice and water were added and the precipitate was collected 
and dried (6 g., m. p. 119—128°) (Found: Cl, 22-5. A mono- 
nitrated product requires Cl, 22°7%). 

Piperidine analyses by method A. (1) 0-8226 G. gave 0-3092 g. 
AgCl, whence 2: 3’-compound, 82-1% or, corrected for 2: 2’- 
reactivity, 80-6%. (2) 0-8000 G. gave 0-3026 g. AgCl, whence the 
corresponding figures are 82-6 and 81-2%%. 

4: 4’-Dichloro-2 : 3’ : 5’-trinitrodiphenyl.—A solution of 10 g. of 
4 : 4’-dichlorodipheny] in 100 c.c. of nitric acid (d 1-52) was heated at 
100° for 2 hours and then poured into much water. The gummy 
precipitate slowly became hard, and was collected and crystallised 
from 100 c.c. of glacial acetic acid. Cream-coloured needles 
(7 g.) separated, m. p. 150—155°. Three further crystallisations 
from the same solvent raised the m. p. to 166—167° (Found: Cl, 
19-9. C,,H;0,N,Cl, requires Cl, 19-8%). 

4-Chloro-2 : 3’ : 5'-trinitro-4'-piperidinodiphenyl. — The _ trinitro- 
compound reacted vigorously with piperidine to give the 4’-piper- 
idino-compound, which crystallised from glacial acetic acid in crimson 
prisms, m. p. 182° (Found: Cl, 8-7. C,,H,,0,N,Cl requires Cl, 8-7%). 

4-Chloro-4'-bromodiphenyl.—(a) 4-Aminodiphenyl, prepared from 
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specially purified 4-nitrodiphenyl, was diazotised in hydrochloric 
acid, and, by the Sandmeyer process, converted into 4-chlorodiphenyl, 
m. p. 75° (lit. 76°). A solution of 10 g. of the chlorodipheny] in not 
more than 40 c.c. of glacial acetic acid was treated with 5 c.c. of 
bromine, and the whole heated at 100° under reflux for 4 hours. 
Dilution, followed by filtration, gave 11 g. of solid, m. p. 140—1465°. 
This, after being crystallised several times from acetone, had m. p. 
157—158° (Found: Cl + Br, 42-2. Calc.: Cl + Br, 43°2%). 

(b) The method used by Groves and Turner (loc. cit.) was repeated, 
and gave a product similar in all respects to the above (Found : 
M in freezing benzene, 236, 238. Calc. : M, 267). 

The solution of either product in nitric acid was pale yellow. 

Quantitative Dinitration of  4-Chloro-4'-bromodiphenyl.—(a) 
4-Chloro-4’-bromodipheny! (10 g.), obtained by brominating 
chlorodiphenyl, was nitrated by the method used for dibromodi- 
phenyl. The crude product, 13-3 g., had m. p. 115—130° (Found : 
Cl + Br, 31-7. A dinitrated product requires Cl + Br, 32-3%). 

Piperidine analyses by method A. (1) 1-000 G. gave 0-3876 g. 
AgCl + AgBr. This, after being heated to constant weight in 
chlorine, gave 0-3456 g. AgCl, whence 4-chloro-4’-bromo-2’ : 3-di- 
nitrodiphenyl = 52-4% (corrected, 51-7%), 2 : 3'-derivative = 33°8% 
(corrected, 33-2°,), and 2 : 2’-derivative = 13-8°%, (corrected, 15°1%). 
(2) 1000 G. gave 03888 g. AgCl-+ AgBr, and subsequently, 
0-3460 g. AgCl, whence the corresponding figures are 51-9 (51-2), 
34-4 (33-9), and 13-7 (14-9)%. 

(b) 4-Chloro-4’-bromodiphenyl] (5 g.), obtairied from 4-bromo-4’- 
aminodiphenyl, was dinitrated as before, and gave 6 g., m. p. 
115—130° (Found : Cl + Br, 31-3%). 

Piperidine analyses by method A gave the following figures, 
corresponding in order with the above: (1) 1-000 G. gave 0-3864 g. 
AgCl + AgBr, and 0-3460 g. AgCl. 53-8 (53-0), 32-5 (32-0), and 
13-7 (15-0)%. (2) 1000 G. gave 0-3906 g. AgCl + AgBr, and 
0-3500 g. AgCl. 54-7 (54-0), 32-6 (32-2), and 12-7 (13-8)%. 

The mean composition of the two products of dinitration is there- 
fore: 2’:3-dinitro-compound, 52°5%; 2:3’-, 328%; 2:2’-, 
14-7%, whence, assuming that both the mononitro-compounds are 
nitrated to give 2’: 3- (or 2: 3’-) and 2: 2’-compounds in the ratio 
85-3 : 14-7,the 2’-nitro-compound in the first stage of nitration = 
61-5% and the 2-nitro-compound = 38-5%. 

The expenses of this investigation were partly met by grants from 
the Royal Society and the Chemical Society. 


BEDFORD COLLEGE, UNIVERSITY OF LONDON, 
[Received, December 3rd, 1931.] 
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41. Experiments on the Synthesis of Physostigmine 
(Eserine). Part I. Some Indolenine Derivatives. 


By Ropert Ropryson and HarusaDA SUGINOME, 


THE initiation of experiments on the synthesis of physostigmine 
(eserine) has made it desirable to investigate more closely, as a 
preliminary, the methods available for the preparation of indolenine 
derivatives. In view of the ultimate object of the work, indolenines 
not bearing a substituent in position 2 were of special interest. 

Brunner (Monatsh., 1895, 16, 849) has shown that the phenyl- 
hydrazone of isobutaldehyde when boiled with alcoholic zinc 
chloride affords a base (C,)H,,N), and ammonia. Three years later, 
Plancher (Chem.-Ztg., 1898, 22, 37; Ber., 1898, 31, 1488) obtained 
a unimolecular base of the same indolenine type by applying 
Brunner’s method to methyl isopropyl ketone phenylhydrazone. 

It has recently been shown that intermediates for the synthesis 
of indole derivatives can be prepared in excellent yields by the 
application of the Japp—Klingemann reaction (Kalb, Schweizer, and 
Schlimpf, Ber., 1926, 59, 1858; Manske, Perkin, and Robinson, J., 
1927, 2; Manske and Robinson, ibid., p. 240). 

With a view to the extension of the method to the synthesis of 
indolenine derivatives of type (III) the preparation of 3 : 3-dimethyl- 
indolenine has been studied as a preliminary. The starting point 
is ethyl isopropylacetoacetate, which can readily be converted into 
the phenylhydrazone of «-keto-@-methylbutyric acid (I) by the 
action of benzenediazonium chloride under alkaline conditions. 


CHMe, 
(-CO,H CMe, CMe, 
H-N nNZC:CO,H \n/CH 
(I.) (II.) (III.) 
CMe, —#— Me CMe, 
Cees /Me \n/C:CO-N,H,Ph 
(IV.) (v.) NH (VI.) 


Brunner (Monatsh., 1894, 15, 763) has already treated this 
hydrazone (I), obtained from the ketonic acid, with 15% alcoholic 
sulphuric acid, the object being to obtain the ester. The final 
product was at first stated to be scatole and the reaction was 
attributed to the elimination of methylamine and carbon dioxide 
from the phenylhydrazone. Later, however, the same author 
(Monatsh., 1895, 16, 849) treated isobutaldehydephenylhydrazone 
with alcoholic zinc chloride and showed that the reaction products 
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were a new base and 2 : 3-dimethylindole and on the basis of these 
experiments he corrected the former supposition and suggested 
that the substance which was produced was 2 : 3-dimethylindole 
(V) and not scatole. 

On repeating the experiment we have found that ethyl 3 : 3-di- 
methylindolenine-2-carboxylate (IV), 2:3-dimethylindole (V), and 
3 : 3-dimethylindolenine-2-carboxyphenylhydrazide (V1) are produced. 

It is worthy of note that 2 : 3-dimethylindole is obtained instead 
of 3 : 3-dimethylindolenine-2-carboxylic acid (II): this is due to 
the instability of the acid, which easily parts with carbon dioxide, 
yielding 3 : 3-dimethylindolenine (III). This in its turn is changed 
by hot mineral acids into an indole derivative with migration of a 
methyl group. This view has been directly confirmed and the 
indolenine (III), heated with dilute sulphuric acid, yields 
2 : 3-dimethylindole. 

The phenylhydrazide (VI) may be formed by the condensation 
of ethyl 3: 3-dimethylindolenine-2-carboxylate with phenyl- 
hydrazine produced from the original hydrazone (I) by hydrolysis ; 
this view also has been substantiated by the synthesis of the 
hydrazide in the suggested manner. 

The hydrazone (I) has also been treated with absolute alcoholic 
hydrogen chloride : 3 : 3-dimethylindolenine, 3 : 3-dimethylindolenine- 
2-carboxylic acid (I1) and its ethyl ester are produced in satisfactory 
yield, the chief product being the carboxylic acid. When the 
carboxylic acid is heated, carbon dioxide and 3 : 3-dimethylindolenine 
(III) are obtained (compare Brunner, loc. cit.). © 

Substituting p-phenetidine for aniline in the first stage, we have 
applied a similar method to the preparation of the 5-ethoxy- 
indolenines (VIII) and (IX) from the p-ethoxyphenylhydrazone 
(VII). The formation of these substances is a step in the approach 
to etheserole, which bears an ethoxy] group in this position in the 
indole nucleus. 


CHMe, 
EtO C-CO,H EtO CMe, EtO CMe, 
\NH-N \n/C:CO,H. \N/CH 


(VII.) (VIII.) (IX.) 


EXPERIMENTAL. 


a-Keto-B-methylbutyric Acid Phenylhydrazone (1).—A solution of 
ethyl isopropylacetoacetate (20-6 g.) in alcohol (150 c.c.) was mixed 
with one of sodium hydroxide (12 g.) in water (30 c.c.) and a solution 
of benzenediazonium chloride (from 9-3 g. of aniline, 6-9 g. of sodium 
nitrite, and 50 c.c. of concentrated hydrochloric acid) was quickly 
added. A heavy brown oil separated immediately and after a few 





300 ROBINSON AND SUGINOME: EXPERIMENTS ON 


minutes it was isolated by means of ether and hydrolysed by 
alcoholic sodium hydroxide on the steam-bath. The solution was 
concentrated under diminished pressure, diluted with water (char- 
coal), filtered, and acidified with hydrochloric acid. The crystalline 
hydrazone acid which separated was washed with water (yield, 5-6— 
7-1 g.) and recrystallised from benzene or aqueous alcohol, forming 
yellow plates, m. p. 146—147° (decomp.) (Brunner, loc. cit., gives 
m. p. 129°) (Found: N, 13-7. Cale. for C,,H,,0,N,: N, 13-6%). 

Treatment of the Hydrazone Acid with Alcoholic Sulphuric Acid. 
—A solution of the hydrazone acid (15 g.) in alcoholic sulphuric acid 
(150 c.c., prepared from 22-5 g. of concentrated sulphuric acid and 
150 g. of 95% alcohol) was refluxed for 4 hours on the steam-bath ; 
then, after removal of the greater part of the alcohol, it was poured 
into water. A dark-brown tarry substance which separated was 
isolated by means of ether and distilled in steam. The distillate 
was again extracted with ether, and the solution dried over sodium 
sulphate and evaporated, giving a brown oil (4-5 g.), from which, 
on keeping, ethyl 3 : 3-dimethylindolenine-2-carboxylate separated in 
colourless stout prisms (0-83 g.), m. p. 79—80°, unaltered by 
recrystallisation from light petroleum (b. p. 40—60°) (Found: C, 
72:5; H, 7-1; N, 6-5. C,,H,,O,N requires C, 72:3; H, 7-0; N, 
6-5%). The ester gives an orange pine-shaving reaction, is readily 
soluble in ether, alcohol, or benzene but sparingly soluble in cold 
light petroleum, and does not afford a characteristic picrate. It is 
soluble in concentrated sulphuric acid and also in concentrated 
hydrochloric acid to a yellow solution which is not as intense as in 
the case of the ethoxy-compound (below) and on dilution with water 
the colour is discharged. 

2:3-Dimethylindole can be isolated as the picrate from the 
mother-liquor of ethyl 3: 3-dimethylindoleninecarboxylate. The 
reddish-brown derivative (2-8 g.) was collected and crystallised from 
alcohol; m. p. 156°, alone or mixed with a sample prepared from 
methyl ethyl ketone phenylhydrazone by Fischer’s method (Annalen, 
1886, 236, 128, 181). 2:3-Dimethylindole, regenerated from the 
picrate by treatment with sodium bicarbonate, crystallised from 
light petroleum in leaflets, m. p. 105—106°, unchanged in admixture 
with an authentic specimen (Found: N, 10-0. Calc. for C,9H,,N: 
N, 9-7%). 

3 : 3-Dimethylindolenine - 2 - carboxyphenylhydrazide (V1).—The 
portion of the product of the above experiment which was not 
volatile in steam was a solid (3-8 g.), insoluble in alkali. When it 
was kept in alcoholic solution for several days, a brown crystalline 
substance separated which, recrystallised from alcohol, formed 
yellow rhombohedral crystals (0-3 g.), m. p. 155—156° (Found : 
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C, 73-4; H, 6-2; N, 14:9. C,,H,,ON, requires C, 73-1; H, 6-1; 
N, 15:1%). The phenylhydrazide is moderately easily soluble in 
methyl and ethyl alcohols, acetone, or benzene, but is less readily 
soluble in light petroleum. Its nature was disclosed by the results 
of the condensation of ethyl 3 : 3-dimethylindolenine-2-carboxylate 
with phenylhydrazine. A solution of the ester (0-22 g.) and phenyl- 
hydrazine (0-2 g.) in ethyl acetate (2 c.c.) was refluxed for 5 hours. 
The product was isolated as yellow crystals (0-32 g.) and was 
recrystallised from alcohol, forming yellow rhombohedra, m. p. 
155—156°, alone or mixed with the specimen first obtained. 

The alcoholic sulphuric acid treatment of the hydrazone acid 
(10 g.) was repeated but absolute alcohol was used and in this case 
1-25 g. of ethyl 3 : 3-dimethylindolenine-2-carboxylate, 0-1 g. of 
the picrate of 2 : 3-dimethylindole, and 0-1 g. of the phenylhydrazide 
were isolated. 

3 : 3-Dimethylindolenine-2-carboxylic Acid (IIl).—A solution of 
the hydrazone acid (I) (6-0 g.) in absolute alcohol (60 c.c.) was 
saturated with dry hydrogen chloride with cooling in running water, 
and then refluxed for 3 minutes, access of moisture being prevented ; 
ammonium chloride immediately separated. After cooling, the 
solvent and the free hydrogen chloride were removed for the most 
part at room temperature in a vacuum, and an ethereal solution of 
the residue was shaken with sodium carbonate solution. For the 
treatment of the ethereal solution (A) see below. The aqueous 
solution was washed with ether, treated with charcoal, filtered, 
acidified with just sufficient dilute sulphuric acid, saturated with 
ammonium sulphate, and extracted with ether. The pale yellow 
ethereal solution was washed with water, dried over sodium 
sulphate, and evaporated, leaving 3 : 3-dimethylindolenine-2-carb- 
oxylic acid (11) as a pale yellow, crystalline substance (2-5 g.), pure 
enough for almost all purposes. It was recrystallised from ether- 
light petroleum, forming plates, m. p. 132—133° (decomp.) (Found : 
C, 70:2; H, 5-9; N, 7-5. C,,H,,O,N requires C, 69-8; H, 5-8; 
N, 7:4%). 

This acid is readily soluble in methyl and ethyl alcohols, ether, 
acetone, or benzene and is also fairly readily soluble in water, 
especially when hot, but it is sparingly soluble in light petroleum. 
It gives no picrate, and the aqueous solution is strongly acid to 
litmus. 

3: 3-Dimethylindolenine (III).—3 : 3-Dimethylindolenine-2-carb- 
oxylic acid (1-0 g.) was heated at 135—140° in a glycerol-bath for 
3 minutes, rapid evolution of carbon dioxide occurring. The 
resulting brown mass was triturated with a small quantity of benzene 
and the crystals were then collected and washed with the cold 











302 ROBINSON AND SUGINOME: EXPERIMENTS ON 


solvent (yield, 0-6 g.; m. p. 185—190°). The base crystallised from 
benzene-alcohol in colourless plates, m. p. 214—215° (Brunner, 
loc. cit., gives 215—216°) [Found: C, 82-9; H, 7-7; N, 10-2; M, 
429 (camphor). Calc. for (Cj»H,,N),: C, 82-7; H, 7-6; N, 9-7%; 
M, 435). 

After being kept for a week, the compound had m. p. 152° and 
M, 235. Both specimens gave the same picrate, which was prepared 
in ethereal solution and obtained in well-formed yellow crystals, 
m. p. 146—147° (Brunner, Joc. cit., gives 135°) (Found: N, 15-0. 
Cale. for C,,H,,0,N,: N, 15-0%). On treatment with sodium 
bicarbonate solution the free base, m. p. 172—180°, was obtained. 

Action of Dilute Sulphuric Acid on 3 : 3-Dimethylindolenine-2- 
carboxylic Acid.—The acid (0-5 g.) was boiled with 5% sulphuric 
acid for 8 hours and the cooled liquid was basified and repeatedly 
extracted with ether. 2: 3-Dimethylindole (0-25 g.), thus isolated, 
crystallised from light petroleum in plates, m. p. 104—105°, unde- 
pressed on admixture with an authentic specimen; the picrate, 
m. p. 155°, was also prepared. 

Examination of the Ethereal Solution (A).—The ethereal solution, 
which was highly fluorescent and possessed a terpene-like odour, 
was washed with water and dried over anhydrous sodium sulphate. 
A brown oily substance (2-8 g.) which remained after removal of the 
solvent crystallised when kept and was then stirred with a little 
alcohol (yield, 0-7 g.). On recrystallisation from alcohol—benzene, 
colourless crystals, m. p. 214—215°, were obtained. A mixed 
melting point with the 3: 3-dimethylindolenine obtained above 
showed no depression and the picrate, m. p. 146—147°, was also 
prepared. On concentration of the alcoholic mother-liquor of the 
indolenine in a vacuum over sulphuric acid, ethyl 3 : 3-dimethyl- 
indolenine-2-carboxylate remained in prismatic needles (0-3 g.) : 
the ester crystallised from light petroleum in colourless prisms, 
m. p. 79—80°, and was identified with the specimen previously 
obtained. 

a-Keto-8-methylbutyric Acid p-Ethoxyphenylhydrazone (VII).— 
This acid was obtained in the same way as the phenylhydrazone of 
a-keto-8-methylbutyric acid, phenetidine being substituted for 
aniline. The yield was 53—56% of that theoretically possible. 
This hydrazone acid is easily soluble in most organic solvents, and it 
crystallises from benzene in yellow needles, m. p. 128—129° (Found : 
C, 62-7; H, 7:3; N, 11-5. C,,H,,0,N, requires C, 62-4; H, 7-2; 
N, 11-2%). 

5-Ethoxy-3 : 3-dimethylindolenine-2-carboxylic Acid (VIII).—A 
solution of the preceding p-ethoxyphenylhydrazone (10 g.) in alcohol 
(100 c.c.) was saturated with dry hydrogen chloride with cooling 
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in water. The greenish-yellow solution was refluxed for 5 minutes ; 
thereafter ammonium chloride separated, and the alcohol was then 
removed under diminished pressure. The dark brown residue was 
dissolved in ether and shaken with aqueous sodium carbonate 
solution, and the aqueous layer again extracted with ether; on 
acidification with dilute sulphuric acid the ethoxydimethylindolenine- 
carboxylic acid was precipitated as a pale brown, crystalline solid. 
This was collected, washed with water, and dried (0-4 g. or 4-3% of 
that theoretically possible). It crystallised from benzene in colour- 
less needles, m. p. 161—162° (decomp.) (Found: C, 66-5; H, 6-3; 
N, 6-0. C,,H,,;0,N requires C, 66-9; H, 6-4; N, 60%). The 
acid is soluble in organic solvents with the exception of light 
petroleum but is sparingly soluble in water: the aqueous solution 
is acid to litmus. The solution in concentrated sulphuric acid is 
orange-yellow, and the acid is also fairly easily soluble in concen- 
trated hydrochloric acid to give a yellow solution. 

The poor yield of this acid is due to the ease with which it loses 
carbon dioxide. 

5-Ethoxy-3 : 3-dimethylindolenine (I1X).—The ethereal solution 
freed from acidic substances (see last section) was dried with 
anhydrous sodium sulphate, and the solvent removed, leaving a dark 
brown residue (7-5 g.). When this was kept in the ice-chest for a 
few hours, a brown substance crystallised, which was collected by 
means of a small volume of cold methyl alcohol (yield, 3-6 g. or 53% 
of that theoretically possible from the hydrazone acid) and purified 
through the picrate, obtained by treating an ethereal solution with 
picric acid : recrystallised from alcohol, this formed yellow needles, 
m. p. 145—146-5° (Found: N, 13-7. C,,H,,ON,C,H,0,N, requires 
N, 13-4%). 

A suspension of the picrate (5-0 g.) in ether (100 c.c.) was repeatedly 
shaken with aqueous sodium bicarbonate until the aqueous layer 
was colourless; the ethereal solution was finally shaken with water. 
After being dried over anhydrous sodium sulphate, the solution was 
concentrated and finally the ether was allowed to evaporate spon- 
taneously. On being kept for a few days, the indolenine crystallised 
in large stout prisms (1-4 g.), m. p. 96—98° [Found: C, 76-3; H, 
8-2; N, 7:7; EtO,* 20-6; M, 196 (camphor). C,.H,,;ON requires 
C, 76-2; H, 7-9; N, 7-4; EtO, 23-8%; M, 189]. The product was 
identified with the indolenine from the indolenine-2-carboxylic 
acid by the method of mixed melting points. 

5-Ethoxy-3 : 3-dimethylindolenine-2-carboxylic acid (0-5 g.) was 
heated above its melting point; carbon dioxide was then readily 


* For the ethoxy] determination hydriodic acid of d 1-96 was used together 
with phenol, and the experiment occupied an hour. 
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evolved, After cooling, the mass was dissolved in ether and shaken 
with aqueous sodium carbonate, and the extract washed with water. 
The indolenine was obtained from the ethereal solution in large 
prisms, m. p. 96—98°. It dissolved in acids without coloration, 

Hydrochloride. A solution of 5-ethoxy-3 : 3-dimethylindolenine 
in dilute hydrochloric acid was evaporated over solid potassium 
hydroxide, leaving a buff-coloured crystalline solid. This was 
dissolved in absolute alcohol, ether added to produce a turbidity, 
and the mixture kept in a cold place; stellate clusters of anhydrous 
needles separated, m. p. 92—93° (Found : Cl, 15-6. C,.H,;0N,HCl 
requires Cl, 15-7%). 

Chloroplatinate. The precipitate obtained in the usual way 
changed on keeping into orange-yellow needles, which were collected, 
washed with water, and dried in the air. The substance darkened at 
160° and decomposed at 270° (Found : Pt, 24-5. 2C,.H,,ON,H,PtCl, 
requires Pt, 24-8%). An attempt to prepare the chloroaurate was 
unsuccessful because a solution of the indolenine reduces auric 
chloride. 


The authors wish to thank the International Education Board of 
New York for a Fellowship awarded to one of them. 
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42. Experiments on the Synthesis of Physostigmine 
(Eserine). Part II. Synthesis of a Base which 
ts believed to be dl-Noreserethole. 


By Rosprert Ropinson and HAaRusAaDA SUGINOME. 


In extending the scope of the synthesis of indolenines, described in 
the preceding communication, so as to include the preparation of 
bases closely allied to eserine (I) it was necessary to obtain inter- 
mediates with an appropriately situated and protected amino- 


NHMe-CO-0 OMe-CH, 
H CH, 


ba 
NMe \iMe 


0 
Eto Me-CH,-CH,N<py>C.H, oan 
of 00 


group. To this end, acetaldoloxime was reduced in aqueous 
solution by means of amalgamated aluminium with formation of 


(I.) 
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y-hydroxy-n-butylamine, CH,-CH(OH)-CH,°CH,°NH, (II), and this 
base furnished phthalo-y-hydroxybutylimide, 
CH,°CH(OH)-CH,°CH,°N:(CO),:C,H, (III), 
when heated with phthalic anhydride. 
The related phthalo-y-bromobutylimide, 
CH,°CHBr-CH,°CH,"N:(CO),:C,H, (IV), 
was always prepared from the alcohol by the action of hydrogen 
bromide, but it was also obtained in poor yield by the condensation 
of wy-dibromobutane and potassium phthalimide. 

The bromo-compound and ethyl sodioacetoacetate afforded ethyl 

8-phthalimido-a«-acetyl-8-methylvalerate, 
C,H,:(CO),:N-CH,°CH,*CHMe-CH(COMe)-CO,Et (V), 

and when this ester was coupled with p-ethoxybenzenediazonium 
chloride in alkaline solution the acetyl group was eliminated and 
ethyl 8-phthalimido-«-keto-8-methylvalerate p-ethoxyphenylhydrazone, 
C,H,:(CO).:N-CH,°CH,*CHMe-C(CO,Et):N,H-C,H,-OEt (V1), formed. 
The indolenine ring-closure was effected by means of ethyl-alcoholic 
hydrogen chloride and gave ethyl 5-ethoxy-3-methyl-3-8-phthalimido- 
ethylindolenine-2-carboxylate (VII) in moderately satisfactory yield. 

The next stage in the synthesis was the replacement of the 
carbethoxy-group by a hydrogen atom. This was attempted by a 
great variety of methods, none of which was entirely successful, 
although the desired base (IX) was ultimately obtained in about 
7% yield. 

If the. phthalimido-group was first removed, cyclic lactams (see 
below) were produced, and these resisted further degradation; on 
the other hand, the carbethoxy-group could not be hydrolysed with- 
out affecting the phthalimido-group. Attempts to improve matters 
by working with the metho-salts of the indolenine ester (VII) were 
also fruitless. 

Hydrolysis of (VII) by means of ethyl-alcoholic potassium 
hydroxide gave the dicarboxylic acid (VIII) in nearly theoretical 
amount. When this was heated in boiling xylene solution, it gave 


EtO CMe-CH,:CH,-NH 
Once go (viIL) 


} CO,H-C,H, 


BOC ashe et oe ‘i 
TX, 
| Jeu (Es) 

N 
the indolenine (IX); the chief product, however, was a neutral 
substance which we regard as NN’-phthaloyldinoreserethole (X). The 
latter is a very stable substance and resists hydrolysis even by means 
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of powerful reagents. When the dicarboxylic acid was heated alone, 
it gave the same products, and, in addition, a small relative amount 
of 5-ethoxy-3-methyl-3-6-phthalimidoethylindolinone (XI) was 
obtained as the result of oxidation. 


EtO ——CMe-CH,°CH,N:(CO),:CgH, 
Et ——CMe— ‘H, Ve 
' XI. 
\ / CBN fe NH (XI.) 


‘| 
CO. CO EtO, CMe-CH,-CH,"N:(CO),:C,H, 
oH, \ fH / (XII.) 


ey NMe “ SO,Me 





The transformation of the indolenine base (IX) into di-noreser- 
ethole (XIV) proceeds smoothly; the methosulphate (XII) of (IX) 
was treated successively with hydrazine in alcoholic solution and 
with hydrochloric acid. 


EtO/ \——CMe-CH, EtO CMe—CH, 
fou wa \ /CA\_/CHy 
(XIIT.) Me 2 NMe NH (XIV.) 
— 


x 


An intermediate product of the form (XIII) doubtless undergoes 
ring-closure by addition of the side-chain amine group to the 
indoleninium unsaturated system, the process being entirely 
analogous to a condensation of cotarninium hydroxide or to the 
formation of a cyclic acetal from a hydroxy-carbonyl compound, 
for example, «- or 8-glucose from the open-chain hexose. 

The base (XIV) is an oil but has been characterised by means of 
the hydrochloride, the picrate, and the chloroplatinate. It is signi- 
ficant that the substance is mono-acid towards hydrochloric and 
picric acids but behaves as a di-acid base towards chloroplatinic 
acid. 

On treatment with dry methyl sulphate in benzene solution, the 
secondary amino-group is methylated and a syrup having the 
composition and properties anticipated for dl-eserethole is obtained ; 
a description of this part of the investigation is reserved for a future 
communication. 

The action of hydrazine, followed by hydrochloric acid, on the 
indolenine ester (VII) furnishes the ketoethoxymethyltetrahydro-y- 
carboline (XV), which is easily reduced to a dihydro-derivative 
(XVI, R=H). The y-carboline yields a methosulphate which can 
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be reduced with formation of an ethoxyketodimethylhexahydro- 
carboline (XVI, R = Me). 


CH, CH, 
6 \ 
xv.) Eto ~ CH, EtO Me CH, 
Va NH CH NH (*¥1.) 


oN, 6 RNS 


In order to avoid some of the difficulties mentioned above we 
projected the preparation of the indolenine base (IX) directly from 
the appropriate ethoxyphenylhydrazone, 

EtO-C,H,-NH-N:CH-CHMe-CH,:CH,°N:(CO),:C,H,. 
This investigation has not yet been completed, but a description of 
the preparation of y-phthalimido-«-methylbutyric acid, 
C,H,:(CO),:N-CH,°CH,*CHMe-CO,H (XVII), 
is appended in order to draw attention to an interesting side re- 
action. 

The condensation of phthalo-§-bromoethylimide and _ ethyl 
sodiomethylmalonate with formation of ethyl methyl--phthalimido- 
ethylmalonate, C,H,:(CO),:-N-CH,°CH,-CHMe(CO,R), (XVIII, R = 
Et), proceeds smoothly in dry benzene solution, but in alcoholic 
solution, following Aschan (Ber., 1890, 23, 3692), the yield was 
poor and a base, C,.H,,0,N, was isolated as a picrate. This base, 
on hydrolysis with boiling aqueous sodium hydroxide, gave rise to 
sodium phthalate and ethyl alcohol, so its constitution must be 
represented by (XIX). Its formation by the action of alcoholic 
sodium ethoxide on phthalo-8-bromoethylimide may be represented 
by the ae scheme : 


CO,N 
CH<C O>N: ‘CH,CH,Br —> C.H,<Co?nH- CH,-CH,Br 


CO-O—CH, ' CO-0-CH,°CH,-NH, 
CH CONE CH ee ae CO,Et (XIX.) 

In the series of indolenine derivatives containing a quaternary 
group and an ethoxyl group it was found that the elementary 
analyses frequently gave a low value for the carbon content (0-5— 
0-8). By using a specially hot furnace and slow combustion, 
normal results were obtained in two typical cases of this kind, and 
the low results are doubtless due to loss of a simple hydrocarbon 
from the ethoxyl or quaternary carbon group. 


EXPERIMENTAL. 


y-Hydroxy-n-butylamine (I1).—The chloroaurate of this base has 
been described by Levene and Haller (J. Biol. Chem., 1926, 69, 
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573), who obtained it by an application of the Curtius method, but 
the free base does not appear to have been previously obtained. 

Acetaldoloxime (compare Wegscheider and Spath, Monatsh, 
1910, 31, 1023) was prepared in the following manner and, as it 
could not be distilled undecomposed, the crude substance was 
employed for reduction. 

A fresh solution of aldol (88 g.) in alcohol (170 c.c.) was added to 
one of hydroxylamine hydrochloride (88 g.) in water (264 c.c.), 
and potassium hydroxide (70-4 g.) dissolved in alcohol was introduced 
in the cold. The mixture was heated at 40—50° for 30 minutes 
and kept for 12 hours, and the solvent then removed under 
diminished pressure at 40°. The oxime was isolated by means of 
ether as a colourless syrup (79 g. or 77%). 

Amalgamated aluminium foil (120 g.) was added to a solution of 
acetaldoloxime (103 g.) in water (2500 c.c.) cooled in running water. 
After 48 hours the filtrate and washings from the aluminium hydr- 
oxide along with hydrochloric acid (100 c.c., d 1-16) were concen- 
trated under diminished pressure and the viscous brownish residue 
was dried as completely as possible at 60° in a vacuum. It was 
then mixed with powdered potassium hydroxide (120 g.) and the 
base was distilled, then dried over solid potassium hydroxide, and 
distilled over anhydrous barium oxide (ca. 30 g.) (yield, 47—53 g. ; 
b. p. 165—175°). Such a specimen was pure enough for our purposes ; 
redistilled over barium oxide, the base had b. p. 172°/755 mm, 

The chloroplatinate, prepared by mixing concentrated solutions 
of the hydrochloride and platinic chloride, crystallised from methyl 
alcohol in orange-yellow plates, m. p. 206° (decomp.) (Found : 
Pt, 33-0. C,,.H,,O,N,Cl,Pt requires Pt, 33-2%). 

The picrate crystallised from alcohol in stout yellow prisms, m. p. 
122° (Found: C, 37-8; H, 4-0; N, 17-7. C,)H,,O,N, requires C, 
37:7; H, 4-4; N, 17-6%). 

Phthalo-y-hydroxybutylimide (III)—When powdered phthalic 
anhydride (148 g.) and the butanolamine (89 g.) were mixed, an 
exothermic reaction set in; the process was completed by heating 
(oil-bath at 210°) until no further separation of water occurred. 
The dark brown product was employed directly for the conversion 
into bromide. A portion was dissolved in a large volume of light 
petroleum and after concentration the substance crystallised in 
colourless stellate clusters of needles, m. p. 47—48° (Found: C, 
65-2; H, 5-9; N, 63. C,,H,,0,N requires C, 65-7; H, 5-9; N, 
6-4%). The substance is freely soluble in most organic solvents. 

Phthalo-y-bromobutylimide (IV).—The crude hydroxy-compound 
(from 89 g. of the butanolamine), mixed with hydrobromie acid 
(200 g., saturated at 0°), was heated on the steam-bath for an hour. 
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The bromo-compound was isolated by means of ether as a crystalline 
cake (245 g.) and was recrystallised from 75% alcohol (yield, 164— 
172 g.; ca. 60% on the butanolamine), forming colourless needles, 
m. p. 56-5—57°, readily soluble in most organic solvents (Found : 
C, 51-1; H, 4-0; N, 5-4; Br, 27-8. C,,H,,.O,NBr requires C, 51-1; 
H, 4:3; N, 5-0; Br, 28-3%). 

When a smaller proportion (e.g., 1-5 mols.) of hydrobromic acid 
was employed in this preparation, the yield was diminished owing to 
the simultaneous formation of methyl-8-phthalimidoethylcarbinyl 
hydrogen phthalate, C,H,:(CO),:.N-CH,*CH,*CHMe-0-CO-C,H,°CO,H. 
This by-product was isolated from the sodium carbonate washings of 
the bromo-compound. It crystallised from benzene in colourless, 
thick, rhombic plates, m. p. 101° (Found: N, 4-0. C, 9H,,0,N 
requires N, 3-8%), easily soluble in the simple alcohols, acetone, 
ethyl acetate, chloroform and benzene, less readily soluble in ether, 
and sparingly soluble in light petroleum. 

The constitution of the substance was proved by the following 
experiment. The by-product (14-7 g.) was heated with 80% 
hydrobromic acid (37 c.c.) for 1 hour on the steam-bath ; it was then 
possible to isolate phthalo-y-bromobutylimide (10-7 g.; almost 
theoretical yield), m. p. 57°, and phthalic acid (6-5 g.), yielding the 
anhydride, m. p. 128°. 

Ethyl 8-Phthalimido - « - acetyl -8-methylvalerate (Y).—Phthalo -y- 
bromobutylimide (282 g.) and sodium iodide (3-0 g.) were added to a 
solution of ethyl potassioacetoacetate (47 g. of potassium, 350 c.c. 
of ethyl alcohol, and 170 g. of ethyl acetoacetate), and the mixture 
refluxed for 22 hours with protection from carbon dioxide and 
moisture. After neutralisation by means of acetic acid the materials 
volatile in steam were removed and the product was isolated by 
means of ether (276—314 g. or 883—95%) and-purified by continuous 
extraction with light petroleum (yield, 242—248 g. or 783—75%). 
The ester so obtained was a colourless syrup which was pure enough 
for most purposes ; a specimen was distilled, b. p. 215—217°/1 mm. 
(Found: C, 65-6; H, 65; N, 4-4. C,.H,,O,N requires C, 65-2; 
H, 6-4; N, 42%). The preparation of this substance does not 
proceed so conveniently in the absence of an iodide, or if sodium is 
used instead of potassium. 

Ethyl %8-Phthalimido-«-keto-8-methylvalerate p-Ethoxyphenylhydr- 
azone (V1).—Crystallised sodium acetate (20 g.) was added to an 
ice-cold solution of p-ethoxybenzenediazonium chloride [from 
27-4 g. of p-phenetidine, 40 c.c. of hydrochloric acid (d 1-16), 14-2 g. 
of sodium nitrite, and 90 c.c. of water] and this solution was gradually 
introduced, below 0°, into one of ethyl phthalimidoacetylmethyl- 
valerate (66-2 g.) in alcoholic sodium ethoxide (400 c.c.; 4-6 g. of 
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sodium). After the addition of much water the dark reddish- 
brown oil was collected, preferably on a large moistened filter-paper, 
dissolved as far as possible in ether, and freed from acidic impurities 
by washing with aqueous sodium carbonate. The residue, after 
removal of the solvent, crystallised after being kept in the ice-chest. 
The hydrazone was washed with a little alcohol (yield, 9-5—10-3 g.) 
and crystallised from alcohol or ethyl acetate, forming orange- 
yellow rosettes, m. p. 108—109° (Found : C, 65-6; H, 6-1; N, 9-8. 
C,,H,,0;N, requires C, 65-9; H, 6-2; N, 9-6%), readily soluble in 
most organic solvents, somewhat sparingly soluble in ether, and 
very sparingly soluble in light petroleum. 

The conditions for the preparation of this substance were studied 
by conversion of the crude product into the readily crystallised 
indolenine ester (see below). In the presence of various reagents 
the yields of indolenine ester from phthalimido-ester were the follow- 
ing: alcoholic sodium ethoxide, 15—19; sodium hydroxide, 10; 
sodium carbonate, 6; sodium acetate, 2%. 

Hydrolysis of the crude hydrazone-ester gave no crystalline acid 
and the oil gave no trace of an indolenine derivative on appropriate 
treatment. This is doubtless due to the opening of the phthalimide 
ring and recalls the experience of Manske, Perkin, and Robinson 
(J., 1927, 9) that indole ring-closure, possible with a phthalimide 
derivative, did not occur with the related phthalamic acid. 

Ethyl 5-Ethoxy-3-methyl-3-(8-phthalimidoethyl)indolenine-2-carb- 
oxylate (VII).—A suspension of the pure ethoxyphenylhydrazone 
(8-7 g.) in alcohol (80 c.c.) was saturated with hydrogen chloride 
with cooling, and the mixture refluxed for 5 minutes and then 
concentrated under diminished pressure. Sodium carbonate 
solution was added to the viscous reddish residue until this was 
alkaline to litmus and, on keeping in the ice-chest, a pasty mass of 
crystals was obtained; this was stirred with ether and the solid 
collected (3-4—3-8 g., or 41—45%). The substance crystallised 
from alcohol (charcoal) in nearly colourless prisms, m. p. 132—133° 
(Found: C, 68-1; H, 5-6; N, 6-6. C,,H,,0;N, requires C, 68-5; 
H, 5-8; N, 6-7%). It is freely soluble in chloroform, moderately 
easily soluble in the alcohols, acetone, acetic acid, ethyl acetate 
and benzene, but sparingly soluble in ether and light petroleum. 
The solution in concentrated hydrochloric or sulphuric acid is 
orange and becomes colourless on the addition of water. The 
over-all yield from phthalimido-ester was only 9—11%, but this 
was increased to 15—18-5% by omitting the purification of the 
p-ethoxyphenylhydrazone. The crude product from phthalimido- 
ester (66-2 g.) was dissolved in alcohol (200 c.c.) and worked up as 
before (yield, 12-6—15-6 g.). — 
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Methosulphate. A mixture of the indolenine ester (1-05 g.), 
methyl sulphate (0-5 g.), and dry benzene (2 c.c.) was heated for 6 
minutes; a heavy layer then separated. Ether was added, the 
upper layer decanted, and the residue washed with ether ; on keeping, 
it crystallised (1-2 g., m. p. 5|0—60°) (Found : S, 6-3. C,,.H5,0,N,S 
requires 8, 5-9%), but recrystallisation was not feasible. The salt 
dissolves in water, acetic acid or even many neutral organic solvents, 
to a solution that exhibits an intense bluish-green fluorescence; on 
the addition of concentrated hydrochloric acid the fluorescence dis- 
appears and the solution becomes lemon-yellow. An attempt to 
oxidise this compound in acetone solution by means of potassium 
ferricyanide in the presence of potassium hydroxide appeared to 
proceed normally and potassium ferrocyanide separated after an 
exothermic reaction. The product was isolated by extraction with 
benzene and crystallised from alcohol, forming pale buff-coloured 
rhombohedra, m. p. 116° (decomp.) (Found: C, 66:3; H, 6-3; N, 
6-2. C,;H,,0O,N, requires C, 66-4; H, 6:2; N, 62%). The 
substance appears to be the methohydroxide; it is soluble in acetic 
acid to a bluish-green fluorescent solution and in dilute hydrochloric 
acid to a lemon-yeliow non-fluorescent solution. 

5-Ethoxy-3-methyl-3-(8-0-carboxybenzamidoethyl)indolenine -2- carb - 
oxylic Acid (VIII).—A solution of potassium hydroxide (5-0 g.) in 
water (2-5 c.c.) and alcohol (30 c.c.) was added to a suspension of the 
indolenine ester (16-8 g.) in 95% alcchol (30 c.c.) with cooling in 
ice-water and occasional shaking; after 2 hours the mixture was 
homogeneous and shortly afterwards a potassium salt separated 
and water (60 c.c.) was added. After 12 hours’ keeping at room 
temperature the alcohol was removed in a vacuum, the. residue 
dissolved in water, and the acid precipitated by means of hydro- 
chloric acid as a flocculent mass which became more definitely 
crystalline on keeping; it was then collected and dried (15-6 g. or 
95%). On heating, this acid decomposes gradually from 90—150° ; 
it is soluble in concentrated hydrochloric acid to a greenish-yellow 
solution, in concentrated sulphuric acid to an orange-yellow solution, 
and in acetic acid to a green solution; all the colours are discharged 
on the addition of water. 

The acid could not be recrystallised, but its dipotassium salt 
separated from alcohol in colourless prisms, m. p. 290° with softening 
at 283° (Found in air-dried material : C, 51-7; H, 4-5; N, 5-8; loss at 
105° in a high vacuum over phosphoric anhydride, 3-6. 

C22H90,N.K,,H,O 
requires C, 52-4; H, 4-4; N, 5-6; H,O, 36%). 

The mother-liquor from the preparation of the dicarboxylic acid 

deposited a second colourless substance (0-5 g.) in crystals, m. p. 
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270° (decomp.). This is an acid, soluble in aqueous sodium carbonate 
and precipitated by hydrochloric acid, but it was not further 
investigated. ’ 

5 - Ethoxy -3- methyl -3-(8-phthalimidoethyl)indolenine (IX).—Dry 
xylene (65 c.c.) in which the indoleninedicarboxylic acid (VIII) 
(2-5 g.) was suspended was refluxed for 3 hours; the evolution of 
carbon dioxide had then ceased. The indolenine base was extracted 
by shaking with several small volumes of dilute hydrochloric acid 
and the filtered combined extracts were basified with sodium carbon- 
ate, causing the precipitation of the desired product in a crystalline 
condition (0-14—0-18 g. or 6-6—8-5%). The base crystallised from 
alcohol in needles, m. p. 123—124°. (Found: C, 71-6; H, 5-7; N, 
8-0; EtO, 13-4. C,,H 0,N, requires C, 72-4; H, 5-7; N, 8-0; 
EtO, 12-9%), freely soluble in most organic solvents but sparingly 
soluble in light petroleum. The picrate crystallised from alcohol 
in orange-yellow rosettes, m. p. 156—157° (Found: C, 56:3; H, 
4-4; N, 12:3. C,,H,,0,)N, requires C, 56-2; H, 4:0; N, 12-1%). 

The methosulphate (XII) was prepared by heating a mixture of the 
base (0-5 g.), pure methyl sulphate (0-3 g.), and benzene (2 c.c.) for 
2 minutes; on cooling, the viscous oil that had separated crystal- 
lised and it was then collected and washed with ether (yield, 0-61 g.). 
The derivative crystallised from alcohol-ether in stellate clusters of 
colourless needles, m. p. 153—154° (Found: 8, 6-7. C,3;H,,0,N,8 
requires, 8, 6-8%). 

NN’-Phthaloyldinoreserethole (X) and 5-Ethoxy-3-methyl-3-(8- 
phthalimidoethyl)indolinone (X1I).—The xylene solution from which, 
as described in the last section, the indolenine base had been removed 
by means of dilute hydrochloric acid was washed with aqueous 
sodium carbonate, some chloroform being added to dissolve solid 
that separated during the process; the aqueous layer afforded 
0-3 g. of an acid, decomp. 170°. The chloroform—xylene solution 
was dried, the solvent removed, and the residue triturated with 
methyl alcohol. The solid thus obtained (0-91 g., m. p. 215—216°) 
crystallised from much alcohol or ethyl acetate in stout colourless 
prisms, m. p. 218—219° (Found: C, 71-6, 71:7; H, 6-2, 6-1; N, 
8-2, 8-1, 8:1; EtO, 12-6. C,,H,,0,N, requires C, 72-4; H, 5:7; 
N, 8-0; EtO, 12-9%). This neutral substance is readily soluble in 
chloroform, moderately readily soluble in hot alcohol, acetone, ethy! 
acetate or acetic acid, and sparingly soluble in ether and light 
petroleum. The solution in sulphuric acid is lemon-yellow, be- 
coming colourless on addition of water. 

The unchanged substance was recovered after refluxing with 
alcoholic potassium hydroxide for 24 hours. Boiled under reflux 
with a mixture of equal volumes of acetic acid and concentrated 
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hydrochloric acid, it afforded equal amounts of a base, the investig- 
ation of which is not complete, and of the indolinone derivative, 
m. p. 168—169°, mentioned below. 

In the course of attempts to improve the yield of indolenine base 
the thermal decomposition of the dicarboxylic acid (VIII) was 
investigated under a variety of conditions and the following example 
is selected for description. 

The dicarboxylic acid (7-1 g.) was gradually heated (oil-bath) to 
190° during 20 minutes; the production of water, carbon dioxide, 
and phthalic anhydride was then observed. When the decomposi- 
tion ceased, the residue was cooled and treated with a small volume 
of methyl alcohol. The NN’-diphthaloyldinoreserethole (2-37 g., 
m. p. 214—216°) was thus isolated as a solid and after crystallisation 
from ethyl acetate had m. p. 218—219°. The mother-liquor from 
these crystals was evaporated in an evacuated desiccator over 
sulphuric acid, the dark brown residue (3-96 g.) taken up in benzene, 
and the extract washed with aqueous sodium carbonate and with 
water and dried. The solvent was again removed under diminished 
pressure, and the residue dissolved in a little methyl alcohol and kept 
in the ice-chest; a yellow crystalline substance which separated 
(0-6 g., m. p. 168°) was recrystallised from ethyl acetate, forming 
large yellow rhombohedra, m. p. 169—170° (Found: C, 68-4; H, 
55; N, 7-9; EtO, 12-1. C,,H, 0,N, requires C, 69-2; H, 5-5; N, 
7-7; EtO, 12-4%). 

The substance is considered to be 5-ethoxy-3-methyl-3-(8-phthal- 
imidoethyl)indolinone (XI); it is much more readily soluble in most 
organic solvents than the compound, m. p. 218—219°, described 
above, but it is very sparingly soluble in ether and light petroleum. 
The solution in concentrated sulphuric acid is dark green. 

The final mother-liquor furnished a small, unworkable quantity 
of the indolenine base (1X). 

Similar results were obtained when the dicarboxylic acid was 
heated in a vacuum with the use of a nitrobenzene-vapour bath. 

The action of acetic anhydride on the dicarboxylic acid (VIII) in 
boiling benzene solution gave a small yield (ca. 3%) of a substance 
that crystallised from much alcohol in colourless rhombohedra, 
m. p. 228° (Found: C, 66-5; H, 5-1; N, 6-8%). This unidentified 
neutral substance gives a lemon-yellow solution in sulphuric acid 
and, on the addition of water, it is precipitated unchanged from a 
colourless liquid. The action of acetic anhydride alone on the 
dicarboxylic acid (VIII) did not afford this compound and the acid 
was decomposed with formation of phthalic anhydride in quantit- 
ative amount; the other products could not be purified. 

dl-Noreserethole (XIV).—A solution of the methosulphate (XII) 
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(0-3 g.) and hydrazine hydrate (0-3 g.) in alcohol (3 c.c.) was boiled 
for 5 minutes; woolly crystals then separated, and after acidific- 
ation with hydrochloric acid the phthalhydrazide was collected. 
The filtrate was evaporated in an evacuated desiccator over sulphuric 
acid, the crystalline residue dissolved in water, and the base liberated 
by potassium hydroxide and isolated by means of ether (yield, 0-13 g. 
or 89%). The syrup is a strong base (litmus) and it could not be 
crystallised. The hydrochloride was obtained by concentrating a 
solution (which on keeping became blue) of the base in dilute hydro- 
chloric acid in an evacuated desiccator and crystallising the residue 
from absolute alcohol. The faintly bluish-grey needles had m. p. 
191—192° (Found in air-dried material: C, 61-8, 61-7; H, 7-7, 
8-1; N, 10-4; Cl, 13-8. C,H, ON,,HCI requires C, 62-6; H, 7-8; 
N, 10-4; Cl, 13-2%). 

The chloroplatinate crystallised from aqueous solution in small 
yellowish-brown prisms, which darkened at 185° and charred 
gradually above this temperature but did not melt (Found in an 
air-dried specimen: loss at 130° in a vacuum over phosphoric 
anhydride, 4-0. Found in anhydrous salt: Pt, 30-5. 

C,H ON,,H,PtCl,,14H,O 
requires 1$H,O, 40. (C,,H,,ON,,H,PtCl, requires Pt, 30-49%). 

The picrate, prepared in ethereal solution, crystallised from alcohol 
in reddish-orange prisms, m. p. 180—181° (Found: C, 52-1; H, 
53; N, 15:1. Cy 9H,,0,N, requires C, 52-1; H, 5-0; N, 15-2%). 

dl-Eserethole.—dl-Noreserethole (0-7 g.) was dissolved in ethyl 
acetate (0-5 c.c.), benzene (2 c.c.), and dry neutral methyl sulphate 
(0-4 g.) and kept in the ice-chest ; the precipitated syrup crystallised. 
The substance was washed with ether and dissolved in water, and the 
base rendered to ether. The ethereal solution was dried over solid 
potassium hydroxide and distilled. The pale yellow oily base 
distilled without decomposition near 200°/1 mm., but the boiling 
point was not determined owing to the small quantity available 
(Found: C, 72-9; H, 9-0. C,;H,.ON, requires C, 73-2; H, 8-9%). 
Unlike the majority of the analyses recorded in this memoir, this 
was a macro-analysis (0-0921 g.) carried out slowly in a long, hot, 
lead chromate tube. It is hoped that a further description of this 
base and its derivatives may be submitted to the Society in a short 
time. 

It is probable that the same substance was obtained by the action 
of aqueous formaldehyde and formic acid on the noreserethole at 
135—165° in a sealed tube (compare Hess and Leibbrandt, Ber., 
1917, 50, 1385). The product, isolated after 7 hours’ heating, was 
an oily base, differing from the initial material, but not yielding 
characteristic salts. 
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3-Keto-10-ethoxy-7-methyl-3 : 4 : 5 : 6-tetrahydro-4-4-carboline (XV). 
—A solution of the indolenine ester (VII) (2-1 g.) in alcohol (5 c.c. 
of 95%) containing hydrazine hydrate (0-16 g.) was boiled for 5 
minutes; an insoluble crystalline substance then separated. This 
was decomposed by addition of hydrochloric acid (3 c.c., d 1-16) and 
heating, the phthalhydrazide separated, and the filtrate concentrated 
in an evacuated desiccator and again filtered from a deposit. The 
clear orange-yellow solution was basified; the lactam, precipitated 
as an oil which soon crystallised (0-5 g. or 41%), was recrystallised 
from alcohol, forming colourless needles, m. p. 194—195° (Found : 
C, 68-7; H, 6-7; N, 15-5; EtO, 17-8. C,,H,,0,N, requires C, 
68-8; H, 6-6; N, 15-5; EtO, 18-4%). The substance is sparingly 
soluble in the common organic solvents and its alcoholic solution 
has a blue fluorescence. It is soluble in dilute acids to orange- 
yellow solutions. 

When the indolenine ester (2-1 g.) was decomposed with hydrazine 
hydrate (2 ¢.c.) under similar conditions of reaction and isolation, 
another substance (1-0 g.) was obtained which formed faintly 
brownish prisms, m. p. 111—112°, from alcohol (Found: C, 65:7; 
H, 7:8; N, 10-2%). 

Methosulphate of (XV). When a mixture of the lactam (0-4 g.), 
pure methyl sulphate (0-4 g.), and benzene (2 c.c.) was heated, the 
derivative separated in the course of a few minutes. It crystallised 
on cooling and the greenish-yellow substance (0-56 g.) was collected 
and washed with ether. It separated from alcohol in greenish- 
yellow rhombohedra which darkened at 145°-and decomposed at 
162° (Found: S, 8-4. C,,H,.0,N,S requires 8S, 86%). The 
derivative could also be prepared in alcoholic solution, but the yield 
was inferior. 

3-Keto-10-ethoxy-7-methyl-3 : 4:5:6:7 : 2-hexahydro-4-carboline 
(XVI, R = H).—This substance was obtained by reducing the 
lactam (XV) in the manner described below for its methosulphate ; 
the yield was theoretical. It crystallised from alcohol in colourless 
needles, m. p. 192—193-5° (Found: C, 67-9; H, 7:3; N, 11°8. 
C,4H,,0,N, requires C, 68:2; H, 7:3; N, 11-4%). The substance 
is soluble in acids to colourless solutions and it is moderately 
readily soluble in most organic solvents but is sparingly soluble in 
light petroleum. 

3-Keto-10-ethoxy-1 : 7-dimethyl-3 : 4: 5:6: 7 : 2-hexahydro-4-carb- 
oline (XVI, R = Me).—Zine dust (1-2 g.) was added to a solution of 
the methosulphate of the lactam base (XV) (0:5 g.) in hydrochloric 
acid (5 c.c., d 1-16): reduction occurred at once with evolution of 
heat. The filtered solution was rendered strongly alkaline by means 
of potassium hydroxide; the solid base crystallised from alcohol in 
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colourless prisms, m. p. 148—149° (Found: C, 68-8; H, 7-7; N, 
10-8. C©,;H,,0,N, requires C, 69-2; H, 7-7; N, 108%). The 
substance is soluble in acids to colourless solutions; it is sparingly 
soluble in ether and in light petroleum but readily soluble in most 
other organic solvents. 

Ethyl Methyl-6-phthalimidoethylmalonate (XVIII, R= Et).— 
Ethyl methylmalonate (75 g.) was gradually introduced into a 
suspension of sodium (8-2 g., granulated with toluene) in benzene 
(200 c.c.), and the formation of the sodio-compound completed by 
heating for 2 hours on the: steam-bath. Powdered phthalo-8- 
bromoethylimide (68 g.) and sodium iodide (2-0 g.) were then added 
and the mixture was refluxed for 24 hours. The reaction product 
was neutralised with acetic acid and subjected to distillation in 
steam, and the product isolated from the non-volatile portion by 
means of ether. The crystals, obtained by cooling below 0°, were 
triturated with a mixture of alcohol (1 vol.) and light petroleum 
(5 vols.), collected, and washed (yield, 34-8—40 g. or 40—46%). 
The ester crystallised from light petroleum in stout colourless prisms, 
m. p. 72-5—73° (Found: C, 62-2; H, 5-9; N, 42. C,,H,,O,N 
requires C, 62-2; H, 6-1; N, 40%). 

The methyl ester (XVIII, R = Me), obtained in a like manner, 
crystallised from light petroleum in colourless prisms, m. p. 85— 
85-5° (Found: C, 60-4; H, 56; N, 4:5. C,,H,,O,N requires C, 
60-2; H, 5-4; N, 44%). 

6-Aminoethyl Ethyl Phthalate (XIX).—When the condensation of 
phthalo-6-bromoethylimide with ethyl sodiomethylmalonate was 
effected in alcoholic solution, aside-reaction occurred and the product 
was difficult to crystallise and was obtained in inferior yield (compare 
Aschan, loc. cit.). The crude product (from 33 g. of phthalo- 
8-bromoethylimide) was dissolved in ether, and ethereal picric acid 
added until no more yellow precipitate was formed. The picrate 
(14-6 g.) crystallised from alcohol in yellow needles, m. p. 155—156° 
(Found: N, 12-3. C,,H,,0,,N, requires N, 12-0%%). 

The oily base from the picrate could not be crystallised, but the 
hydrochloride crystallised from alcohol-ether in colourless plates, 
m. p. 113° (Found: OC, 52-7; H, 58; N, 54; Cl, 13-2. 
C,.H,,0,N,HCl requires C, 52-6; H, 5-9; N, 5-1; Cl, 13-0%). 

A boiling 5% solution of sodium hydroxide quickly dissolved the 
base and the solution was distilled; alcohol was recognised in the 
distillate and, on acidification of the residue, phthalic acid was 
precipitated and readily identified. 

Methyl-8-phthalimidoethylmalonic Acid (XVIII, R = H).—The 
ethyl ester was hydrolysed by boiling hydrochloric acid (20 vols., 
d 1-16) for 3 hours, any loss’of the acid being made good, and the 
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clear colourless solution was concentrated on the steam-bath. The 
residue was diluted with water, and the solid acid collected (yield, 
90%); it was already pure after being washed and dried (Found : 
C, 58-0; H, 4:7; N, 4:4. ©,,H,,0,N requires C, 57-7; H, 4:5; 
N, 48%). In a similar manner the hydrolysis of the methyl ester 
was complete in 45 minutes and the yield of acid was 95%. 
y-Phthalimido-«-methylbutyric Acid (XVII).—The methylphthal- 
imidoethylmalonic acid decomposed at 170—180° (cymene-bath) in 
5 minutes. The product crystallised from benzene—light petroleum 
in colourless stellate groups, m. p. 112—113° (Found: C, 63:2; 
H, 5-1; N, 5-6. C,,H,,0,N requires C, 63-1; H, 5-3; N, 5:7%),. 


We wish to thank the International Education Board of New 
York for a Fellowship awarded to one of us. 
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43. Experiments on the Synthesis of Physostigmine 
(Eserine). Part III. Synthesis of Desethoxyde- 
hydroeseretholemethine. 


By Hersert 8. Boyp-Barrett and Ropert ROBINSON. 


By the oxidation of eseretholemethine, Stedman and Barger (J., 
1925, 127, 247) obtained dehydroeseretholemethine (1) : the synthesis 
of this substance would obviously be of interest, since the quaternary 
carbon group of physostigmine occurs unmodified in the derivative. 
The present communication describes the method which has been 
devised for the preparation of a simpler base, which, however, is 
closely related to (I), being, in fact, its desethoxy-derivative (II). 


Et CMe-CH,‘CH,"NMe, e-CH,*CH,NMe, 
7: fo 10 
(I.) NMe NMe (II.) 


y-Phenoxypropylacetone was obtained by an application of the 
acetoacetic ester synthesis, and its phenylhydrazone, heated with 
alcoholic sulphuric acid, furnished an indole derivative (III or 
IV). 

The colour reactions do not indicate the presence of a free position 
in the pyrrole nucleus, so (III) is probably correct ; a further argu- 
ment is that, in the later stages, (IV) would lead to products with 
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an additional methylene group, and this is not indicated by the 
analyses. 


CH,°CH,°OPh 
sales CO OD CH,-CH,-CH,OPh (Y-) 


NH 
The indole derivative (III) was heated with methyl iodide and 
methyl alcohol at 120° in an autoclave and | : 2 : 3-trimethyl-3-8- 


phenoxyethylindoleninium iodide (V) was obtained. The related 
base was oxidised by potassium permanganate in acetone solution 
with formation of the syrupy indolinone (V1), of which a crystalline 
dinitro-derivative was prepared. 


Ca ——(CMe-CH,-CH,OPh 
Fm CO 


e e 
(V.) I (VI.) 


The action of fuming hydrobromic acid on (VI) furnishes the 
bromoethyl derivative (VII), and substituted amino-groups can be 
introduced into the side chain by treatment of the bromide with 
amines; for instance, the action of dimethylamine yields (II), and 
methylamine the base (VIII). 

We are of the opinion that it should be possible to effect the ring 
closure of substances of type (VIII), but this has not yet been 
investigated. 


Me-CH,°CH,Br Me-CH,°CH,*NHMe 
2 2 2 2 

a /&O [ /E0 

(VII.) NMe NMe (VIII.) 


EXPERIMENTAL. 


y-Phenoxypropylacetone.—Powell and Adams (J. Amer. Chem. 
Soc., 1920, 42, 651) mentioned this ketone and stated that a descrip- 
tion would follow, but we have been unable to find further details 
in the literature. 

Ethyl acetoacetate (108 g.) and then §-phenoxyethyl bromide 
(182 g.; compare “ Organic Syntheses,” IX, 73) were added to a 
solution of sodium ethoxide (19 g. of sodium in 420 c.c. of alcohol), 
and the mixture refluxed for 12 hours. The crude product was 
isolated and agitated with aqueous sodium hydroxide (700 c.c. of 
5%) for 5 hours; it then passed almost completely into solution. 
The aqueous layer was separated, carefully mixed with sulphuric 
acid (100 g. of 50%), and distilled in steam. The ketone separated 
from the distillate in colourless leaflets (50 g.), m. p. 51—53°. The 








a ett Url lUC lOO 


— fk ee Ole, hlUvhhkUlUlC lO 





he 


7.) 


od 


ed 
on 
ne 


he 
be 
th 
nd 


en 


ils 


de 

a 
l), 
as 
of 


ric 


he 





THE SYNTHESIS OF PHYSOSTIGMINE (ESERINE). PART 1. 319 


substance crystallised from light petroleum in thin colourless plates, 
m. p. 55° (Found: C, 73-8; H, 7-9. C,,H,,0, requires C, 74-2; 
H, 7-9%). 

The semicarbazone separated from alcohol in colourless plates, 
m. p. 140° (Found: N, 18-2. C,,H,,0O,N, requires N, 17-9%). 

2-Methyl-3-8-phenoxyethylindole (III).—The phenylhydrazone of 
y-phenoxypropylacetone was not isolated. The ketone (45 g.), 
phenylhydrazine (30 g.), and alcohol (100 c.c.) were refluxed for 
1 hour. Sulphuric acid (18 g.) was gradually added with cooling, 
and the mixture heated for 2 hours. Considerable darkening 
occurred and, on cooling, the solution deposited ammonium sulphate. 
Addition of water caused separation of a reddish oil, which was taken 
up with ether and washed with aqueous sodium bicarbonate. After 
drying and removal of the ether, the residue was distilled as a thick 
yellow oil (40 g.), b. p. 225/1 mm. This solidified on standing and 
then crystallised from alcohol in stout colourless needles, m. p. 71° 
(Found: C, 81-0; H, 6-6; N, 5-7. C,,H,,ON requires C, 81-3; 
H, 6-8; N, 5-6%), moderately readily soluble in most organic 
solvents. When the indole is warmed with p-dimethylaminobenz- 
aldehyde in aqueous-alchoolic hydrochloric acid solution, a fine 
blue colour is produced, which disappears on cooling: this change 
may be repeated as often as desired. 

1 : 2: 3-T'rimethyl-3-8-phenoxyethylindoleninium Iodide (V).— 
2-Methyl-3-8-phenoxyethylindole (50 g.) was heated in an autoclave 
with methyl iodide (250 g.) and methyl alcohol (100 g.) at 120° for 
8 hours. The product was a light yellow solid (70 g.) which after 
one crystallisation from alcohol had m. p. 221—223° (decomp.) 
(Found: C, 55-9; H, 5-6; N, 3-4; I, 29-9. C,)H,,ONI requires 
C, 56-0; H, 5-4; N, 3-4; I, 31-2%). This salt is moderately readily 
soluble in warm alcohol and acetone, sparingly ‘soluble in ethyl 
acetate, and insoluble in benzene and ether. A deep red colour is 
produced when it is heated with diphenylformamidine in acetic 
anhydride solution. 

1 : 3- Dimethyl -3 - 8 - phenoxyethyl - 2 - indolinone (V1).—1 : 3-Di- 
methyl-3-8-phenoxyethyl-2-methyleneindoline was obtained from 
the iodide by interaction with 20% sodium hydroxide solution. 
A mixture of the iodide (66 g.), ether (100 c.c.), and sodium hydroxide 
(300 c.c. of 20%) was shaken mechanically for 7 hours and the 
reddish ethereal layer was separated and washed with water. 
Removal of the solvent gave a thick reddish oil (45 g.); this was 
not purified, but converted into the indolinone by oxidation. 

The base (45 g.) was dissolved in acetone (300 c.c.) and cooled in 
ice-water ; finely powdered potassium permanganate (90 g.) was then 
gradually added with stirring. After 9 hours the solution was kept 
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for 12 hours at room temperature, the excess of permanganate 
decomposed with methyl alcohol, and the solvents evaporated. 
The residue, purified by solution in ether, was a yellow oil (33 g.), 
which was obtained as an almost colourless syrup by distillation in 
a high vacuum (b. p. 190—195°/1 mm.) (Found: C, 76-5; H, 6-8; 
N, 5:5. CygHy,0,N requires C, 76-9; H, 6:8; N, 50%). 

A dinitro-derivative of this indolinone was obtained by dissolving 
the substauce in nitric acid (d 1-42) at 0°, and allowing the tem- 
perature to remain at 20° for 1 hour. The dark brown solution, 
when poured into water, deposited a greenish solid, from which, 
by extraction with light petroleum in a Soxhlet apparatus and 
subsequent crystallisation from alcohol, the dinitro-compound was 
obtained in light yellow, hexagonal plates, m. p. 169—171° (Found : 
C, 58:3; H, 4:8; N, 11-4. C,gH,,O,N, requires C, 58-2; H, 4-6; 
N, 113%). Doubtless the nitro-groups are in the p-positions to 
nitrogen and oxygen, 

1 : 3-Dimethyl-3-8-bromoethyl-2-indolinone (VI1).—By heating the 
phenoxy-indolinone with hydrobromic acid (d 1-7) for 12 hours under 
reflux, replacement of the phenoxy-group by bromine was effected. 
The product was a dark-coloured oil, the solution of which in ether 
was washed with sodium hydroxide in order to remove phenol. 
The bromide was a thick syrup, which did not crystallise, b. p. 155— 
160°/1 mm. (Found : C, 55-6; H,5-3; N, 5-0; Br, 27-2. C,,H,,ONBr 
requires C, 53-7; H, 5-2; N, 53; Br, 29:9%). These figures 
indicate that the bromide contained a little of the phenoxy-com- 
pound, as shown by the high carbon and low bromine contents. 
From the phenoxy-compound (20 g.), 13 g. of redistilled bromide 
were obtained. The residues consisted of unchanged material, 
which was again treated with hydrobromic acid. 

1 : 3-Dimethyl-3-8-dimethylaminoethyl-2-indolinone (I1).—A_ clear 
solution of the bromide (3-8 g.) in methyl alcohol (10 c.c.) was heated 
together with aqueous dimethylamine (33° w/v) (14 c.c.) in a sealed 
tube at 170—180° for 10 hours. The methyl alcohol was evaporated, 
and the residue acidified with dilute hydrochloric acid. A small 
quantity (0-4 g.) of insoluble oil was taken up with ether, and the 
clear aqueous layer basified. The ethereal extract of the precipitated 
oil was dried and evaporated, leaving a colourless oily base (2:3 g.). 
Addition of methyl iodide gave a semi-solid methiodide, which was 
difficult to purify. The filtered aqueous solution of this substance 
was mixed with aqueous picric acid, giving a flocculent precipitate 
of the quaternary picrate, which crystallised from alcohol in flat 
yellow needles, m. p. 153—155° (Found: C, 53:3; H, 5-5; N, 146. 
C,,H,;0,N; requires C, 53-1; H, 5-3; N, 14-7%). 

6-Nitro-1 : 3-dimethyl-3-8-dimethylaminoethylindolinone.—The base 
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(II) (2:4 g.) was added to nitric acid (10 c.c., d 1-46), and the tem- 
perature maintained at —10°. Darkening, but only partial solution, 
took place and the temperature was then allowed to reach 20°; 
after 1 hour, the base had completely dissolved. Ice was added and 
the solution was filtered from a little insoluble matter and basified 
with ammonia; the nitro-base separated as a reddish oil, which was 
taken up with ether, washed, and dried. Removal of the ether 
gave a reddish syrup (1-3 g.), an alcoholic solution of which, treated 
with picric acid, gave a crystalline picrate, m. p. 222° (Found: C, 
47-4; H, 45; N, 16-9. C, 9H,.0,)N, requires C, 47-4; H, 4-4; 
N, 16-6%). An ethereal solution of the nitro-base with methyl 
iodide gave a methiodide, which was twice purified from alcohol 
and had m. p. 167—169°. 

1 : 3- Dimethyl -3 - 8 - methylaminoethyl -2-indolinone (VIII).—The 
bromide (2-8 g.), aqueous methylamine solution (33° w/v) (15 c.c.), 
and methyl alcohol (10 c.c.) were heated in a sealed tube at 170— 
180° for 10 hours. The resulting secondary base was isolated in 
the usual manner, and 1-3 g. of a colourless oil were obtained. On 
addition of a solution of anhydrous oxalic acid in dry ether to a 
similar solution of the base, the hydrogen oxalate was precipitated. 
Twice crystallised from alcohol, it was obtained as colourless plates, 
m. p. 204° (decomp.) (Found in material dried at 110°; C, 58-1; 
H, 6-6; N, 9-2. C,;H,.O;N, requires C, 58-4; H, 6-5; N, 9-1%). 


The authors wish to thank the Royal Commissioners for the 


Exhibition of 1851 for a Fellowship awarded to one of them. 
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44. LHxperiments on the Synthesis of Physostigmine 
(Eserine). Part IV. The Plancher Rearrange- 
ment of Indole Derivatives. 


By Hersert 8. Boyp-BaRReEtTT. 


NuMEROvS examples of the migration of alkyl groups in the indole 
series are well established, but in most cases a group migrates from 
nitrogen to carbon or from the 3- to the 2-position. For instance, 
Fischer and Schmitt (Ber., 1888, 21, 1071) observed the formation 
of 2-phenylindole from the phenylhydrazone of phenylacetaldehyde. 

Plancher, however, has recorded (Gazzetta, 1898, 28, ii, 374; Aiti 
R. Accad. Lincei, 1900, v, 9,115) a number of migrations of alkyl 
and aryl groups from position 2 to position 3, and in relation to 

4 
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the synthetical work undertaken in the present series of memoirs it 
was important to gain further information respecting these novel 
transformations. 

In order to avoid possible ambiguities where methyl and ethyl 
groups are concerned (due to the circumstance that methylation of 
the methyl group furnishes the ethyl group) a case has been 
re-investigated in which a phenyl group migrates from position 2 
to position 3. Plancher (Joc. cit., p. 391) stated that the product of 
the interaction of 2-phenylindole (I) and methy] iodide is 3-pheny]l- 
1 : 2: 3-trimethylindoleninium iodide (II). [Actually (II) was 
represented as a methyleneindoline hydriodide. } 


(1.) ao po OMeP 
oe an (II.) 
Me— 


No satisfactory proof of this view was, however, advanced apart 
from analogies. 

The hypothesis has now been shown to be justified, because the 
methyleneindoline base (III) from (II) has been oxidised with 
formation of 3-phenyl-1 : 3-dimethylindolinone (IV) and the latter 
has been independently synthesised by an application of Brunner’s 
reaction (Monatsh., 1897, 18, 597). 


‘MePh / \——(CMePh 
(i) |) SCICcH H, Ico (IV.) 
% J 2 al 
NMe NMe 


The mechanism of the transformation is not clear (compare 
Plancher and Bonavia, Gazzetta, 1902, 32, ii, 414), but it seems that 
ethyl, isopropyl, and pheny! have a greater migratory aptitude than 
methyl. The fact that phenyl and ethyl are thus found in the same 
category proves that the tendency to form the salt of a strong base 
is not the driving force in the reaction. 


EXPERIMENTAL. 

3-Phenyl-1 : 2 : 3-trimethylindoleniniwm Iodide (I1).—This was 
obtained following Plancher (loc. cit.). It separated from methyl 
alcohol-ethyl acetate in long, almost colourless prisms or cubes, 
m. p. 227° (decomp.) (Found : C, 56-2; H, 5-0; I, 34-8. Cale. for 
C,,H,,NI: C, 56-2; H, 5-0; I, 34-4%). 

A second product, m. p. 196° (decomp.), was isolated in substantial 
relative amount from a later preparation of the above substance, 
probably owing to loss of methy] iodide resulting in a lower pressure 
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in the autoclave. It also was an iodide and was isolated from the 
ethyl acetate mother-liquor. Ultimately this readily soluble substance 
was crystallised from ethyl alcohol-ethyl acetate and obtained in 
long, slender, yellow needles, m. p. 196° (decomp.) (Found: C, 
56-3; H, 5-2; N, 4-1; I, 35-3%). This salt is moderately easily 
soluble in alcohol or acetone, less readily in ethyl acetate, and almost 
insoluble in benzene and ether. 

It is isomeric with Plancher’s iodide (above) and is probably 
2-phenyl-1 : 2 : 3-trimethylindoleninium iodide. The base, prepared 
from it by warming with dilute aqueous alkali, is quite stable, and 
this is in striking contrast to the isomeric base from the 3-phenylated 
iodide, which almost immediately assumes a red colour in the air. 
It is also possible that this by-product is a quinoline derivative and 
the result of ring enlargement, a phenomenon not unknown in this 
series. 

3-Phenyl-1 : 2 : 3-trimethylindoleninium Chloride.—This was ob- 
tained from the iodide by addition of an excess of silver chloride to 
its boiling aqueous solution, with subsequent removal of water 
under reduced pressure; it proved to be unstable. The crude sub- 
stance, isolated by grinding and washing the dried residue with pure 
acetone, was a light reddish crystalline solid, m. p. 92°, which 
darkened on exposure to air. This substance crystallised from 
pure acetone in faint pink clusters of needles, m. p. 94°. The crystals 
contained varying amounts of solvent of crystallisation, and unsatis- 
factory analyses were obtained. The chloride is moderately easily 
soluble in cold chloroform. 

The chloroplatinate was a light salmon-coloured substance, m. p. 
224° (decomp.) [Found: Pt, 22-4. (C,,H,,N).,H,PtCl, requires 
Pt, 22-2%]. The zincichloride, prepared in alcoholic solution, separ- 
ated in pale mauve prisms, and crystallised from alcohol in long, 
colourless, hexagonal prisms, m. p. 275° (decomp.) (Found: Cl, 
25-8. C,,H,,NCI,ZnCl, requires Cl, 26-1%). 

3-Phenyl-1 : 3-dimethylindolinone (IV).—Finely powdered potass- 
ium permanganate (20 g.) was gradually added to a solution of the 
chloride (10 g.) in pure acetone (250 c.c.), cooled inice. The mixture 
was thoroughly agitated for 7 hours and kept in the ice-chest for 
12 hours; the excess of permanganate was then decomposed by 
sulphur dioxide, and the liquor filtered. On removal of most of the 
acetone by distillation and addition of water, a yellow oil was 
obtained, which was isolated by means of ether as a reddish-yellow 
syrup (5-2 g.). On distillation a thick golden-yellow oil, b. p. 150— 
160°/2 mm., was obtained (Found: C, 80-6, 80-4; H, 6-4, 6-5; N, 
6-2, 6-0. C,,H,,ON requires C, 810; H, 63; N, 60%). After 
2 months this specimen crystallised and had m. p. ca. 50°. 
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A well-defined mononitro-derivative of this neutral indolinone was 
obtained, and this serves for the characterisation of the substance. 
The indolinone (1 g.) was dissolved in nitric acid (5 c.c., d 1-42) and 
kept for 12 hours. The yellow substance precipitated by addition 
to ice-water was extracted in a Soxhlet apparatus with light petrol- 
eum and subsequently crystallised from absolute alcohol, forming 
light yellow prisms, m. p. 138° (Found: C, 68-1; H, 5-0; N, 10-0. 
C,,H,,0,N, requires C, 68-1; H, 5-1; N, 10-1%). 

a-Phenylpropionitrile, C,H,-CHMe-CN.—A new method for the 
alkylation of phenylacetonitrile has been investigated. The sodium 
derivative was prepared from the nitrile (145 g.) and sodamide (52 g.) 
(Upson and Thompson, J. Amer. Chem. Soc., 1922, 44, 182). A 
solution of methyl iodide (175 g.) in dry ether was gradually added 
with cooling during 2 hours, and the reaction mixture gently refluxed 
for afurther 2 hours. The product was isolated by addition of water 
and dilute hydrochloric acid and extraction with ether. The crude 
substance (105 g.) had b. p. 215—245°. Unchanged phenylaceto- 
nitrile was removed by treatment with benzaldehyde and alcoholic 
sodium hydroxide, and the fraction, b. p. 220—245°, was collected 
and freed from any remaining traces of benzaldehyde by means of 
sodium bisulphite. The residue was again fractionated, «-pheny]- 
propionitrile distilling at 229—233° (yield, 35 g.). Hydrolysis of 
this substance with 70% sulphuric acid for 5 hours gave «-phenyl- 
propionic acid, b. p. 267—272° (29 g. from 35 g. of the nitrile). The 
methylphenylhydrazide of this acid was most readily obtained from 
«-phenylpropiony] chloride (7-6 g.) in dry ether, and methylpheny!- 
hydrazine (12-5 g.); the mixture was heated on the steam-bath for 
lhour. Dilute hydrochloric acid was then added, and the hydrazide 
was separated, dried, and crystallised from aqueous alcohol, forming 
colourless prisms, m. p. 128° (Found: C, 75-2; H, 7-1; N, 11-2. 
C,,H,,ON, requires C, 75-6; H, 7-1; N, 110%). 

Synthesis of 3-Phenyl-1 : 3-dimethyl-2-indolinone.—The above 
hydrazide (5 g.), intimately mixed with finely powdered and freshly 
prepared quicklime (20 g.), was heated in a current of dry hydrogen 
at 200°, according to the method of Brunner (loc. cit.); after 12 
hours, 70% of the theoretical amount of ammonia had been evolved. 
The contents of the flask were then treated with ice and dilute hydro- 
chloric acid and the product was taken up in ether and isolated as a 
dark reddish syrup (3-3 g.). Subjected to distillation, it afforded a 
thick yellow oil (2 g.), b. p. 150—160°/2 mm. This specimen was 
converted into the mononitro-derivative, m. p. 138°. The melting- 
point was not depressed on admixture with a specimen of the nitro- 
compound obtained from the oxidation product. 

a-Phenyl-a-methylacetone, CHPhMe-COMe.—This was obtained in 
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moderate amount from {-phenyl-A’-butylene (Tiffeneau, Ann. 
Chim., 1907, 10, 362), but could not be purified except through the 
semicarbazone, hydrolysis of which was best effected with 10% 
hydrochloric acid; the pure ketone had b. p. 212—214°. The 
methylphenylhydrazone of this ketone, obtained by heating equi- 
molecular quantities of the substances on the steam-bath, was not 
isolated, but the crude substance was heated with alcoholic zine 
chloride for 2 hours and 3-phenyl-1 : 2 : 3-trimethylindoleninium 
zincichloride was isolated. Purified by several recrystallisa- 
tions from absolute alcohol, the substance finally separated as 
almost colourless, hexagonal prisms, m. p. 275° (decomp.) (Found : 
Cl, 25-8%). Compared with the zincichloride described above, no 
differences were observed, the two substances having identical 
general properties and reactions. No depression of melting point 
was observed on admixture, and the two compounds gave similar 
red colorations when warmed with diphenylformamidine in acetic 
anhydride. 

3 : 3'-Diphenyl-1 : 3: 1' : 3'-tetramethyl -2 : 2’ - indocarbocyanine 
Chloride.—The formation of this dye is a proof of the occurrence of 
a methyl group in the 2-position in the indoleninium chloride. 
3-Phenyl-1 : 2: 3-trimethylindoleninium chloride (2 mols.) and 
diphenylformamidine (1 mo!.) were refluxed with acetic anhydride 
and after 1 hour dilute hydrochloric acid was added, causing a separ- 
ation of sticky red material. This was collected, and a further small 
quantity of the dye salted out from the filtrate. The crude substance, 
warmed with alcohol and dilute hydrochloric acid, separated as 
reddish crystals with a coppery lustre. 

Thrice crystallised from alcohol and dilute hydrochloric acid, the 
chloride separated in minute red plates with a green reflex, m. p. 
255—258° (decomp.) (Found: C, 76-1, 76-1; H, 6-7, 6-6; N, 5-1, 
5-0; Cl, 6-8, 6-9. C,,;H,,N,Cl,2H,O requires C, 76:0; H, 6-7; N, 
5-1; Cl, 64%). The dye is moderately readily soluble in alcohol, 
acetone, and glacial acetic acid, giving intensely red solutions, but 
it is sparingly soluble even in boiling water, forming a rose-red 
solution, the colour of which is discharged on addition of alkali. 
The related base is soluble in benzene and ether. 


The author wishes to thank Professor R. Robinson for suggesting 
this investigation. and for his interest in its course. He is also 
grateful to the Royal Commissioners of the Exhibition of 1851 for 
a Fellowship. Finally he is indebted to Imperial Chemical Industries 
Limited for information relating to their patented processes for the 
use of diphenylformamidine. 

UnIvERSITY COLLEGE, LONDON. [ Received, December 3rd, 1931.] 
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45. Experiments on the Synthesis of Physostigmine 
(Eserine). Part V. A Synthesis of Dehydroeser- 
metholemethine. 


By FRepERIcK ErNEsT KiNG and Rogpert Rosinson. 


METHOXYLATED aromatic substances often surpass their ethoxylated 
analogues in crystallising power, so, in continuing the investigation 
of the promising lines developed in Part III (see p. 317), we decided 
to prepare dehydroesermetholemethine (II) from physostigmine (I) 


NHMe-C0-0/ \——CMe—CH, 
\ Zon A, 
(I.) NMe NMe 


in the hope that the substance might be a solid. Like the dehydro. 
eseretholemethine of Stedman and Barger (J., 1925, 127, 247), it 
is, however, a syrup characterised by crystalline derivatives. 


Me0/” \—CMe-CH,-CH,NMe, 
nO 


NMe _ (I1.) 


The synthesis of (Il) has been effected and the related metho- 
salt has been resolved and identified with the corresponding substance 
from physostigmine. Thus the main features of the constitution 
of this alkaloid have been established by a synthetical method. 

When one of us originally suggested (compare Stedman and 
Barger, loc. cit., p. 248) the formula (I), the whole basis of the fused 
pyrroline—pyrrolidine ring system and the quaternary carbon group 
was a hypothesis of biogenesis from a hydroxytryptophan. It was 
thought probable that methylation of an indole nucleus might take 
a course in a phytochemical synthesis similar to that which oceurs 
when methyl iodide is allowed to interact with indole or its deriv- 
atives. The peculiar constitution of physostigmine affords powerful 
support to such a hypothesis apart from the justification by suecess- 
ful prediction. 

It is now appropriate to reflect that the vegetable methylating 
agent is generally considered to be formaldehyde or an equivalent 
and the C-alkylation of indoles has not, so far as we are aware, been 
accomplished by such means. 

Nevertheless, formaldehyde can be used to methylate amines, 
and the hetero-enoid systems (N—C—C) contain carbon atoms 
which are analogous in quality of reactivity to the nitrogen atom 
of amines; there is every probability, therefore, that the C-methy]- 
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ation of indoles by means of formaldehyde could be experimentally 
realised. An attempt to find the correct conditions will be made. 

The synthesis of dehydroesermetholemethine was accomplished 
in the following manner. The action of boiling alcoholic sulphuric 
acid on the p-methoxyphenylhydrazone of y-phenoxypropylacetone 
induced indole ring-closure with great facility and the product 
might have the constitution (IIT) or (IV). 


Me CH,°CH,°OPh MeO 
. On —Me* , CS arcrtscnom 
(III.) NH NH av.) 


In order to obtain evidence that the product was actually the 
desired compound (III), the p-methoxyphenylhydrazone of ethyl 
a-keto-8-phenoxyvalerate, prepared from p-methoxybenzene- 
diazonium chloride and ethyl «-acetyl-3-phenoxyvalerate by the 
application of the Japp—-Klingemann reaction, was similarly con- 
verted into an indole. In this reaction no alternative course is 
possible and ethyl 5-methoxy-3-f-phenoxyethylindole-2-carboxylate (V) 
is undoubtedly the product. 


ma ON Me H,-CH,-OPh 
(V.) 2 CO,Et \ CR 
NH Nu 


Hydrolysis of (V) in alcoholic solution by means of alkali gave 
5-methoxy-3-8-phenoxyethylindole-2-carboxylic ‘acid (V1), and the 
latter when heated above its melting point evolved carbon dioxide 
with formation of 5-methoxy-3-8-phenoxyethylindole (VII). Of the 
four related indoles (III) (or IV), (V), (V1), and (VIL) thus obtained, 
only compound (VII) developed, with Ehrlich’s reagent in the cold, 
the intense colour characteristic of an indole with a free position 
in the pyrrole nucleus. Indole cyclisation of y-phenoxypropyl- 
acetone-p-methoxyphenylhydrazone thus appears to give 5-methoxy- 
2-methyl-3-8-phenoxyethylindole (III). When this is methylated 


sa Oe Siehal MeO CMe-CH,CH,"OPh 
NMe _” NMe 


(VIII.) I (IX.) 
with methyl iodide in an autoclave 5-methoxy-1 : 2 : 3-trimethyl-3- 
8-phenoxyethylindoleninium iodide (VIII) is produced, whereas (IV) 
would give an iodide containing a further methylene group which 
would readily be detected by analysis especially in the further stages. 
The methylation of (VII) was considered as an alternative method 
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for the preparation of (VIII), but the product was highly impure 
and scarcely any indication of the formation of the required iodide 
was obtained. With silver chloride, the iodide (VIII) gave a 
deliquescent chloride, which was not purified but converted into a 
quaternary picrate. 

When the iodide (VIII) was shaken with cold aqueous sodium 
hydroxide the solid methylene-indoline (IX) was obtained, and 
the latter was oxidised by means of potassium permanganate in 
acetone solution to the indolinone (X). This compound is a syrup, 
but a solid trinitro-derivative was readily prepared (compare tri- 
nitroeserethole; Stedman and Barger, loc. cit., p. 256). 

When treated for 12 hours with boiling fuming hydrobromic 
acid, the phenoxy-group of the indolinone (X) was replaced by 
bromine, but demethylation at position 5 occurred simultaneously 


ogo ser “rane ns ie area 
\ Ja \ Sf ne) 


(X.) NMe NMe (X1.) 


and the solid product was 5-hydroxy-1 : 3-dimethyl-3-8-bromoethyl- 
indolinone (X1), characterised by an acetyl derivative. When (XI) 
was methylated with methyl sulphate under special conditions, a 
viscous methyl ether was obtained, and this reacted with methyl- 
alcoholic dimethylamine under pressure with formation of the 
tertiary base (II), convertible into a methiodide and a methopicrate, 
m. p. 193—195°. 

Esermethole was prepared from physostigmine by the action of 
sodium ethoxide in alcoholic solution, followed by methyl p-toluene- 
sulphonate. This method was found very satisfactory by Polonovski 
(Bull. Soc. chim., 1915, 17, 235) for the preparation of the ethyl 
ether of eseroline, but the yields of the new base are poor. The 
methochloride, obtained in the usual stages, furnished dehydroeser- 
metholemethine (II) on oxidation with alkaline potassium ferri- 
cyanide solution. The methopicrate had m. p. 132—133° and the 
d-bromocamphorsulphonate haa m. p. 245—248° and [«}}?" + 28-0°. 

The resolution of the methiodide of the synthetic base (I1) was 
effected by fractional crystallisation of the mixed d-bromocamphor- 
sulphonates. The latter were obtained as a gum, which was dis- 
solved in a small quantity of acetone. On standing, approximately 
half of the product separated, and this was recrystallised from 
acetone; it had m. p. 166—167° and [«]i° + 77-0° and was there- 
fore the d-base d-acid. The remainder of the substance was precipi- 
tated from the acetone solution with ether and, after several 
recrystallisations from a mixture of these solvents and drying in 
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a vacuum, had [«]>° + 27-8° and m. p. 245—248°, alone or mixed 
with the d-bromocamphorsulphonate of the natural base. The 
picrate had m. p. 132—133°, alone or mixed with the salt of natural 
origin. 

The synthetic d-base d-acid likewise gave a ficrate, m. p. 132— 
133°, which is the optical antipode of that obtained from the /-base 
d-acid. When mixed with either the synthetic or the natural 
enantiomorph, it had m. p. 193—195°, alone or mixed with the 
picrate from the synthetic methiodide. 

Finally, the racemic and the optically active bases of formula (II) 
were regenerated by thermal decomposition of the methochlorides 
and their identity was established by reconstitution of the 
methiodides. 


EXPERIMENTAL. 


5-Methoxy-2-methyl-3-8-phenoxyethylindole (III).—A solution of 
y-phenoxypropylacetone (compare Part III, p. 318) (50 g.) and 
p-methoxyphenylhydrazine (40 g.) in 95% alcohol (110 c.c.) was 
refluxed on a steam-bath for an hour. The hydrazone was not 
isolated, but sulphuric acid (20 g.) was cautiously added to the 
cooled solution; on warming, it began to boil vigorously and this 
proceeded for an appreciable time without external heating; mean- 
while ammonium sulphate was precipitated. After completion of 
the reaction by further refluxing, the hot liquid was poured into 
water, and the brown solid collected and crystallised from alcohol. 
After one crystallisation the product (67 g.) had m. p. 113—114°, 
and it was finally obtained in colourless rectangular leaflets, m. p. 
115°, easily soluble in all the usual organic solvents (Found: C, 
76-6; H, 6:8; N, 48. C,gH,O,N requires C, 76-8; H, 6-8; N, 
50%). With p-dimethylaminobenzaldehyde in aqueous-alcoholic 
hydrochloric acid the indole gives a faint blue-green colour and on 
boiling this changes to an intense blue, which fades as the solution 
cools. 

5-Methoxy-1 : 2 : 3-trimethyl-3-8-phenoxyethylindoleninium Iodide 
(VIII).—When heated in an autoclave at 120° for 6—8 hours with 
methyl iodide (230 g.) and methyl alcohol (95 g.), the indole deriv- 
ative (50 g.) gave a dark semi-solid mass (55—60 g.) of the iodide. 
This crystallised from methyl alcohol in light brown, stout, rect- 
angular prisms, m. p. 200° to a deep purple liquid (Found: C, 55-0; 
H, 5-1; N, 3-2; I, 29:1; OMe, 6-6. C,H,,O,NI requires C, 54-9; 
H, 5-5; N, 3-2; I, 29-1; OMe, 7:1%). The salt is moderately 
easily soluble in warm alcohol, but practically insoluble in most 
other solvents. By heating it for 10 minutes in aqueous-alcoholic 
solution with silver chloride on a steam-bath, the chloride was 
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formed; this was isolated, by evaporation of the solvents under 
diminished pressure, as a reddish gum. In contact with acetone it 
solidified and when washed with this solvent was obtained as a white 
solid, very freely soluble in alcohol and water and difficult to purify 
because of its deliquescence. It was therefore dissolved in water 
and converted into the quaternary picrate, which crystallised from 
aleohol in bright yellow, rectangular tablets, m. p. 128—130° 
(Found: C, 57-9; H, 49; N, 10-0. C,,H,,O,N,C,H,O,N, requires 
C, 58-0; H, 4:8; N, 10-4%). 

Ethyl a-Acetyl-8-phenoxyvalerate-—A solution of sodium (10-5 g.) 
in absolute alcohol (250 ¢.c.), containing ethyl acetoacetate (120 g.) 
and y-phenoxypropy! bromide (105 g.), was heated under reflux on 
a steam-bath for 6 hours. The precipitated sodium bromide and 
the alcohol were then removed and the ethereal solution of the 
residual oil was washed with water, dried, and distilled, finally under 
diminished pressure; the fraction (75—80 g.), b. p. 198—203°/15 
mm., was collected (Found: C, 68-3; H, 7-6. Calc. for C,H» 0, : 
C, 68-2; H, 75%) (compare Manske, Canad. J. Res., 1931, 4, 591). 

Ethyl 5-Methoxy-3-6-phenoxyethylindole-2-carboxylate (V).—To a 
cooled solution of ethyl «-acetyl-8-phenoxyvalerate (26-4 g.) in 95% 
alcohol (100 c.c.), aqueous sodium hydroxide (50 c.c. of 20%) was 
added, followed by a solution of p-methoxybenzenediazonium 
chloride prepared from p-anisidine (12-4 g.), concentrated hydro- 
chlorie acid (30 c.c.), water (50 c.c.), and a solution (30 c.c.) of 
sodium nitrite (6-8 g.). The orange-coloured solution at once began 
to deposit a dark red oil, which, after the addition of an excess of 
dilute acid, was taken up in ether (150 ¢.c.). Evaporation of the 
ether left the crude ethyl «-keto-8-phenoxyvalerate p-methoxy- 
phenylhydrazone, and this was converted into the indole (V) by 
heating under reflux on a steam-bath for 2 hours in alcoholic solution 
(75 c.c.) containing sulphuric acid (11 g.). By the addition of water 
ethyl 5-methoxy-3-B-phenoxyethylindole-2-carboxylate was obtained as 
a sticky mass (17—18 g.), which crystallised from alcohol, in which 
it was moderately easily soluble, in colourless short needles, m. p. 
179° (Found: C, 71:0; H, 6-0; N, 4:1. C,)H,,O,N requires C, 
70-8; H, 6-2; N, 41%). The ester is soluble in the usual organic 
solvents with the exception of light petroleum. No colour is 
developed with Ehrlich’s reagent unless the solution is boiled; 
then a faint blue-green colour ultimately appears. 

5-Methoxy-3-8-phenoxyethylindole-2-carboxylic Acid (V1).—This 
was obtained by heating the ester (9 g.) under reflux on a steam-bath 
with alcoholic sodium hydroxide (3 g. in 40 ¢.c. of alcohol). The 
ester was only partly dissolved by the quantity of alcohol employed, 
but in the course of 15 minutes a clear orange solution was obtained. 
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This was poured into water (150 c.c.), and the product precipitated 
by hydrochlorie acid. It was moderately easily soluble in benzene 
and crystallised from this solvent in white flocks of microcrystalline 
needles, m. p. 179—180° (Found: C, 69-9; H, 5-4; N, 48. 
C,gH,,0,N requires C, 69-5; H, 5-5; N, 45%). The acid was not 
appreciably soluble in light petroleum, water, or sodium carbonate 
solution. No colour was produced by the addition of concentrated 
hydrochloric acid to an alcoholic solution of the indole and p-di- 
methylaminobenzaldehyde, but, when boiled, the solution acquired 
a faint olive-green colour which became permanently red-purple. 

5-Methoxy-3-8-phenoxyethylindole (VII).—When heated in the 
air above its melting point (ca. 200°), the acid (VI) evolved carbon 
dioxide, affording 5-methoxy-3-8-phenoxyethylindole, but some char- 
ring occurred. A cleaner product was obtained if the heating was 
carried out in a vacuum. The product was purified by crystallis- 
ation from ethyl alcohol, in which it was very soluble, or from 
ligroin containing some benzene. It formed clusters of almost 
colourless needles, m. p. 89°, freely soluble in most organic solvents 
(Found : C, 76-2; H, 66; N,5-1. C,,H,,O,N requires C; 76-4; H, 
6-4; N, 52%). With Ehrlich’s reagent an intense red-purple 
colour was immediately produced in the cold, and this turned to 
deep blue on heating. 

When (VII) was heated with methyl iodide and methyl alcohol 
under the conditions employed for the methylation of 5-methoxy- 
2-methyl-3-6-phenoxyethylindole, only an unworkable tar was 
obtained. The conditions were therefore modified and 5-methoxy- 
3-6-phenoxyethylindole (4 g.), methyl iodide (20 g.), and methyl 
alcohol (10 c.c.) were heated in a sealed tube at 100° for 4 hours. On 
cooling, no product crystallised and the contents appeared unchanged, 
but after further heating at 120° for 2 hours, the liquid separated into 
two layers. The upper, almost colourless layer was miscible with 
both water and ether and was discarded. By the addition of ether 
to the dark liquid residue, most of the product was obtained as a tarry 
precipitate. The product was fractionally precipitated from alcohol, — 
and a very small amount of a brown crystalline substance, m. p. 
190—194° to a deep purple liquid, was obtained (compare 5-methoxy- 
1 : 2 : 3-trimethyl-3-$-phenoxyethylindoleninium iodide). 

5-Methoay-1 :3-dimethyl-3-8-phenoxyethyl-2-methyleneindoline (1X). 
—The indoleninium iodide (50 g.), ether (100 c.c.), and aqueous 
sodium hydroxide (250 c.c. of 20%) were mixed and shaken 
mechanically for 8 hours. The ethereal, deep purple layer was 
separated and washed with water, and the solvent evaporated. An 
oil remained which solidified to a purplish solid (33:5 g.). It 
crystallised from alcohol in short pointed rods which acquired a 
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purple tint in the air; the pure substance was colourless and had 
m. p. 65° (Found: C, 77-4; H, 7:3; N, 4:8. ©C,,H,,0,N requires 
C, 77-6; H, 7-4; N, 45%). 

5-Methoxy-1 : 3-dimethyl-3-8-phenoxyethyl-2-indolinone (X).—An 
acetone solution (160 c.c.) of the methylene-indoline (25 g.) was 
treated at 0° with finely powdered potassium permanganate (45 g.), 
added in small amounts during 9 hours. When oxidation was 
complete the excess of permanganate was destroyed by boiling with 
methyl alcohol, and the manganese dioxide separated. The red- 
brown oil which remained after evaporation of the acetone was 
distilled in a high vacuum, and the indolinone (X) was obtained as a 
straw-coloured syrup (16 g.), b. p. 238—243°/1 mm. 

A trinitro-derivative was prepared by the addition of concentrated 
nitric acid, dissolved in acetic anhydride, to a solution of the 
indolinone in the same solvent at 18°. After an hour water was 
added, and the deep yellow precipitate purified by extraction in a 
Soxhlet apparatus with 95% alcohol, in which the trinitroindolinone 
is only sparingly soluble. It was recrystallised from small quantities 
of ethyl acetate containing ligroin and separated in bright yellow 
prisms, m. p. 192—193° (Found: C, 51-2; H, 4:2; N, 12-4. 
C,,H,,0,N, requires C, 51-1; H, 4-0; N, 12-6%), soluble in most 
organic solvents except light petroleum. 

5-Hydroxy-1 : 3-dimethyl-3-8-bromoethyl-2-indolinone (X1).—The 
indolinone (15 g.) was heated for 12 hours with an excess of 
fuming hydrobromic acid (d 1-7) in a Geissler flask, in an oil-bath 
at 150°. When cool, the mixture, which had a strong odour of 
phenol, was poured into water; the heavy brown oil slowly solidified. 
The solid (13-5 g.) was washed with large quantities of water to 
remove the phenol and acid, and crystallised from aqueous alcohol. 
Recrystallised from 95°% alcohol, it was obtained as colourless 
rectangular prisms, m. p. 199—200°, readily soluble in dilute alkali 
(Found ;: C, 51-1; H, 47; N,49; Br, 28-0. C,,H,,0,NBr requires 
_ C, 50-7; H, 4-9; N, 4-9; Br, 28-1%). 

An acetyl derivative was prepared by boiling the hydroxy-bromide 
for 2 hours with acetic anhydride containing a small amount of 
hydrobromic acid. When poured into water, the product very 
slowly solidified; after drying, it was purified by extraction with 
light petroleum in a Soxhlet apparatus. The acetate was deposited 
in aggregates of large colourless prisms, m. p. 66—68°, but was 
contaminated with a viscous impurity. It was therefore further 
purified by distillation in a high vacuum, the colourless syrupy 
product having b. p. 190—192°/1 mm.; it readily solidified in con- 
tact with light petroleum and then had m. p. 71—72° (Found: N, 
4-4; Br, 24-3. ©,,H,,O,NBr requires N, 4:3; Br, 245%). 
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5 - Methoxy -1 : 3 - dimethyl -3 - 8 - bromoethyl - 2 - indolinone.—Methyi 
sulphate (10 g.) was added drop by drop to a vigorously stirred 
solution of the hydroxy-bromide (10 g.) in aqueous sodium hydroxide 
(75 c.c. of 5%). The temperature was maintained at 15° and the 
operation, required 14 hours, during which time a further 75 c.c. of 
5% alkali were added. ‘The precipitated oil was taken up in ether, 
and the solution dried with anhydrous sodium sulphate. Distil- 
lation in a high vacuum gave the pure methyl ether, b. p. 170— 
175°/1 mm., as a very viscous, straw-coloured oil (7 g.) (Found: N, 
5-0; Br, 26-7. C,,H,,0,NBr requires N, 4:7; Br, 26-8%). From 
the alkaline solution, 1-5 g. of unchanged hydroxy-bromide were 
recovered by precipitation with dilute acid. 

dl-5-Methoxy-1 : 3-dimethyl-3-8-dimethylamino-2-indolinone (I1).— 
The methoxy-bromide (6-7 g.), dissolved in a solution of dimethyl- 
amine (5 g.) in 95% methyl alcohol (25 c.c.), was heated in a sealed 
tube at 150° for 4—6 hours. The alcohol was evaporated on a steam- 
bath, and the residual oil treated with dilute hydrochloric acid. A 
small quantity of an oil (0-8 g.) remained and this was removed by 
extraction withether. The acid solution was basified with ammonia, 
and the precipitated oil taken up with ether. The solution was 
dried over anhydrous sodium sulphate, filtered, and evaporated, 
leaving a light brown oil (4-6 g.). This in dry ether, with methyl 
iodide, gave a methiodide (6 g.), which crystallised from methyl 
alcohol in colourless rectangular plates, m. p. 130—135° when 
rapidly heated. After being dried in a vacuum, the pure compound 
had m. p. 157—158° (Found: N, 6-7, 6:8; I, 31-1. C,,H,,O,N,1 
requires N, 6-9; I, 31-4%). The salt was not very stable and, on 
keeping, it acquired a yellow colour and melted at a lower temper- 
ature. When it was warmed with alcoholic picric acid, an orange- 
yellow quaternary picrate was obtained, sparingly soluble in cold 
alcohol and crystallising from this solvent in bright yellow, irregular 
leaflets, m. p. 193—195° (Found: N, 13-9. C,gH,;0,N,,C,H,O,N, 
requires N, 13-9°%). 

Esermethole from Physostigmine.—A solution of sodium (0-9 g.) 
in absolute alcohol (50 c.c.), in a flask fitted with a reflux condenser 
and an inlet tube passing dry oxygen-free nitrogen, was boiled to 
expel air. An alcoholic solution (50 c.c.) of physostigmine (10 g.), 
previously boiled, was then added, followed by a solution of methyl 
p-toluenesulphonate (7-5 g. in 30 c.c.); the nearly colourless solution 
soon became cloudy with the deposition of finely crystalline sodium 
p-toluenesulphonate. After 24 hours the reaction was completed 
by refluxing the solution on a steam-bath, a slow stream of nitrogen 
preventing access of air. The solution was then diluted with water 
(75 ¢c.c.) and acidified with hydrochloric acid, and the alcohol 
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evaporated. After two extractions with ether, the solution was 
basified with aqueous caustic soda, which produced a deep red 
colour, and the crude esermethole was removed by repeated extrac- 
tion with ether; the ethereal solution was dried over anhydrous 
sodium sulphate and evaporated, and the reddish oil distilled under 
diminished pressure. The pure base (2-3 g.) distilled at 164— 
167°/12 mm. The methiodide was prepared by the addition of 
methyl iodide to an ethereal solution of the base, and was crystallised 
by the addition of ethyl acetate to a concentrated solution in 
absolute alcohol. It was then obtained in squat rectangular prisms 
with pointed ends, m. p. 169—170° (Found: N, 7-7; I, 340. 
C,;H,,0ON,I requires N, 7:5; I, 340%). Alcoholic picric acid 
converted the iodide into a quaternary picrate, which crystallised 
from alcohol in bright orange-red, diamond-shaped plates, m. p. 
194° (Found: N, 14-4. C,,H,,0N,,C,H,O,N, requires N, 14:7%). 

Dehydroesermetholemethine (11)—Esermethole methiodide (2-5 g.), 
dissolved in alcohol (10 ¢.c.) and water (50 c.c.), was heated on a 
steam-bath for 10 minutes with an excess of silver chloride (10 g.). 
The filtered solution was evaporated under diminished pressure, 
leaving a straw-coloured gum which readily solidified in the presence 
of acetone. The methochloride was not purified, but was dissolved 
in alcohol (10 c.c.) and heated to boiling with a solution of potassium 
ferricyanide (5 g.) and potassium hydroxide (7-5 g.) in water (60 c.c.). 
To prevent the precipitation of inorganic salts, water (100 c.c.) was 
then added, and the free base was extracted with ether. By 
evaporation of the ethereal solution, dried over anhydrous sodium 
sulphate, the optically active dehydroesermetholemethine was 
obtained as a nearly colourless oil (1-6 g.), which readily gave a 
methiodide (2-3 g.), erystallising from methyl alcohol in colourless, 
long, rectangular prisms, m. p. 142° when rapidly heated. When 
dried in a vacuum, however, the crystals became opaque, and the 
pure substance had m. p. 186—187° (Found: N, 6-9; I, 31-8. 
C,,H,;0,N,I requires N, 6-9; I, 31-4%). The addition of an excess 
of aqueous picric acid to the methiodide (0-8 g.) in alcohol (2-5 c.c.) 
and water (10 c.c.) precipitated the quaternary picrate as an orange 
oil, which rapidly solidified in the presence of ether. It dissolved 
freely in cold alcohol and crystallised from acetone, on addition of 
ether, in clusters of orange-yellow needles, m. p. 132—133° (Found : 
C, 51-8; H, 5-5; N, 13-5. C,,H,,;O,N,,Cg,H,O,N, requires C, 52-3; 
H, 5-3; N, 13-9%). 

The d-bromocamphorsulphonate was prepared from the methiodide 
(1 g.) in aqueous alcohol and an aqueous solution (20 c.c.) of silver 
d-bromocamphorsulphonate (1-1 g.). The solution, filtered from 
silver iodide, was evaporated under diminished pressure to a small 
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bulk and cooled in ice. A semi-solid mass of fine needles was 
obtained, but owing to the great solubility of the salt in water it 
was isolated by evaporating the solution to dryness. A specimen 
of the colourless gum which remained was dissolved in alcohol, and 
an excess of ether added. On standing, crystals appeared which 
served to inoculate the remainder of the product. The salt is very 
soluble in alcohol and chloroform, moderately easily soluble in 
acetone, scarcely soluble in ethyl acetate, and insoluble in benzene, 
toluene, and ether. It is best crystallised from acetone by addition 
of ether until a permanent turbidity appears; the pure salt is then 
obtained in clusters of long hexagonal leaflets, softening above 65° 
and melting at 245—248°. After being dried in a vacuum, it has 
m. p. 245—248° without previous softening (Found in material 
dried in a vacuum over phosphoric anhydride for 12 days: C, 53-4; 
H, 6-3; Br, 13-4. C,,H,;O,N,,C,>H,,O,BrS requires C, 53-2; H, 
6-6; Br, 136%). A solution of the d-bromocamphorsulphonate 
(0-2212 g.) in absolute alcohol (10-0 c.c.) in a 1 dem. tube had 
« + 0-62°, whence [«]}?” + 28-0°. 

The Resolution of Synthetic Dehydroesermetholemethine Methiodide. 
—The iodide (2-3 g.) in alcohol (15 c.c.) was diluted with water 
(25 c.c.) and mixed with an aqueous solution (30 c.c.) of silver 
d-bromocamphorsulphonate (2-5 g.). When the solution, filtered 
from silver iodide, was evaporated under reduced pressure, a 
viscous syrup (3-2 g.) remained, and this was dissolved in boiling 
acetone (10 ¢.c.). On standing for an hour in the ice-chest, a mass 
of crystals (1-5 g.) was obtained, m. p. 157—160°; from the acetone 
mother-liquor a further quantity (1-6 g.), m. p. 200—220° after 
softening above 65°, was precipitated by ether. The first fraction 
was the d-base d-bromocamphorsulphonate and after two recrystallis- 
ations from acetone the pure salt (1 g.) was obtained in clusters of 
colourless rectangular plates, m. p. 166—167° (Found: C, 51-6; H, 
70; Br, 13-2; N, 43. C,.H,,O,N,,C,)H,,0,Br8,H,O requires C, 
51-6; H, 6-8; Br, 13-2; N, 46%). A solution of the salt (0-230 g.) 
in absolute alcohol (10-0 ¢.c.) in a 1 dem. tube had « + 1-77°, whence 
{a} + 77-0°. The second fraction (m. p. 200—220°), by repeated 
fractional crystallisation from acetone-ether, eventually gave the 
pure l-base d-bromocamphorsulphonate (0-4 g.) in long, rectangular, 
hexagonal plates, softening above 65°, but, when dried in a vacuum, 
having m. p. 245—248°, alone or mixed with a specimen of the salt 
of natural origin (Found: C, 51-3; H, 6-8; Br, 13-5; N, 4-2. 
C,,H,;0.N,,C;9H,,0,Br8,H,O requires C, 51-6; H, 6-8; Br, 13-2; 
N, 46%) [0-2264 g. in 10 c.c. of alcohol (J, 1 dem.) gave « + 0-63°, 
whence [«]i’’ + 27-8°]. This specimen was not intensively dried. 

Synthetic 1-Base Methopicrate——The I-base d-bromocamphor- 
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sulphonate (0-4 g.), dissolved in water (5 c.c.) acidified with hydro- 
chloric acid, was mixed with aqueous picric acid. The orange oil 
which separated solidified on standing. Crystallised from acetone 
by addition of ether, the picrate (0-2 g.) was obtained in clusters of 
orange-yellow ‘needles, m. p. 132—133°, alone or mixed with a 
specimen of the picrate prepared from the alkaloid degradation 
product (Found: C, 51-6; H, 5-6; N, 13-5. C,gH,,0,.N,,C,H,O,N, 
requires C, 52-3; H, 5-3; N, 13-9%). 

d-Base Methopicrate——The d-base d-bromocamphorsulphonate 
(0-75 g.) was converted through the chloride into the picrate of the 
d-base, which separated as an orange oil (0-5 g.). In contact with 
ether it solidified to an orange-yellow solid, which crystallised from 
acetone, diluted with ether, in needles, m. p. 132—133° (Found : 
C, 51-8; H, 5-6; N, 13-7%). 

Mixtures of equal amounts of the picrates (m. p. 132—133°) of 
the d-base and the synthetic or natural /-base had m. p. 193—195°, 
i.e., the melting point of the picrate prepared from the unresolved 
dehydroesermetholemethine methiodide. The addition of an 
authentic specimen of the latter picrate did not affect the melting 
point of the mixtures of the two isomerides. 

Preparation of the Optically Active Tertiary Base (11).—The picrate 
from the l-base d-bromocamphorsulphonate (0-5 g.) of synthetic 
origin was dissolved in acetone (2—3 c.c.), and the solution diluted 
with water (20 c.c.). The solution was acidified with concentrated 
hydrochloric acid, and the free picric acid removed by five extrac- 
tions with ether. The aqueous solution was evaporated under 
diminished pressure and the methochloride was obtained as a 
viscous gum which could not be crystallised. It was therefore 
transferred to a small distilling flask in solution in methyl alcohol 
(2 c.c.) and, after evaporation of the solvent, heated in a vacuum. 
At 150—200° (bath temperature) bubbles of gas were evolved and 
at 260—300° a small quantity of an oil distilled which gave a solid 
methiodide (0-14 g.) crystallising from methyl alcohol in long 
rectangular prisms, m. p. 142°. Dried in a vacuum, it had m. p. 
185—187° and did not affect the m. p. of the pure natural substance, 
m. p. 186—187°, when mixed with it. 


The authors wish to thank the Ramsay Memorial Trust for a 
Fellowship awarded to one of them and the Chemical Society for a 
grant which has defrayed a part of the cost of the investigation. 
They are indebted to Professor G. Barger and to Professor F. L. 
Pyman for gifts of material. 

The majority of the analyses were carried out by Mr. F. Hall. 

THE UNIVERSITY oF Ox¥ForRD:; [Received, December 3rd, 1931.] 
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The Action of Alkylmagnesium Iodides on Triphenylphosphine 
Dichloride. By Brrtrz Kennepy Buiount. 


THE action of methyl- and ethyl-magnesium iodides on triphenyl- 
phosphine dichloride under normal conditions has been found to 
proceed according to the equation (C,H;),PCl, + RMgl = 
[((CgH,;)sPR]I + MgCl,, giving triphenylalkylphosphonium iodides 
(R = Me or Et). 

In view of these results, the substance of m. p. 162—163° (J., 
1931, 1894) isolated from the products of Grignard and Savard’s 
reaction, which is stated by these authors (Compt. rend., 1931, 192, 
592) to give triphenyldialkylpentaphosphines, (C,H,)sPR.,, has been 
re-examined and identified as impure triphenylethylphosphonium 
iodide, the anomalous mixed m. p. being due to the considerable 
depression in m. p. which the compound shows after standing for 
a time in the air. The corresponding methyl derivative does not 
behave in this way. 

To a Grignard solution, prepared from methyl iodide (3-55 g.), 
was added a benzene suspension of triphenylphosphine dichloride, 
prepared from triphenylphosphine (1-31 g.). Heat was evolved 
and an orange-coloured precipitate separated, which was finally 
replaced by a white gelatinous solid. After refluxing gently for 
2 hours, the mixture was shaken with water and dilute hydro- 
chloric acid, and the heaviest of the three layers produced was 
separated, dissolved in alcohol, filtered, and gradually treated 
with ether. Triphenylmethylphosphonium iodide separated in a 
crystalline condition, m. p. 176—181° (1-05 g., 52%). After two 
further precipitations with ether and a final crystallisation from 
alcohol-ligroin, it melted at 182—183°, alone or mixed with 
triphenylmethylphosphonium iodide prepared from _triphenyl- 
phosphine and methyl] iodide (Found: C, 56-4; H, 4-5. Cale. for 
C,9H,,IP: C, 56-4; H, 45%). 

By using similar conditions, with ethyl iodide instead of methyl 
iodide, a product, m. p. 164—165°, was finally obtained, shown 
by its m. p., mixed m. p., and general properties to be triphenyl- 
ethylphosphonium iodide. 


The author wishes to thank the Ramsay Memorial Fellowship 
Trustees for a Fellowship.—THe Dyson Prrrins LABORATORY, 
Oxrorp. [Received, November 20th, 1931.] 
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Resolution of r-Phenylmethoxyacetic Acid into its Optically Active 
Components. By Dovetas JOHN CRUICKSHANK PIRIE and 
IsopEL AGNES SMITH. 


Tue levorotatory form of the acid has been prepared from levoro- 
tatory mandelic acid by McKenzie (J., 1899, 75, 753), but there 
is no reference in the literature to the resolution of the racemic 
acid. The resolution is an easy one and serves for the preparation 
of the dextrorotatory acid. 

105 G. of hydrated quinine (1 mol.) and 46 g. of r-phenylmethoxy- 
acetic acid (1 mol.) were dissolved by warming in 552 c.c. of a 
mixture of equal volumes of ethyl alcohol and water. The solution 
was cooled in the ice-chest for 5 hours, whereupon 90 g. of a salt 
crystallised in rosettes of needles. This salt, on being recrystallised 
from 300 c.c. of the alcohol-water mixture, gave 70 g. of salt (after 
drying in air on porous plate for 1 day) giving in ethyl alcohol 
(l= 1, ¢ = 2-208) ap — 192°, whence [«], — 870°. After two 
further crystallisations, the salt weighed 60 g. and gave in ethyl 
aleohol (1 = 1, ¢ = 2-12) a) — 174°, whence [«], — 82-1°. The 
quinine salt was decomposed by dilute sulphuric acid, and the solu- 
tion extracted with ether. 16 G. of dextrorotatory phenylmethoxy- 
acetic acid (m. p. 64—65°) were obtained, having in ethyl alcohol 
(i= 1, c= 1-716) ap + 2-6°, whence [«]p + 151-5°. This value, 
which did not increase on crystallisation of the acid from petroleum 
(b. p. 80—100°) to which a little benzene had been added, is in 
agreement with that ([«]) — 151:1°) of McKenzie (loc. cit.) for the 
levorotatory acid.—Untverstry Cottecr, DuNnpEE. UNIVERSITY 
or St. ANprEws. [Received, December 4th, 1931.] 





A Convenient Method of preparing Anhydrous Aluminium Bromide. 
By Ronap P. BELL. 


ALUMINIUM turnings are placed in a flask with a ground-in reflux 
condenser and covered with carbon disulphide. Rather less than 
the theoretical quantity of bromine, dissolved in 3—4 vols. of car- 
bon disulphide, is added gradually through the condenser, with 
water-cooling if necessary. The mixture is warmed on the water- 
bath until the drops in the condenser are no longer coloured by 
bromine (4—1 hr.). The dark brown liquid is decanted from the 
solid residue (or if necessary filtered through glass wool) into a 
dry flask, which is immediately placed in a. desiccator, and the 
carbon disulphide removed at room temperature (water-pump 
with a calcium chloride tube). The solid which separates at first 
is brown (probably owing to the presence of a compound with 
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carbon disulphide), but becomes almost white after several hours. 
The purity of the aluminium bromide, determined by the Volhard 
method, is 99-4—-99-9%. The violence of the reaction with water 
was moderated by. first dissolving the bromide in nitrobenzene, as 
described by Kaveler and Monroe (J. Amer. Chem. Soc., 1928, 50, 
2421). 

Since bromine is known to react with carbon disulphide at high 
temperatures, and this reaction might be accelerated by the presence 
of aluminium bromide, the product was tested for. sulphur com- 
pounds by evaporating a portion to dryness with concentrated 
nitric acid, dissolving the residue in dilute hydrochloric acid, and 
testing the solution for sulphate: only a slight opalescence was 
formed on addition of barium chloride solution.—Universiry 
INSTITUTE OF PHySICAL CHEMISTRY, COPENHAGEN, DENMARK. 
[Received, November 9th, 1931.] 





46. Determination of the Rate of Rise of Pressure 
in the Combustion of Some Gas—Oxygen Mixtures. 


By Cotry CAMPBELL, WILLIAM Brian LittTtER, and Ciirrorp 
WHITWORTH. 


THE early experiments of Mallard and Le Chatelier (Compt. rend., 
1882, 95, 1352; J.Physique, 1882, 1,173; 1885, 4, 59) demonstrated 
that when certain combustible gas—air mixtures, enclosed in a 
cylinder, were ignited by an electric spark, the. rates of rise of pres- 
sure were regular and measurable with a fair degree of accuracy. 
When oxygen was used instead of air; these rates were very rapid 
and violent compression waves were produced. These investigators 
were not able to measure accurately the actual pressures produced 
in gas—oxygen mixtures because of the rapid and very large oscill- 
ations of the pressure-recording apparatus. 

Berthelot and Vieille (Compt. rend., 1884, 98, 646; Ann. Chim. 
Phys., 1885, 4, 13) give values for the rate of rise of pressure in the 
mixtures 2C,H, + 50,, C,H, + 30,, and CH, + 20, to an accuracy 
of 0-00001 sec. but in view of later work (e.g., Fenning, Rep. Mem. 
Roy. Aer. Comm., 1925, 979) it is doubtful whether much reliance 
can be placed on these figures. 

Fenning (loc. cit.; Phil. Trans., 1926, 225, A, 331) has measured. 
the rate of rise of pressure of some hydrocarbon-air and carbon 
monoxide-air mixtures, starting from initial pressures between 1 
and. 5 atmospheres; and Bone (Proc. Roy. Soc., 1923, 103, A, 205; 
et seq.) has extended this work to initial pressures up to 50 atmos- 
pheres. 
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In connexion with some experiments on a different matter, it 
was necessary to determine the rate of rise of pressure, for which 
no data were available, for a number of mixtures containing oxygen 
rather than air as the supporter of combustion. The results are 
given in this paper. 

EXPERIMENTAL. 

The apparatus, made by Messrs. Baskerville and Lindsay of Man- 
chester, was not unlike that employed by Pier (Z. physikal. Chem., 
1908, 62, 385; 1909, 66, 759), and consisted of a steel explosion 
cylinder (A, Fig. 1) 22-9 cm. long and 8-2 cm. in diameter; its 
capacity was about 1000 c.c. The metal was 1-2 cm. thick, and 
the apparatus was designed to stand pressures up to 100 atmospheres. 
Flanges, BB, were screwed on to each end of the main body of the 


Fie, 1. 


Seale of inches 
4 





BD 


apparatus, and metal end-pieces were bolted to these flanges by 
means of steel bolts. Vacuum-tight joints were made by lead 
washers in a circular groove into which each end-piece fitted. The 
apparatus was evacuated and the gas mixture allowed to enter 
through the valve, C, which communicated with the cylinder by 
means of the narrow passage D (0-1 cm. diameter). Central ignition 
was effected across the spark gap (0-2 cm.) between the two pointed 
*Nichrom ” wires: one of these was insulated by means of the 
ebonite plug, E, and the other was screwed directly into the metal 
end-piece. To prevent the burning of the ebonite plug, its surface 
was covered with several thin sheets of mica. The pressure-record- 
ing apparatus consisted of a steel disc, F (4 cm. diameter), which 
fitted into a cylindrical hollow in one of the end-pieces and rested 
against a collar; graphite—-asbestos washers were placed between 
them in order to ensure a pressure-tight joint. The disc was held 
in position by means of the hollow steel fitting, G, which was screwed 
to the main flange, B, by means of the bolts J. Any movement 
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of the disc was transmitted to the stainless steel mirror H, by means 
of the steel rod resting against it. The mirror, which was pivoted 
on sapphire bearings, was supported in a small steel cup; an alumin- 
ium cup, though preferable from the point of view of inertia, was 
not able to withstand the sudden shock without denting. Many 
trial experiments were made in order to discover the most suitable 
means of pressing the rod, firmly but lightly, against the mirror, 
so that the latter would respond smoothly and rapidly to the small 
displacements of the steel disc and yet return to its original zero 
position when the pressure returned to atmospheric. Springs of 
various strengths and shapes were tried, but it was found that the 
mirror could be kept in position most suitably by means of astretched 
rubber band. The movements of the mirror were magnified, about 
500-fold, by projecting on to it a narrow beam of light from an 
electric arc, the reflected beam being focussed on to sensitised 
paper fastened round a cylindrical drum rotated at a known rate 
by means of a motor. The velocity of the drum was adjusted to 
about 5 m.p.s., the speed being determined to within 1% by timing 
successive rings of an electric bell actuated by an endless gear on 
the drum. A second spark in series with the first, focussed on to 
the sensitised paper, recorded the moment of ignition of the mixture. 

Since different explosive mixtures produced very different pres- 
sures, it was convenient to use three discs of different strengths : 
these gave similar maximum deflections, of about 4 cm. of the spot 
of light, at pressures of 10, 20, and 100 atmospheres respectively. 

Whilst the main object of the research was to determine the 
rates of rise of pressure, it was possible, at least with some of the 
more dilute mixtures, also to measure the maximum pressures 
produced; for this purpose each steel disc had to be previously 
calibrated. This was accomplished by attaching a standard pres- 
sure gauge to the inlet of the bomb, filling the latter with compressed 
air, and measuring the deflection of the spot of light with different 
air pressures. The calibration curves were straight lines. 

In carrying out an experiment, the bomb was evacuated to a 
pressure of 0-1 cm., or less, of mercury by means of a “ Hyvac ”’ oil 
pump and then filled with the gaseous mixture, dried by passage 
over soda-lime and calcium chloride. After adjustment of the 
pressure to atmospheric, the valve was closed, and the mixture 
ignited by means of a spark from an induction coil capable of giving 
a1} sparkinair. After an experiment, the bomb was re-evacuated 
and kept under vacuum for about an hour, or for longer if the 
exploded mixture had contained much hydrogen. This procedure 
enabled concordant results to be obtained. 

The mixtures were made from gases obtained from cylinders 
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(except in the case of carbon monoxide, which was prepared from 
sodium formate) and were stored over mercury or water according 
to the solubility of the constituents. They contained small amounts 
of nitrogen (usually 1—2%) as impurity. In the analysis, this 
amount is included with the oxygen. 

When the mixture contained either a small or a large percentage 
of combustible gas, the curves traced by the spot of light were 
smooth and easy to measure. Fig. 2a is a reproduction of the 
record obtained when the mixture 2CO + O, + 08% H, was used, 
and is typical for dilute mixtures such as 2H, + 180,, CH, + 100,, 
C,H, + 200,, ete. On increase of the percentage of combustible 
gas, vibrations appeared at the peak of the curve, resulting in 
records similar to that shown in Fig. 2b (2H,-+ 100,). When 
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mixtures were used in which the amount of combustible gas 
approached that required for complete combustion, then, except 
in the case of carbon monoxide-oxygen mixtures, the rate of rise 
of pressure became exceedingly rapid and could only be measured 
very approximately; in many of these records, because of the 
violent vibrations of the recording apparatus, it was not possible 
to obtain any measure of the maximum pressure developed. At- 
tempts were made to eliminate these vibrations by the insertion 
in the bomb of metal shields of various sizes at several different 
distances from the diaphragm; the resulting improvements were 
so small and so uncertain that the shields were finally discarded, 
and the results given were all obtained under similar experimental 
conditions. 

It is very improbable in a cylinder of the above dimensions that 
detonation was set up, except possibly in the case of some of the 
most violent mixtures, e.g., C,H, + 30,. In such experiments 
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om no record was obtained, probably because the spot of light moved 
ing too rapidly across the drum. 
ats Results.—In the following tables are given the times (¢,). from 
his the spark to the point of maximum pressure, and (¢,) from the first 
signs of pressure rise to the point of maximum pressure. In the 
ge case of some of the less violent mixtures, the maximum pressures 
re produced are also given as Pax (in terms of P;, the initial pres- 
he sure) but these can only be regarded as approximate. Since they 
d, would probably be different in another apparatus of different 
Do, dimensions, no correction has been made for cooling losses, which 
sle would correspond to about 4 atmosphere. 
= Taste I. TaBLeE II. 
2 ; , 
“ Hydrogen—Oxygen Mixtures. Ethylene—Oxygen Mixtures. 
Mean time (secs.) Mean time (secs.) 
to max. press., to max. press., 
H,, amg Prnax., C,H,, —m—— Pax. 
% ty. ty. Pi %. t;- ty. P, . 
10:3. 0-1637 00-1254 4-0 300 00741 6-4 
15-7 00247 00188 5-4 46 0:0533 0-0446 7-0 
23-9 0-0070 00050 68 58 00196 00162 84 
34:8 00-0032 0-0022 8-6 6-4 0-0147 0-0125 8-8 
50-7 0-0033 0-0019 11 = app. 6-8 _— 0-0106 9-2 
82-4 0:0033 0:0020 82 8-0 0:0063 00052 96 
89-6 0-0099 0-0072 6-0 10:0 0-0054 0-0037 —_— 
106 00040 0:0030 10 app 
With hydrogen-oxygen mixtures no measurements were possible 
in the range 50—80% of hydrogen, but the time from the first sign 
of pressure rise to the maximum pressure in any such mixture 
cannot be greater than 0-002 sec. 
Taste III. Tasie IV. 
s Methane-Oxygen Mixtures. Carbon Monoxide—Oxygen 
t Mixtures. 
e Mean time (secs.) Mean time (secs.) 
] to max. press., to max. press., 
CH,, EE, Prax. co, c° —_-_, Pre 
e %. bs: ty P, %,. tf. te. P; 
e 6-7 0-1700 0-1448 5-4 9-9 0-151 0-107 6-0 
4 75 0-1137 0-0934 7:6 31-3 0-076 0-060 7-0 
8-9 0-0378 0-0318 76 33°8 0-084 0-066 = 
1 10-7 0-0173 0-0149 8-2 37:1 0-057 0-045 7-6 
t 11-0 0-0173 0-0141 12° app. 43-8 0-046 0-035 8-0 
155 0-0051 0:0032 13 app. 61-0 —_ 0-025 8-2 
> 21-1 0-0024 00017 13 app. 656 — 0-025 ne 
R 41:7 0-0023 0-0017 _ 67-0 0-035 0-025 8-2 
49-1 00-0124 0-0080 12 app. 67-3 0-035 0-026 8-2 
49-5 0-0174 0-0108 10-0 70°8 —_ 0-027 8-4 
62-1 -: 0-0141 12 app. 72:5 0-036 0-027 8-0 
82-5 0052 0-041 7-6 
‘ 86-8 0-071 0-054 6-6. 
) 89-4 0-083 0-064 6-4 
91-6 0-18 0-127 5-0 
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In the case of the ethylene-oxygen mixtures, satisfactory results 
were obtained when the amount of ethylene was between 4% and 
11%. With stronger mixtures, the combustion was too violent 
to allow of measurement. 

In the methane—oxygen series, measurements were not possible 
over the range 22—40% of methane. 

Fie. 3. 
Rates of rise of pressure of (i) CO-O, mixtures, (ii) H,-O, mixtures, 
(iii) CH,-O, mixtures. 
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The values for the rate of rise of pressure of different mixtures 
of carbon monoxide and oxygen are dependent upon the amount 
of moisture present (Fenning, loc. cit.). In the experiments quoted 
above, the mixtures were, therefore, made up and allowed to stand 
for 18—20 hours over water at the laboratory temperature, i.e., 
15—17°. This small temperature variation, resulting in slightly 
different moisture contents of the mixtures, may account for the 
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its 
aid 
nt 


le 





THE RATE OF RISE OF PRESSURE IN THE COMBUSTION, ETC. 345 


fact that the agreement between individual time measurements was 
not quite so good as in the case of the mixtures already discussed. 
Hence the results in Table IV are only given to 0-001 sec. The 
results given in Tables I, III, and IV are plotted in Fig. 3. In the 
case of ethylene, the range of mixtures examined was too limited 
to be represented graphically. 

It has been shown by Fenning and by Bone (locc. cit.) that with 
carbon monoxide-air mixtures the addition of hydrogen greatly 
reduces the time from the first signs of pressure rise to the maximum 
pressure. We have been able to show that a similar effect is pro- 
duced when hydrogen is added to the mixture 2CO + O,, and further, 
that certain hydrocarbons produce a like result. In general, 
sufficient oxygen was present for complete combustion of the 














TABLE V. TaBie VI. 
Carbon Monoxide—H ydrogen— Carbon Monoxide—Methane— 
Oxygen Mixtures. Oxygen Mixtures. 
Mean time Mean time 
(secs.) to max. (secs.) to max. 
Mixture, %. press., Mixture, %. press., 
woes - ~ Prax. me en, Pina. 
wo. i. ty. * P, CO. Oy. - ts ty. P, 
66-0 00 0-035 0-0255 8-2 66-0 0-0 0-035 0:0255 8-2 
63-8 0-8 0-0195 0-0136 8-8 65:8 03 0-0164 00113 86 
57-0 16 0-0165 0-0101 — 66-5 0-8 0-0137 0-0094 8-6 
64-3 2-3 — 0-0078 —_— 63-8 1:5 0-0097 00-0071 9-0 
62-7 2-8 0-0102 0-0073 9-0 57-0 38 0-0064 0-0050 -—— 
62-2 3:7 00-0083 0-0063 8-8 476 90 0-0037 0-0027 = 
60-8 43 0-0078 0-0057 9-2 
59-1 6-7 0-0062 0-0048 9-2 
54-7 93 0-0053 0-0044 -- 
TaBie VII. TaBLe VIII. 
Carbon Monoxide—Pentane- Carbon Monoxide—Acetylene— 
Oxygen Mixtures. Oxygen Mixtures. 
Mean time Mean time 
(secs.) to max. ; (secs.) to max. 
Mixture, %. press., Mixture, %. press., 
———S———,, Prax. Eten 2 “ ~ Prnax., 
CO. C,H,,. ¢- by. Fi CO. C,H, 4%. ty. P; 
66-0 00 0-035 0-0255 8-2 66:0 0:00 0-035 0:0255 82 
65-70 0-10 0-0224 0-0163 8-6 63°50 0:30 0-0242 0-0198 8&4 
65°55 0-25 0-0161 0-0116 9-0 70-50 0-30 0-0285 0-0221 8-6 
65-50 0-30 0-0156 0-0115 9-0 70°30 0-60 0-0205 0-0161 8-8 
64:00 0-45 0-0123 00-0090 96 62-65 0-65 0-0181 0-0138 8-6 
63-40 0-50 0-0116 00-0085 9-4 68-15 0-95 0-0167 0-0129 9-0 
62-50 0-65 0-0097 0-0074 9-6 70:10 1-00 0-0151 0-0111 9-0 
62-30 0-70 0-0100 0-0072 10app. 61°90 1-00 0-0138 00115 9-0 
61-40 0:90 0-0091 0-:0066 — 67°85 1-45 0-0120 0-0090 9-4 
60-50 1:00 0-0090 0-0060 — 60-50 1-50 00125 0-:0093 9-0 
59-75 1:15 0-0090 0-:0059 — 66-70 1-95 0-0090 0-0077 9-6 
58-80 1:30 0-0078 0-:0054 — 65°65 2-40 0-009 0-007 —- 
57-80 1-50 0-0073 0-0050 — 
n2 
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Tasre IX. 
Carbon Monoxide-Ethylene-Oxygen Mixtures. 
Mixture, %. Mean time (secs.) to max. press., 
cr ‘ P max: 
co. C,Hy. ty. tes Pi 
66-0 0-0 0-035 0:0255 8-2 
64-25 0°55 0:0157 0-0119 8-6 
63-05 1-05 0-0120 0-0088 9-0 
61-75 1-55 0-0100 0-0078 9-8 
60-60 2-00 0-0084 0-0066 1l app. 
59-40 2-50 0-0077 0-0058 9-6 
56-20 3-20 0-0070 0-0055 9-8 
57-90 3°15 0-0065 0-0048 —_ 
52-50 6-50 0-0046 0-0034 — 
Fie. 4. 
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mixtures. The measurements obtained with such mixtures, dried 
by passage through tubes packed loosely with calcium chloride, are 
given in Tables V—IX. In each case the mixtures contained the 
quantities of carbon monoxide and added gas recorded, together 
with oxygen to make up 100%. 
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In some of the mixtures tabulated ‘above it will be found that 
the amount of oxygen was, unintentionally, not quite enough to 
burn all the gases to completion, but this does not ‘seem to be of 
prime importance. For instance, in Table VIII, when 1% of 
acetylene is present in two very different carbon monoxide-oxygen 
mixtures the times to reach maximum pressure and the maximum 
pressure produced are almost identical. The controlling factor, 
therefore, seems to be the amount of hydrogen, methane, etc., 
present in the mixture. In Fig. 4 these results are shown 
graphically. 

Discussion of Results.—The results given for single combustible 
gas-oxygen mixtures show that the rates of rise of pressure for 
those mixtures containing excess of oxygen or of combustible gas 
are slower than mixtures whose compositions approximate more 
nearly to the theoretical mixture. . These latter are all, with the 
exception of carbon moncexide-oxygen mixtures, so violent that 
measurements become impossible and one cannot say, in any one 
series, which mixture would give the most rapid rate of rise of 
pressure. The explosion wave in methane-oxygen mixtures travels 
most rapidly in the mixture containing 50% of methane, in which 
the reaction possibly corresponds to CH, + O, —> CO + H, + H,0, 
and not in the 33% mixture corresponding to CH, + 20,—> 
CO, + 2H,0. We may assume that, in the latter case, the second 
molecule of oxygen is, in the explosion wave, acting as a diluent, 
just as Dixon (Phil. T'rans., 1893, 184, A, 123) assumed for the 
reaction C,N, + 20, —> 2CO, + N,, in which the explosion rate is 
less than in that represented by the reaction C,N, + 0, —> 
2CO + N,. In the above experiments in the bomb, however, 
the mixture developing pressure most rapidly evidently lies between 
CH, + 1:30, and CH, + 40,, and is quite possibly the mixture 
CH, + 20,. The second molecule of oxygen is, in this case, not 
merely acting as a diluent but is taking some part in the reaction. 
This might possibly explain why the mixture CH, + O, + N, 
(O, = 33%) would not ignite in the bomb; it was necessary that 
the content of oxygen should be not less than 37% before inflam- 
mation would take place. 

In the case of moist carbon monoxide-oxygen mixtures, the 
curve seems to indicate that the mixture which develops pressure 
most rapidly is not very remote from the theoretical mixture con- 
taining about 66% of carbon monoxide. The rate of rise of pressure 
is affected to different degrees when other combustible gases as 
well as carbon monoxide are present, the effect increasing in the 
order hydrogen, acetylene, ethylene, methane, pentane. The 
two unsaturated hydrocarbons have apparently less effect, for 
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equal amounts, than methane and pentane, and the influence of the 
hydrocarbons is in the order of their hydrogen contents. 

The mixtures which have a slow rate of rise of pressure are also 
those which detonate with difficulty when ignited in a long tube. 
For methane-oxygen, Payman and Walls (J., 1923, 123, 420) 
found that the limit of detonation is 11-1% of methane: in this 
laboratory it has been found, using different methods of ignition, 
that the lower limit of detonation probably lies between 10-0% 
and 10-5% of methane. From the curves given above, the time 
between the first signs of pressure rise and maximum pressure, 
when the mixture is ignited in the bomb, is approximately 0-04 
sec. In Table X are given the compositions of a number of different 
mixtures requiring this same time to reach maximum pressure, 
and also the limits of detonation as determined by different observers 
using slightly different methods. 


TABLE X. 
Detonation Limits of Combustible Gas—Oxygen Mixtures. 


Detonation limits. 





Amount of combustible — —~ 
gas in the mixture Unpublished ; 
reaching max. press. obtained in 
in 0-04 sec. Published. these laboratories. 
55% CH, (By extrap®-) 53:3% CH, (Payman and Walls) 56% CH, 
% CH, 11-1% CH, (Payman and Walls) 10% CH, 
48%, C,H, —- 5% C,H, 
16% H, 18% H, (In air; Wendlandt) — 
83% CO 82% CO (Bone) es 83% CO 
o/ 38% CO (Wendlandt) 0 
40% CO 40% CO (Bone) 38% CO 


The agreement between the detonation limits and the rate of 
rise of pressure seems more than fortuitous, and it is possible that 
the detonation limits of other mixtures might be predicted by 
determining that mixture which, in this particular apparatus, 
would reach its maximum pressure in 0-04 sec. 


The authors desire to express to Mr. Norman Calvert, M.Sc., 
their thanks for assistance in the many preliminary experiments 
which led to the successful working of the apparatus. They wish 
to acknowledge the receipt of a grant for apparatus from the Royal 
Society, and they are also indebted to the Imperial Chemical In- 
dustries Ltd. for assistance. 
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Faraday Lecture. 


(DELIVERED BEFORE THE FELLOWS OF THE CHEMICAL SOCIETY AT 
THE SALTERS’ Hatt on May 8tu, 1930.) 


By Niets Bour. 
Chemistry and the Quantum Theory of Atomic Constitution.* 


Ir is with a feeling of deep reverence that I accept the kind invita- 
tion of the Chemical Society to deliver this lecture in commemor- 
ation of the great genius to whom we owe so large a part of the 
common foundation on which chemists and physicists build to-day. 
Indeed, Faraday’s work may be taken as a symbol of the intimate 
relationship of our sciences, between which all sharp distinction is 
now disappearing on account of the rapid growth of our insight 
into the atomic constitution of matter. The peculiar feature of 
the great recent advance in this field is not only the intense mutual 
fertilisation of chemical and physical investigations ; but it will even 
appear that a fusion of the attitudes of mind by which the study of 
the laws of nature has been approached by physicists and chemists 
is essential for the proper appreciation of the situation with which 
the recent development of atomic theory has faced us. Certainly, 
a leading idea in physical theory has been to seek the ultimate cause 
of all natural phenomena in the relative displacements of material 
bodies ; while the proper field of chemistry may be said, I think, to 
be the study of those transmutations of the substances which defy 
a simple visualisation in terms of displacements. As is well known, 
atomic ideas originated just in the endeavour to bridge the gap 
between these different lines of research. Also, I need not remind 
you that, in the present epoch of science, the existence of atoms 
is more than a fruitful hypothesis. A large number of physical 
and chemical discoveries have given us direct evidence of effects of 
individual atoms, and we now possess several methods of counting 
the molecules in a body with great precision. Thanks, above all, 
to the great English pioneers in intra-atomic research, Sir Joseph 
Thomson and Lord Rutherford, we have even gained detailed 
information regarding the structure of atoms, which to a wide extent 
allows us to interpret the properties of the chemical elements as 
consequences of general physical laws. At the same time, however, 
we have in this new field met with a peculiar insufficiency of the 
ordinary ideas of natural philosophy, for the first disclosure of which 

* This article, the publication of which has been delayed owing to unfore- 
seen circumstances, is an elaboration of the author’s Faraday Lecture, the plan 
and substance of which are maintained, while a number of details, omitted at 
the verbal delivery, are added. 
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we are indebted to the venerated master of the great German school 
of theoretical physics, Max Planck. In the lecture I have the 
honour and pleasure to deliver, I shall attempt to show, in a retro- 
spective survey, how the fundamental ideas regarding the constitu- 
tion of atoms have logically developed, and how it has gradually 
been recognised that the very stability of atomic structures, which 
is essential for our analysis of natural phenomena, imposes an 
unavoidable limitation of the use of space-time pictures in account- 
ing for atomic reactions. Indeed, we meet here with an illustration 
of the old truth that our power of analysing a, harmony and the 
width of its perception will always exhibit a mutually exclusive, 
complementary relationship. 





In the scientific literature of the centuries following Newton’s 
great work one often meets the expression “ mechanical system of 
natural philosophy,” with reference not only to the masterly 
explanation of astronomical facts, but also to the kinetic theory of 
matter which permitted an interpretation on atomic ideas of the 
laws of thermodynamics so fruitful in the study of chemical reactions. 
If nowadays a similar comprehensive expression were to be used, 
we should surely speak of an “ electromagnetic description of the 
world ” and should thereby think not only of the imposing structure 
built on the discoveries of Volta, Qrsted, Faraday, and Maxwell, 
which has been essential for modern technical development, but 
just as much of the revolution in our ideas of atomic processes 
brought about by the creation of the electric theory of matter, for 
which the discovery of the elementary quantum of electricity was 
fundamental. As was pointed out by Stoney in his British Associ- 
ation Address of 1874, and especially emphasised by Helmholtz in 
his famous Faraday Lecture of 1881, this discovery may be regarded, 
from the standpoint of Dalton’s atomic theory of chemical com- 
bination, as an immediate consequence of Faraday’s fundamental 
work on electrolytic equivalence. Time will not allow me to enter 
here on the great importance of this discovery for the whole science 
of electrochemistry and especially for the theory of electrolytic 
dissociation, on the development of which Arrhenius lectured 
before this Society in 1914. In electrolysis we follow the motions 
of the ions through the transport of chemical substance, but a 
still closer examination of ionic properties has been afforded by 
discharges in rarefied gases, to the study of which Crookes and 
Lenard contributed so materially. In fact, the deflection of electric 
rays in discharge tubes allows us to measure the ratio between the 
mass and the charge of individual ions, and, as is well known, such 
measurements led at the close of the last century to the epoch- 
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making discovery of the electron as a universal constituent of matter. 
This électron carries a negative charge equal to the elementary 
quantum and exhibits a mass-charge ratio very small compared 
with that of chemical ions in electrolysis. The incorporation of the 
idea of the atomic nature of electricity in the general electro-magnetic 
theory of Maxwell was most successfully performed in those years 
by Lorentz and Larmor. It is above all Thomson, however, who 
took a leading part, not only in the establishment of the fundamental 
experimental evidence but also in the attack on the problem of the 
electric constitution of matter. His ingenious methods of estimating 
the number of electrons in atoms, based on the scattering of Réntgen 
rays and the effects accompanying the penetration of swiftly-moving 
ions through matter, led him to approximately correct values for 
this electron number in the different chemical elements. Surely, 
few achievements have made a greater impression than the attempt 
to interpret the general relationship between the elements, which 
Thomson outlined in 1904 on the basis of these results. Indeed, it 
brought in a most suggestive way to the notice of physicists the 
wonderful outlooks into the central problems of atomic constitution 
which were opened up by the recognition of the peculiar periodicity 
in the chemical properties of the elements when arranged according 
to atomic weights, of which Mendeleiev spoke with such great 
enthusiasm and foresight in his Faraday Lecture of 1889. 

A more detailed insight into the problem of atomic constitution 
was at that time hindered by our ignorance of the forces by which 
the negatively-charged electrons are held in the atoms, or, in other 
words, of the distribution of intra-atomic positive electrification. 
Decisive progress in this direction, however, was soon made possible 
through the startling discovery of the radioactivity of certain 
elements, in the history of which the isolation of radium by Madame 
Curie forms a conspicuous landmark. This phenomenon, which 
contrasts markedly with the ordinary physical and chemical proper- 
ties of matter and at first even threatened to overthrow the general 
principle of the conservation of energy, found, as is well known, a 
lucid and complete interpretation in the disintegration theory of 
Rutherford and Soddy. According to this theory, the radioactivity 
of the substances in question is due to a spontaneous disintegration 
of the atoms which follows a simple probability law quite independ- 
ent of the physical and chemical conditions to which the atoms are 
subjected. In this audience, I need not spend many words in 
reminding you of the unparalleled success with which Rutherford 
and his collaborators pursued this new clue to the problem of atomic 
constitution. Within the first decade of this century he built up 
a whole new branch of chemical and physical science which embraces 
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the remarkable changes in the properties of the radioactive sub- 
stances accompanying the disintegration of their atoms as well as the 
nature of the rays emitted by these disintegrations and consisting, as 
is well known, partly of electromagnetic radiation (y-rays) and 
partly of high-speed electrons ($-rays) and positively-charged ions 
(x-rays). Above all, however, the results of these studies proved to 
be, in Rutherford’s hands, powerful tools for the exploration of 
intra-atomic structures. Thus, the careful study of the remark- 
able phenomenon of large-angle scattering of «-rays in passing 
through matter led him in 1911 to the fundamental discovery that 
the positive electrification in any atom is confined within the so-called 
nucleus, the dimensions of which are exceedingly small compared 
with ordinary atomic dimensions, and which is at the same time the 
seat of practically the whole mass of the atom. 

Not least from the chemical point of view Rutherford’s discovery 
was of decisive importance, offering us for the first time an unam- 
biguous distinction between atoms and molecules. In fact, while 
an atom possesses only one nucleus, a molecule is a structure in 
which two or more nuclei enter as separate parts. We thus recognise 
at once the origin of the remarkable stability of the natural elements 
in contrast to chemical compounds. While a separation and a 
displacement of the various atomic constituents are sufficient for 
chemical substitutions, we learned that a realisation of the old aim 
of the alchemists, namely the transmutation of elements, implies 
a radical change of the atomic nucleus itself. Now, it is just an 
explosion of the nucleus which we witness in the spontaneous disin- 
tegration of radioactive elements. In fact, after the expulsion from 
the nucleus of an «- or a @-particle, a new atomic nucleus remains, 
which corresponds to an element of quite different physical and 
chemical properties. In this connexion, it was also most instructive 
that Rutherford was able to prove that the helium generated by 
radium, first observed by Ramsay and Soddy, is a direct product of 
the neutralisation of the emitted «-rays by capture of two electrons, 
a-particles thus being identified with helium nuclei. As everyone 
knows, the first artificial transmutation of elements was achieved 
about ten years later by Rutherford when hediscovered that the pene- 
tration of «-rays through matter in certain cases is accompanied by 
the generation of high-speed, singly-charged, positive ions which 
proved to be identical with hydrogen nuclei. These are ejected 
from the nuclei of the atoms bombarded, this process leading to the 
formation of new nuclei consisting of the remainder of the original 
nuclei, with which, in some cases, the impinging «-particle may 
associate itself. 

At the end of this lecture we shall discuss the outlook created by 
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these last achievements which have inaugurated a new epoch in 
science. To keep to our subject, however, we shall for the moment 
return to the time when the fundamental ideas of the electric con- 
stitution of atoms were taking shape. To everyone who, like 
myself, had the good fortune to visit the physical laboratories in 
Cambridge and Manchester about twenty years ago and work under 
the inspiration of the great leaders it was an unforgettable experience 
to witness almost every day the disclosure of hitherto hidden 
features of nature. I remember, as if it were yesterday, the 
enthusiasm with which the new prospects for the whole of physical 
and chemical science, opened by the discovery of the atomic nucleus, 
were discussed in the spring of 1912 among the pupils of Rutherford. 
Above all, we realised that the localisation of the positive electrific- 
ation of the atom within a region of practically infinitesimal exten- 
sion allowed a great simplification in the classification of the properties 
of matter. In fact, it permitted a far-reaching distinction between 
such atomic properties as are wholly determined by the total 
charge and mass of the nucleus and those which depend directly on 
its internal constitution. Radioactivity, which according to all 
experience is independent of the physical and chemical conditions, 
is typical of the last class of properties. The ordinary physical and 
chemical properties of matter, on the other hand, depend in the first 
place on the total charge and mass of the atom as well as on the 
electronic configuration round the nucleus, which is responsible for 
the reaction of the atom to external influences. Moreover, in an 
isolated atom this electronic configuration must be expected to 
depend almost entirely on the nuclear charge and very little on its 
mass, this being so large compared with the electronic mass that the 
nuclear motion to a first approximation can be neglected in com- 
parison with that of the electrons. These simple deductions from 
the nuclear atomic model offered, indeed, an immediate explanation 
of the fact that two elements of different atomic weights and with 
quite different radioactive properties may be so alike as regards 
other properties that they are inseparable by chemical methods. 
The first evidence of such a case had been obtained a few years 
earlier by Boltwood’s discovery of ionium, which is chemically 
inseparable from thorium and even possesses an optical spectrum 
indistinguishable from the thorium spectrum, as was proved just 
at that time in Rutherford’s laboratory by experiments of Russell 
and Rossi. Two such elements, which evidently have equal nuclear 
charge, occupy the same place in the periodic table and are appro- 
priately called isotopes, according to the proposal of Soddy, through 
whose extensive investigation of the chemical properties of the 
radioactive elements in the preceding years the general importance 
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of isotopy was first recognised. The intimate connexion between 
the periodic table and the nuclear charge, of which we shall soon 
speak, led to further expectations regarding the connexion between 
radioactivity and chemical properties which were confirmed by in 
vestigations in Manchester by Hevesy and Russell. A complete co- 
ordination, of the experimental evidence on this question was soon 
obtained, as is well known, in the formulation of the so-called dis- 
placement laws, according to which any «a-ray disintegration is 
accompanied by a descent of the element of two steps in the periodic 
table, and any §-ray disintegration by an ascent of one step. In 
accordance with this law an especially instructive case of isotopy 
is exhibited by two members of a radioactive family between which 
one a-ray and two §-ray disintegrations take place. In fact, the 
identity of the nuclear charge of two such elements follows at once, 
if we realise that in the triple process the nucleus loses two negatively- 
charged electrons besides the «-particle with its double positive 
charge. This confirmation of the views in question is all the more 
interesting because the final empirical establishment of the general dis- 
placement law by Fajans and Soddy in 1913 was quite independent 
of the development of the ideas on atomic structure here discussed. 
As we now know from Aston’s ingenious refinement of the analysis of 
ionic rays originated by Thomson, the existence of isotopes is not 
confined to the radioactive elements, but almost all ordinary chemical 
elements consist of a mixture of isotopes of different atomic masses. 
The usual atomic weights are thus mean values of secondary import- 
ance as regards ordinary chemical properties. Moreover, Aston’s 
discovery that all atomic masses are very close to simple multiples 
of the atomic mass of hydrogen made it clear that the nucleus of 
any atom is built up of electrons and hydrogen nuclei. Indeed, 
we find here an interesting revival of the ideas of Prout, which a 
hundred years ago caused so much discussion among chemists. 

The recognition that the electron and the hydrogen nucleus, 
generally termed “ proton,” form the ultimate units of atomic 
structures places before us the prospect of a purely electric con- 
stitution of matter. Still, as we have seen, the interpretation of the 
bulk of chemical and physical experience is independent of the 
problem of the internal constitution of atomic nuclei, which presents 
peculiar aspects to be discussed later. For this interpretation, it 
is sufficient to consider the nucleus as a charged mass point, and we 
are solely concerned with the problem of the configuration of the 
extra-nuclear electrons, the number of which in a neutral atom is, 
of course, determined by the nuclear charge. Now, the first element 
in the periodic table, namely hydrogen, contains one electron in 
the atom, and the second element, helium, contains two extra- 
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nuclear electrons. From the general ideas: of Thomson concerning 
the relation between electron number and periodic table; it was 
therefore an unavoidable generalisation that for any element the 
number of extra-nuclear electrons in the neutral atom is given by 
the integer, the so-called atomic number, which fixes its position in 
the table, often termed the “‘ natural system of the elements.” This 
view was in obvious conformity with the radioactive displacement 
law and agreed, within the limits of experimental error, with Ruther- 
ford’s original estimate of the nuclear charge, derived from the 
measurements of «-ray scattering by Geiger and Marsden. It hassince 
been directly confirmed by the refined measurements of Chadwick 
on this phenomenon, as well as by renewed investigations, inter- 
preted by Thomson’s famous formula, of the scattering of Réntgen 
rays by matter. Above all, the experimental evidence regarding 
this fundamental point has obtained a most extraordinary amplific- 
ation, as we shall see, through Moseley’s brilliant researches on the 
characteristic Réntgen spectra of the elements. Summarising the 
situation, we may say that, as regards the co-ordination of alli 
ordinary properties of matter, Rutherford’s model of the atom puts 
before us a task reminiscent of the old dream of philosophers: to 
reduce the interpretation of the laws of nature to the consideration 
of pure numbers. 





On setting out to work on this attractive programme, however, one 
was at once confronted with difficulties of a most serious character, 
which would at first sight even appear to be fatal to the whole con- 
ception of the electric constitution of atoms. Indeed, on classical 
theories no system of charged material points will exhibit a stability 
of the kind which must be attributed to atomic structures in order 
to account for the chemical and physical properties of matter. Such 
systems will not possess statical states of stable equilibrium in the 
ordinary mechanical sense, nor will any dynamical state fulfil the 
conditions required. Even in the simplest case of an atom con- 
sisting of a positive nucleus and one electron, this is quite evident. It 
is true that, according to Newtonian mechanics, two particles attract- 
ing each other with a force, ruled by Coulomb’s law, will revolve in 
Keplerian ellipses round their common centre of gravity. But this 
solution, which accounts satisfactorily for the stability of planetary 
motions, does not enable us to understand why, by the combination 
of an electron and a proton, an atom is formed with properties 
corresponding to the chemical behaviour and characteristic line- 
spectrum of hydrogen. Without entering into any speculation 
regarding the origin of the solar system, it is clear that the dimensions 
of the earth’s orbit and the length of the year are essentially deter- 
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mined by the initial conditions and may any day be permanently 
modified by a collision with a meteor. On the other hand, the 
definiteness of the hydrogen atom under most varied conditions is 
impressively exhibited by the identification of spectral lines from 
distant stars with the hydrogen spectrum obtained in ordinary 
discharge tubes. If we look closer into the origin of this spectrum, 
the situation becomes even worse. In fact, the very emission of 
radiative energy from the atom will be accompanied, according to 
ordinary electromagnetic ideas, by a gradual decrease of the size 
of the electron orbit and the period of revolution, which process will 
prevent the appearance of sharp monochromatic spectral lines and 
ultimately cause the electron to combine with the proton into a 
neutral system of linear dimensions exceedingly small compared 
with those of actual atoms. Similar remarks obviously hold for any 
atomic system of the type under consideration. Indeed, from 
ordinary mechanics and electrodynamics no argument can be 
derived which allows us to explain why the electric constituents of 
the atom do not neutralise each other in a way catastrophic to the 
stability of material bodies. 

Clearly, an entirely new idea was needed before the discoveries 
regarding the ultimate electric particles could be properly utilised 
in the interpretation of the general properties of matter. In the 
search for such an idea, however, one had not to look far: A clue 
to the solution of the difficulties was offered by Planck’s fundamental 
discovery of the elementary quantum of action, which, especially in 
the hands of Einstein, had already proved so fruitful in co-ordinating 
physical experience of most varied kinds. Indeed, this discovery 
had disclosed a nevel feature of atomicity in the laws of nature, 
quite foreign to the classical ideas of physics, and in a certain sense 
even more so than the atomic nature of electricity. Of course, no 
explanation based on general electromagnetic theory can be given 
of the existence of the elementary quantum of electricity and of the 
specific values of the masses of the electron and of the proton, but 
it must be remembered that the measurements of the charge and 
the mass of these particles rest on experimental evidence which 
permits of an unambiguous interpretation by means of classical 
ideas. No account of the existence of the quantum of action 
can be given, however, which does not involve a radical departure 
from ordinary physical principles. Of course, the determination 
of Planck’s universal constant is also based on measurements 
classically defined, but in contrast to the case of the electronic charge 
and mass, no rational interpretation in electromagnetic terms can 
be given of the derivation of the action quantum from these measure- 
ments. The field of unambiguous applicability of classical concepts 
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is limited to processes where the mechanical action involved is large 
compared with the quantum, as in the deflection experiments with 
electric rays; and the insufficiency of these ideas to account for 
atomic reactions is due just to the fact that a detailed analysis of 
the intra-atomic motions would involve the consideration of elements 
of electron paths for which the action is of the same order of magni- 
tude as, and even smaller than, the quantum. Certainly, the two 
fundamental aspects of atomicity, symbolised by the elementary 
quanta of electricity and action, are intimately connected, and 
when we come to the problem of the constitution of atomic nuclei, 
we shall see that it is no longer possible to use the ideas of electron 
charge and mass without ambiguity. But, as regards the extra- 
nuclear electronic configuration, a great simplification arises from 
the fact that the dimensions of the constituent particles, defined in 
a classical sense, can be considered as negligibly small compared 
with those of the whole atom. Indeed, this idealisation, on which 
the simple classification of atomic properties rests, allows us in the 
region outside the nucleus to regard the specific properties of the 
electrons as independent of the quantum of action. 

Already in the years preceding the establishing of the nuclear model 
of the atom, the question of the bearing of Planck’s discovery on the 
problem of atomic constitution had been discussed from various 
sides, and approximate relationships between atomic constants had 
been suggested. Previous atomic models, however, constructed 
from the point of view of mechanical stability, were obviously un- 
suited to a satisfactory interpretation of the specific properties of 
the elements, and, as they were in themselves fully determined as 
regards dimensions and frequencies, the introduction of the action 
quantum meant no decisive improvement in this respect. The 
situation was completely changed by Rutherford’s discovery. 
Indeed, the evident insufficiency of simple mechanical ideas as 
regards the interpretation of atomic stability not only made a 
radical departure from classical principles inevitable but left at the 
same time sufficient freedom for the utilisation of the guidance 
offered by the direct evidence concerning the physical and chemical 
properties of the elements. A suitable basis for the use of this 
evidence I found in two simple “‘ postulates.” According to the first 
of these, any well-defined change of state of an atom is to be con- 
sidered as an elementary process, consisting in a complete transition 
of the atom from one of its so-called stationary states to another of 
these states. On the one hand, this postulate is no more than a 
definite formulation of the remarkable stability of atomic structure 
disclosed by general chemical evidence. On the other hand, it is 
directly suggested by the existence of the quantum of action. 
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Not only is the view of the elementary character of the transition 
processes directly related to the essential indivisibility of the 
quantum, but it permits at once the use of Planck’s famous relation 
between energy and frequency of individual radiation processes as a 
basis for a simple interpretation of a fundamental law of spectro- 
scopy; the so-called combination principle. This principle, estab- 
lished through the remarkable researches of Balmer, Rydberg, and 
Ritz, states that the frequency of any spectral line may be written 
as the difference between two terms belonging to a term-system 
characteristic of the spectrum under consideration. Assuming that 
these terms, multiplied by the quantum of action, are numerically 
equal to the energies.of the stationary states of the atom, we see, in 
fact, that the combination principle is equivalent to the second 
postulate, according to which the radiation emitted or absorbed 
during a transition process is essentially monochromatic and possesses 
a frequency equal to the energy difference between the two states 
divided by Planck’s constant. 

This view of the origin of spectral lines is in obvious conformity 
with Einstein’s law of photochemical equivalence and brings the 
conditions for the appearance of spectra into close connexion with 
the chemical. state of. ‘the substance in question. Indeed; the 
apparent capriciousness of the occurrence of lines in emission and 
absorption spectra is completely accounted for, in accordance with 
Kirchhoff’s law, if it is taken into consideration that the emission 
of a spectral line corresponding to a given transition between two 
stationary states implies the presence of the atom in the state of 
higher energy, whereas the condition for absorption is the presence 
of the atom in the state of lower energy. The inversion of individual 
atomic reactions, with which we have here to do, is especially instruc- 
tive, since the transition processes concerned are essentially ele- 
mentary and fall outside the scope of ordinary mechanical reversi- 
bility. In fact, according to the interpretation of the combination 
principle, an atom in a stationary state will generally have a choice 
between a number of different transitions to other stationary states, 
and the occurrence of these elementary processes is necessarily a 
question of a priori probability. A step of far-reaching importance 
as regards the formulation of probability laws for radiation processes 
was taken, as is well known, by Einstein in 1916, when, on the Basis 
of the above-mentioned postulates, he gave a lucid derivation of 
Planck’s law of black-body radiation. A still more direct confirm- 
ation of the postulates had been obtained a few years earlier by the 
well-known experiments of Franck and Hertz on collisions between 
atoms and free electrons. They found, in complete agreement with 
the theoretical predictions, that no exchange of energy between the 
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atom and the electron is possible unless the collision results in a trans- 
ference of the atom from its normal state to another stationary state of 
higher energy. The collision processes in question may, indeed, be 
considered as chemical reactions of a particularly simple type, where- 
by the atom is brought from its initial inactive state into a so-called 
activated state, from which, in general, it will fall back to the initial 
state in one or more steps with emission of radiation. For the theory 
of chemical reactions, however, it is of special importance that the 
return of the atom to its normal state can also take place in a 
radiationless process in which the energy of activation is transferred 
by a collision to a free electron or to another atom in the form of 
kinetic or chemical energy. The possible occurrence of such so- 
called inverse collisions was first pointed out by Klein and Rosseland 
from the consideration of thermal equilibrium ; and the importance 
of these processes in chemical reactions is shown most instructively 
by the recent researches of Franck and his collaborators. 





The connexion so far discussed between atomic stability and the 
quantum of action is quite general and is only indirectly related to 
the atomic model. In view of the conflict between the postulates 
which underlie our discussion and the ordinary ideas of mechanics 
and electrodynamics involved in the definition of the charge and 
the mass of the constituents of the atom, it is clear that these ideas 
can only offer us limited guidance for a direct attack on the problem 
of atomic constitution. A proper basis fora detailed treatment of 
this problem has, in fact, been established only in the last few ‘years 
through the development of a consistent quantum mechanics in 
which the two fundamental postulates are rationally incorporated. 
In direct connexion with the formulation of these postulates, how- 
ever, it was possible to take a first step towards the realisation of the 
programme, referred to above, of interpreting the specific properties 
of the chemical elements and their mutual relationship on the basis 
of the nuclear atom model. <A starting point was offered by the 
extraordinary simplicity of the hydrogen spectrum. According to 
the well-known formula of Balmer, this spectrum can be derived 
from a single sequence of terms, each equal to a constant divided 
by the square of an integer, the so-called term-number. Now, in 
conformity with the interpretation of the combination principle, 
each spectral term, multiplied by Planck’s constant, may be taken 
to represent, for the corresponding stationary state of the atom, the 
work necessary to remove the electron to an infinite distance from 
the proton. The term-system of hydrogen thus offers valuable 
information about the formation of the atom by the binding of the 
electron to the proton through a step-like process. According to 
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the ideas of ordinary mechanics, the steps in this binding process 
would be pictured as a sequence of electron orbits, the major axes 
and the revolution frequencies of which are respectively proportional 
to the square and the inverse cube of the term-numbers, in accord- 
ance with Kepler’s laws. The values thus obtained for the orbital 
dimensions and frequency in the normal state, with term-number 1, 
are, in fact, of the same order of magnitude as those derived for 
atomic diameters and frequencies from the classical interpretation 
of mechanical and optical properties of gases. Still, since this 
interpretation conflicts with the view of atomic stability under con- 
sideration, such a comparison can, of course, only be of an approxi- 
mate character. A quantitative connexion between the mechanical 
pictures of the stationary states and the actual properties of the 
hydrogen atom, however, is offered by the circumstance that the 
relative differences between successive values of orbital dimensions 
and frequencies tend to zero for increasing term-numbers. Indeed, 
we see here how the ordinary mechanical idea of continuous vari- 
ability of orbital characteristics appears as a limiting case; and we 
shall expect that the general electromagnetic concepts will gradually 
gain full justification in this limit, so far as the elementary character 
of the individual transition processes can be disregarded. From 
this so-called correspondence argument, it follows that the radiation 
emitted during the limiting stages of the binding process can be 
quantitatively described by classical ideas. In particular, the 
spectral frequencies calculated from the possible transition processes 
on the basis of the postulates must, in these stages, tend to coincide 
with the frequencies of the harmonic components into which the 
classical radiation from the revolving electron can be analysed. A 
simple calculation shows, however, that this condition is equivalent 
to the existence of a definite relation expressing the constant in 
Balmer’s formula in terms of the charge and the mass of the electron 
and of Planck’s constant. This relation was convincingly supported 
by the empirical values of these quantities then available and has 
been fully confirmed by the refined measurements of Millikan, as 
described, for example, in his Faraday Lecture of 1924. 
Theestablishment of thisconnexion between the hydrogen spectrum 
and the model of the atom led directly to the recognition of a relation- 
ship between the spectra of the elements of a more intimate character 
than hitherto suspected. In fact, it follows from the calculation 
just mentioned that the term-system of the spectrum emitted by the 
binding of an electron to a nucleus of a given charge will only differ 
from the hydrogen term-system by a factor equal to the square of 
the ratio between this charge and that of the proton. In other 
words, the spectrum is given by the Balmer formula, if only the 
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constant be multiplied by the square of the atomic number. Now 
a spectral series, which could be represented by this generalised 
formula for the atomic number 2, had first been observed by Picker- 
ing in the spectra of certain stars, and after much labour was also 
obtained by Fowler in the spectrum emitted from tubes containing 
a mixture of hydrogen and helium and exposed to condensed electric 
discharges. Owing to its close numerical relationship with the 
ordinary hydrogen series, this new spectral series was attributed to 
hydrogen both by astronomers and by physicists. According to our 
argument, however, it should originate from helium under such condi- 
tions that one electron is totally removed from the atom and the 
remaining ion transferred to an activated state. This view offered 
an explanation of the capricious appearance of the series in 
‘question in stellar spectra as well as of its excitation under special 
experimental conditions and was soon confirmed by experiments in 
ithe Manchester Laboratory by Evans, who succeeded in exciting the 
series in helium of such great purity that no trace of hydrogen lines 
‘could be detected. A further verification of the generalised Balmer 
formula has been obtained, in recent years, in Siegbahn’s laboratory, 
where remarkable progress in the spectroscopy of the far ultra- 
wiolet region has been achieved. In fact, spectra corresponding to 
this formula for atomic numbers 3, 4, and 5 were found by Edlén to 
‘be emitted from lithium, beryllium, and boron, respectively, when 
‘they are exposed to intense electron bombardment. 

This intimate relationship between the spectral characteristics of 
‘the elements, which so instructively remind ys of the extraordinary 
simplicity of the atomic model, is so far confined to the case of one 


-extra-nuclear electron, and the properties of atoms with several 


electrons will naturally exhibit a greater complexity. Still, remark- 
ably simple relationships of a general character are disclosed by the 
study of the spectra. As was first recognised by Rydberg, the con- 
stant in Balmer’s formula, now generally known as Rydberg’s 


constant, appears quite universally in the numerical representation 
of the term-systems, often highly complicated, into which the 


spectra emitted from elements under ordinary conditions can be 


analysed. In particular, every such term-system was found to 


include terms closely coinciding with the hydrogen terms. This 
observation, which was for some time rather puzzling, obtains, 
however, an immediate interpretation on our view of atomic con- 


-stitution, if we assume that such hydrogen-like terms correspond to 


activated states of a neutral atom in which one electron is removed 
to a distance from the nucleus large compared with the linear 
dimensions of the configuration of the remaining electrons. In 
fact, this outer electron will, during its rebinding, be subject to 
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forces which are nearly the same as those exerted by a proton, and 
we must therefore expect that the steps of this process will resemble 
closely the stationary states of the hydrogen atom. This view was 
soon confirmed in an interesting manner. Indeed, in the course of 
a discussion in Nature in 1913 on the spectrum of ionised helium 
mentioned before, Fowler pointed out that certain series which 
he had recently observed in the magnesium spectrum could be 
united into a simpler series system, if instead of the Rydberg 
constant a value four times larger were used. Now, this is just 
what we should expect for activated states of singly-ionised atoms 
in which one electron is bound at a comparatively large distance 
from the nucleus. Especially through the researches of Fowler, 
spectra of this type have since been shown to occur quite generally 
when elements are subjected to heavy discharges. A further 
extension of the spectral classification was achieved a few years 
later by Paschen, who discovered in the aluminium spectrum a 
series system corresponding to nine times the Rydberg constant, 
which evidently originates from doubly-ionised atoms. In recent 
years, a valuable addition to the general spectral evidence regarding 
atomic constitution has been obtained through Millikan’s researches 
on highly condensed discharges, by which spectra have been found 
of atoms of a still higher degree of ionisation. 

Before we proceed to the closer discussion of the bearing of the 
optical spectral evidence on the problem of the periodic variation 
in the chemical properties within the natural system of the elements, 
we must.mention the wonderful support which the general ideas on 
atomic constitution received through the investigations on Réntgen 
ray spectra. In contrast to the optical spectra, which originate in 
the binding of electrons in the exterior parts of the atom, these 
spectra are emitted during the reorganisation of the electronic 
configuration when electrons bound in the interior of the atom are 
removed from their normal state. Notwithstanding the intrinsic 
complexity of this problem, it is characteristic of our atom model 
that, owing to the predominance of the nuclear attraction over the 
mutual repulsion of the electrons in the inner region of the atom, 
we should expect a close resemblance between the Réntgen spectrum 
of an element and the spectrum emitted by the binding of a single 
electron to the nucleus. This view was also in conformity with the 
remarkable regularities disclosed by Barkla’s fundamental researches 
on the characteristic Réntgen radiation of the elements, and, in 
connexion with the establishing of the generalised Balmer formula, 
I pointed out that it explained the empirical rule of Whiddington 
on the velocity of cathode rays necessary to excite this radiation. 
Only a few months later, moreover, the experimental evidence re- 
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garding the subject was enormously increased through Moseley’s far- 
reaching researches on the spectral constitution of Réntgen rays, 
made possible by Laue’s discovery of the diffraction of Réntgen rays 
in crystals and the subsequent fundamental work of the Braggs on 
erystal structures. Moseley, working in Rutherford’s laboratory 
and endeavouring to put the new ideas to a decisive test, made in 
an astoundingly short time a number of important discoveries which 
jaid the foundations of high-frequency spectroscopy. Above all, 
the characteristic Réntgen spectra of the elements were found to 
vary with increasing atomic number in a way so regular that not 
only was it evident whenever an element was still missing from the 
periodic table, but it even became possible to draw unambiguous 
deductions regarding the number of elements in any period of the 
natural system. One cannot here refrain from admiring the 
thoroughness with which chemists have explored their great field, 
and especially the intuition of Mendeleiev, when one sees that all 
his predictions regarding missing elements as well as his expectations 
concerning the proper sequence of such pairs of elements as were 
inverted when classified according to atomic weight were borne out 
completely by Moseley’s work. It is also interesting that Moseley’s 
deductions regarding the number of elements in the longer periods, 
for which chemical evidence at Mendeleiev’s time was very scanty, 
agreed entirely with the remarkable rules more or less intuitively 
predicted by Julius Thomsen from chemical and by Rydberg from 
spectral evidence. 





As we shall see, the quantum interpretation of atomic stability 
not only enables us to bring out the simple regularities in the relation- 
ships between the elements directly suggested by the nuclear atom, 
but also, in connexion with the atomic model, it has proved to be a 
clue to the understanding of the more intricate features of those 
relationships embodied in the periodic table. The remarkable 
periodicity of the physical and chemical properties of the elements 
when classified by increasing atomic number evidently originates 
from the gradual development of a group structure of the electron 
configuration, as had already been convincingly shown in Thomson’s 
pioneer work on the electronic constitution of atoms. This work 
contains, indeed, an abundance of original and fruitful ideas as 
regards the interpretation of chemical evidence which have 
received suggestive amplification especially in the hands of Kossel 
and Lewis. However, the views of mechanical stability on which 
Thomson based his discussion of the electron group structure 
are not directly utilisable in connexion with Rutherford’s model 
of the atom. A suitable basis for the investigation of this group 
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structure has been found in the recognition of the step-like 
character of the binding of electrons in atoms, which enables 
us to utilise for this purpose the general spectral evidence. An 
important starting point was offered by the closer study of the 
Réntgen spectra. In fact, the characteristic structure of these 
spectra can be simply explained, as was first pointed out by Kossel, 
on the assumption that their lines are emitted by elementary 
transition processes, in which the place left free in an inner electron 
group by the removal of an electron from the atom is taken up by a 
new electron failing from a group where the electrons are more 
loosely bound. The empty place left in this last group may then, 
under emission of another Réntgen line, be occupied by an electron 
coming from a group of electrons bound still more loosely, and so 
on. According to this view, which is in obvious conformity with 
the combination principle, each term of the Réntgen spectrum of 
an element gives us direct information about the work necessary 
for the removal of an electron from one of the various groups in the 
normal electron configuration of the atom. Interpreted in this way, 
the empirical rules, in which Moseley summarised his measurements 
of the frequencies of the main Réntgen lines, lead, as was first noted 
by Vegard, to the result that the strength of the binding of each 
principal electron group is approximately equal to that of some 
stationary state of the binding of one electron to the nucleus. 
Thus we see that the term-number appearing in the Balmer 
formule, which in the quantum-theory terminology is called “ the 
principal quantum number,” enters directly into the classification 
of the group structure of the normal electronic configuration. In 
fact, it is characteristic of the ideas of atomic constitution under 
discussion that, besides the atomic number, other integers play a 
fundamental réle in the account of the relationships between the 
elements. 

The simple classification of the stationary states of the hydrogen 
atom did not suffice, however, for a closer investigation of the group 
structure of atoms with several electrons, nor for the detailed inter- 
pretation of the complex spectra of such atoms. A great advance 
in the classification of stationary states and a corresponding refine- 
ment of the systematics of quantum numbers was achieved, in the 
following years, by the extension of the use of mechanical pictures 
to orbital motions of more complicated type than the simple periodic 
Keplerian orbits which were sufficient for the derivation of the 
Rydberg constant. For such orbits of higher degree of periodicity, 
the so-called rules*of quantisation, by which the stationary states 
are selected from the continuous infinity of mechanically possible 
motions, involve the use of as many quantum numbers as there are 
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independent frequencies in the motion. This important advance 
was introduced in 1915 by Wilson and Sommerfeld, and the formal 
consistency of the scheme thus obtained was secured to a large 
extent by Ehrenfest’s principle of adiabatic invariance of stationary 
states. In the following development Sommerfeld, especially, 
contributed in a most successful way to the disentangling of 
the extensive spectroscopic material regarding the fine structures 
exhibited not only by complex spectra, but even by the hydrogen 
lines when examined with instruments of high resolving power. 
Notwithstanding the fundamental limitation of mechanical and 
electromagnetical ideas already emphasised, the essential reality of 
the results obtained in this way was also confirmed by the explanation 
of the remarkable selection rules, governing the appearance of spectral 
lines predicted by the combination principle, which was offered by 
correspondence arguments of the kind indicated in our discussion 
of the hydrogen spectrum. Encouraged by this progress, I made in 
1921 an attempt to utilise the whole spectroscopic evidence for a 
comprehensive survey of the electronic constitution of the atoms. 
Although, of course, many details could at that time not be ex- 
plained, it was still clear that the principles of quantum theory 
were in a sufficiently advanced state to enable a number of unambigu- 
ous deductions to be drawn regarding the gradual development of 
the electronic groups with increasing atomic number. The leading 
idea was to follow the building up of these groups by the successive 
addition of the electrons, one by one, using the information regarding 
the binding process of each electron given by the structure of the 
accompanying spectrum. Corresponding to the appearance, in 
the classification of the spectral terms, of a so-called subordinate 
quantum number in addition to the principal quantum number, 
it was thus possible within each principal electron group in the 
completed atomic structures to distinguish between a number of 
sub-groups which are gradually filled up as the atomic number 
increases. In every atom the strength of the electron binding 
decreases regularly with increasing values of any of the two quantum 
numbers and will normally be firmer for an electron of lower prin- 
cipal quantum number, irrespective of the value of the subordinate 
number. During the building-up of the group structures, however, 
it sometimes happens that electrons in a sub-group with given 
quantum numbers are more firmly bound than in sub-groups of 
lower principal number, but higher subordinate number. The 
former sub-groups therefore appear in the atom before the latter, 
but with increasing atomic number the normal relationship between 
the strength of the various types of electron binding is restored, 
and the groups of lower principal quantum number are filled up 








366 BOHR: CHEMISTRY AND THE *’ 


while the development of higher principal groups is brought to a 
temporary standstill. This accounts for the anomalous positions 
within the periodic table of such families of elements as the 
iron and platinum metals and the rare earths which are due to 
a temporary delay in the regular development of outer electron 
groups with increasing atomic number, caused by some transitory 
stage in the development of inner groups. This circumstance, 
which also explains the singular behaviour of the elements in 
question regarding their magnetic properties and their character- 
istic colours, has been especially emphasised by Ladenburg and 
Bury. According to the theory, all such transitory stages in 
the regular development of the atomic group structures were 
now simply accounted for by the addition of new sub-groups to 
principal electron groups that are only partially completed, and 
the apparent irregularities in the periodic table appear thus as 
direct consequences of quite elementary features of the quantum 
theory. 

These conclusions regarding the gradual development of the 
group structure in atoms soon received instructive support through 
the great advance in our knowledge of the high-frequency spectra, 
achieved in those years by Siegbahn and his collaborators. 
Especially, we owe to Coster a very considerable increase in the 
empirical material regarding the terms of these spectra and their 
classification, by means of which it was possible to make a detailed 
diagrammatic representation of the way in which any of the Réntgen 
terms varies with increasing atomic number. Now, this diagram 
disclosed marked deviations from the uniform slope of the Moseley 
term curve, occurring at all values of the atomic number for which, 
according to the theory, the beginning or the completion of a new 
stage in the development of inner electron groups took place. A 
further important verification of the theoretical ideas was furnished 
in 1922 by Coster’s and Hevesy’s discovery, by Réntgen-ray analysis 
of zirconium minerals, of a new element of atomic number 72. The 
properties of an element of this atomic number had been the subject 
of discussions among chemists, and the view was advocated that it 
should be a member of the rare-earth family. This opinion, how- 
ever, was in sharp contrast with the theory of group structure in 
question, according to which the new element should be homologous 
with titanium and zirconium, as was also definitely indicated in the 
old diagrammatic representation of the periodic table by Julius 
Thomsen which has been found so well suited to illustrate the later 
theoretical views. In fact, the new element, named hafnium, not 
only showed, as Hevesy’s researches proved, an intimate relation 
with zirconium in all its chemical properties, but in addition it was 
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found to be contained in considerable percentage in all common 
zirconium minerals, though hitherto undetected, Indeed, hafnium 
belongs to the elements which are quite abundant in the earth’s 
crust and differs in this way from the other new elements which 
have been detected in recent years by means of the powerful tool 
offered by Moseley’s discovery and which have filled up almost all 
the empty places in the natural system. 

Although a definite connexion between the atomic group structure 
and the general spectral evidence could be traced by the indicated 
procedure, the underlying principles were admittedly limited in 
various directions. Iam thinking here not only of the fundamental 
revision of quantum theoretical methods which we shall soon discuss, 
but also of the many questions concerning finer details which were 
still left open. Indeed, the table then given of the group distribu- 
tion of the electrons in the atoms exhibited various hypothetical 
features which were ameliorated by subsequent developments. In 
this respect, Landé’s analysis, based on the combination principle 
and the correspondence argument, of the remarkable Zeeman effect 
patterns of spectral lines became of decisive importance.. In 
fact, the results of this analysis enabled Stoner to extend the 
systematics of group structure by the use of three quantum numbers 
for the characterisation of the electron binding instead of the two 
quantum numbers of the previous group classification. It is interest- 
ing that this improvement showed a striking resemblance to the 
proposal of a division of the sub-groups made by Main Smith on the 
basis of a comprehensive examination of the chemical evidence. A 
final contribution to the elucidation of the problem was given in 
1925 by Pauli, who, by the introduction of a fourth quantum number, 
was able to co-ordinate all the evidence concerning the completion 
of electron groups in a single rule, the so-called exclusion principle, 
which states that two electrons in an atom are never in exactly the 
same stage of binding, as defined by the four quantum numbers. 
To the new quantum number Pauli was led by the analysis of the 
remarkable transformation, known as the Paschen—Back effect, 
which the Zeeman patterns undergo in magnetic fields of increasing 
strength as a consequence of the gradual predominance of the 
external field over the mutual influence of the bound electrons as 
regards spatial orientation effects. We have here, however, gone 

beyond the limit of a legitimate use of mechanical pictures; and in 
this connexion it is important to note that no unambiguous inter- 
pretation can be given on classical ideas to the concept of electron 
spin, by which so fruitful an attempt was made to interpret the 
fourth quantum number. In fact, it follows from the general 
arguments to be discussed later that it is impossible to measure 
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the magnetic moment, ascribed to the electron according to this 
idea, in a well-defined way similar to the ingenious methed of 
Stern and Gerlach by which the resultant magnetic moments of 
atoms are measured. In contrast to the charge and the mass of 
the electron, the spin cannot therefore be said to belong to the 
classically defined properties of the atomic model. On the other 
hand, even ordinary spectral evidence forces us to abandon the 
idealisation of the model according to which the nucleus is considered 
as a charged material point. Indeed, from the analysis of the so- 
called hyperfine structure of spectral lines it is possible, as was 
originally suggested by Pauli and proved especially by Goudsmit, 
to draw unambiguous and important conclusions regarding the 
magnetic moments and angular momenta of complex nuclei. 
Through the completion of the systematics of electron binding in 
atoms, which allows us to account for all regularities in the periodic 
table down to the finest features, a connexion of a comprehensive 
character has been established between the general chemical evidence 
and our ideas of atomic constitution. For the detailed account of 
this evidence, however, the classification of electron binding by 
means of orbital pictures is a proper guide only in the case of chemical 
combinations involving polar bonds. As stressed especially by Kossel, 
molecuies resulting from such combinations may be considered as 
agglomerations of ions, each keeping its electrons in the same state 
of binding as if it were isolated. It is true that, even for isolated 
ions and atoms, the mechanical picture of the electron binding is 
unable to account quantitatively for the binding energies, as was 
most clearly shown in the case of the neutral he:ium atom where 
the rules of quantisation of electron orbits are unable to account 
for the ionisation energy predicted with great accuracy by the 
analysis of the ultra-violet helium spectrum. While this was no 
serious drawback in the general description of polar molecules, the 
failure of mechanical pictures hindered for some time progress in 
the understanding of such chemical combinations which involve 
homopolar bonds. In a homopolar molecule the binding of the 
valency electrons differs from that in isolated atoms to such an 
extent that it is not even possible to distribute them in an unam- 
biguous way between the individual atoms entering the molecule. 
A typical example is here offered by the hydrogen molecule which 
consists of two protons held together by two electrons. In con- 
nexion with the original discussion of the hydrogen spectrum, I 
proposed in 1913 a simple model of the hydrogen molecule in which 
the electrons revolved in a common orbit symmetrically oriented 
with respect to the protons. Although this model gave values of 
the right order of magnitude for the heat of dissociation and the 
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ionisation potential of hydrogen gas, it was unsuited to an exact 
calculation of these quantities. ‘The limitation of the use of 
mechanics in picturing stationary states, which thus again confronts 
us, is all the more serious because here the very classification of these 
states on the basis of the rules of quantisation loses its uniqueness. 
Even though, as was shown most instructively by Lewis, the general 
idea of the sharing of pairs of equivalent electrons by atoms has 
proved fruitful in symbolising homopolar bonds, especially in the 
molecular aggregates of organic chemistry, we are here definitely 
outside the limit of visualisation either-by means of statical configur- 
ations or by orbital motions, A detailed account of the elementary 
processes of chemical reactions by means of the ordinary ideas of 
mechanies is indeed prevented by the conflict between these ideas 
and the view of atomic stability expressed by the quantum postulates. 
An adequate basis for this account, however, has in the last few 
years been afforded by the new symbolic methods properly adapted 
to the existence of the action quantum. 





A fundamental step towards the establishing of a proper quantum 
mechanics was taken in 1925 by Heisenberg who showed how to 
replace the ordinary kinematical concepts; in the spirit of the corres- 
pondence argument, by symbols referring to the elementary processes 
and the probability of their occurrence. This symbolism may, 
indeed, be considered as a most ingenious completion of the trend 
of ideas characterised by Kramers’ adaptation of Lorentz’ classical 
theory of the optical dispersion phenomena to the quantum theory 
of spectra. Above all, this correspondence treatment of dispersion 
accounts in a natural way for the Raman effect which in recent 
years has been so important for the elucidation of chemical problems. 
In fact, this effect, the existence of which was: first suggested by 
Smekal on the basis of the quantum postulates, contrasts most 
strikingly with the expectations of classical theory, according to 
which spectral lines should only show normal dispersion, since they 
are supposed to originate from harmonic oscillators. From a general 
theoretical standpoint, Heisenberg’s symbolism, extended by im- 
portant contributions especially from Born, Jordan, and Dirac, is 
quite satisfactory within its scope. A method, however, which is not 
only most powerful for the treatment of particular problems, but which 
also greatly illuminates the general principles of quantum mechanics 
has been developed by Schrédinger. This method is based on the 
original idea of de Broglie, who in 1924 proposed to associate a wave 
train with the motion of a material particle, the frequency and 
wave-length being related to the energy and momentum by 
Einstein’s fundamental formule for radiation quanta which have 

9) 
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been so helpful in the explanation of the Compton effect. As is 
well known, this idea of so-called “‘ matter-waves ”’ offered a com- 
plete explanation of Davisson and Germer’s and G. P. Thomson’s 
remarkable experiments on diffraction of electron beams by crystals 
which so strikingly resembles diffraction of Réntgen rays. Corre- 
sponding to Debye’s ingenious method of structural analysis by 
Réntgen rays, this electron diffraction has even recently proved 
of great utility for the exploration of the molecular structure of 
organic substances. The extreme fertility of wave pictures in 
accounting for the behaviour of electrons must, however, not make 
us forget that there is no question of a complete analogy with 
ordinary wave propagation in material media or with non-sub- 
stantial energy transmission in electromagnetic waves. Just as in 
the case of radiation quanta, often termed “ photons,” we have 
here to do with symbols helpful in the formulation of the probability 
laws governing the occurrence of the elementary processes which 
cannot be further analysed in terms of classical physical ideas. In 
this sense, phrases such as “the corpuscular nature of light” or 
“the wave nature of electrons ” are ambiguous, since such concepts 
as corpuscle and wave are only well defined within the scope of 
classical physics, where, of course, light and electrons are electro- 
magnetic waves and material corpuscles respectively. 

As regards its application to chemical problems, the merit of 
Schrédinger’s method lies, above all, in the instructive pictures of 
stationary states afforded by standing waves, the nodes of which 
are directly related to the quantum numbers used in the classification 
of spectral terms. Indeed, it was just a visualisation of quantum 
numbers of electron orbits by means of vibration nodes which was 
the original aim of de Broglie. Still, the symbolic aspect of Schré- 
dinger’s wave functions appears immediately from the use of a 
multidimensional co-ordinate space, essential for their representation 
in the case of atomic systems with several electrons. Far from being 
a hindrance, just this circumstance permits us to formulate Pauli’s 
exclusion principle in a simple and general way. According to this 
formulation, the wave function of a system of electrons is never sym- 
metrical both in the space and spin co-ordinates of any two electrons, 
although all electrons are indistinguishable from one another and 
in consequence play equivalent parts in the wave-function. The 
non-visualisable character of Pauli’s principle, to which we have 
already alluded, is also clearly brought out by the réle which the idea 
of electron spin plays in this formulation. Indeed, one of the most 
outstanding contributions to the new developments is Dirac’s 
quantum theory of the electron which accounts for all effects pre- 
viously attributed to the magnetic moment or angular momentum of 
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electrons by a symbolic procedure utilising, in addition to the quan- 
tum of action, only the concepts of classical relativistic electron 
theory. Heisenberg, to whom, besides Dirac, we owe the quantum 
mechanical elucidation of the exclusion principle, showed how it was 
consistent with the appearance of two non-combining term-systems 
in the spectrum of the neutral helium atom, corresponding to wave- 
functions respectively symmetrical and antisymmetrical in the 
space co-ordinates of the two electrons. Indeed, the existence of 
these so-called ortho- and para-systems had been a puzzle ever since 
the frustrated endeavours of chemists to separate helium gas into two 
hypothetical constituents named ortho- and para-helium. While 
the normal state of the helium atom belongs to the para-system, 
the first term of the ortho-system corresponds to the so-called 
metastable state of the helium atom, the remarkable properties of 
which were first pointed out by Franck. A very interesting recent 
contribution to the problem of the constitution of the helium atom is 
due to Hylleraas who, on the basis of wave mechanics, developed a 
precision method for the numerical evaluation of wave-functions and 
derived a value for the ionisation potential of helium which agrees, 
within the limits of experimental error, with the spectral evidence. 
Indeed, this result represents the first quantitative derivation of a 
constant depending on the constitution of an atom with more than 
one electron. Recently, Hylleraas’ calculation has obtained further 
striking confirmation by Edlén’s analysis of the spectra emitted by 
singly, doubly, and trebly charged ions of beryllium, boron, and 
carbon, respectively. For atoms and ions with more than two 
electrons, no exact calculations of spectral terms have hitherto 
been performed; still, for such atoms also, the wave-functions 
derived by the approximation method of Hartree have proved 
helpful, especially in accounting for the spatial electronic distribution 
in atoms determining the dispersion of Réntgen rays. 

The wonderful tool of quantum mechanics, with the incorporation 
of the exclusion principle, has been not only essential for the detailed 
treatment of properties of isolated atoms, but also indispensable 
as regards the problem of molecular constitution. For this problem 
the study of the so-called band spectra plays as fundamental a part 
as that of series spectra for the constitution of atoms. Just as 
the latter spectra inform us about the states of binding of the 
electrons in the atoms, the analysis of band spectra tells us about 
the electron binding in the molecules, and, in addition, about the 
vibrations of the nuclei relative to each other and the states of 
rotation of the whole molecule. The gradual elucidation of this 
problem gives an interesting illustration of the general develop- 
ment of theoretical spectroscopy. The infra-red absorption bands 








372 BOHR: CHEMISTRY AND THE 


of polar molecules had already been satisfactorily accounted for 
on classical electromagnetic theory, as resulting from vibrations 
of the constituent ions relative to each other; and, in contrast to 
the case of spectra resulting from changes in the electron binding, 
this explanation needs only slight modification in the quantum theory, 
since the ionic masses are so large that vibrations involving several 
quanta may still be considered as small harmonic oscillations about 
equilibrium positions. The expectations of classical theory regard- 
ing the influence on spectra of translatory and rotatory motions 
of an atomic system as a whole were originally discussed by Rayleigh. 
While his deductions regarding the breadth of spectral lines resulting 
from the translatory thermal agitation of gas molecules are still 
valid in investigations of the masses of the emitting systems, the 
expectations regarding the influence of thermal rotation constituted 
a fundamental difficulty for the understanding of the observed 
sharpness of the lines of atomic spectra until the advent of the 
nuclear model, according to which the essential part of the mass 
of the atom does not contribute to its moment of inertia. In the 
case of molecules, however, thermal rotation is essential for the 
shape of the infra-red absorption bands, as was first recognised 
by Bjerrum in 1912. His considerations were quite independent 
of special ideas on atomic constitution, and, in accordance with 
Einstein’s quantum theory of specific heats, he made the important 
prediction that the bands under consideration should show a fine 
structure in which each component should correspond to a different 
number of rotation quanta. On the present view of the origin of 
spectral lines, this interpretation of the fine structure has to be 
modified in the sense that each component is not associated with a 
single rotation state, but originates from a transition process in- 
volving a change of rotation as well as of vibration quanta. Never- 
theless, on account of the selection rules for such transitions, deduced 
from the correspondence argument, the resulting fine structures of 
the infra-red absorption bands are of the general type predicted by 
Bjerrum and soon verified by observation. The complete analysis 
of these bands, first made possible by the refined methods of quantum 
mechanics, allows an unambiguous determination of the moments 
of inertia of the molecule in its different vibration states, and, in 
consequence, a detailed insight into the spatial configuration of 
the nuclei. In the case of the band spectra of the optical region, 
we have to do with transitions involving an essential modification 
of the electron binding, responsible for the energy exchanges occur- 
ring in chemical reactions, and the analysis of these spectra, based 
on the combination principle and the correspondence argument, 
has given us valuable information regarding such reactions. The 
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methods of quantum mechanics have been here especially helpful 
for the understanding of the homopolar bonds, as was first shown 
by Heitler and London. The chemical “ bond” thus appears as 
essentially connected with such aspects of atomic stability as do 
not allow of an unambiguous visualisation by means of space-time 
pictures. Although no quantitative results have hitherto been 
obtained in this field, the underlying ideas are, no doubt, sufficiently 
advanced to furnish, in connexion with the analysis of band spectra, 
a trustworthy basis for the discussion of the large amount of 
material regarding organic compounds, disentangled by chemists 
with such unfailing intuition. 

It is very tempting to enlarge upon this point which would be 
in itself a suitable subject for a lecture on chemistry and quantum 
theory, but this would oblige me to enter into details of a more 
technical character than the plan of the present lecture permits. 
Before proceeding to other problems, however, we shall briefly 
discuss the important conclusions which can be drawn from the 
interpretation of molecular spectra regarding the so-called quantum 
statistics in their relation to the nuclei. A starting point here was 
found by Heisenberg and Hund in the peculiar alternations in intensity 
occurring within the rotation bands of the spectra of molecules 
consisting of two identical atoms. Corresponding to the fact that 
the rotation of such symmetrical molecules, on classical theory, 
will not give rise to any radiation of the rotation frequency, but only 
to radiation of double frequency, the rotation states will, on quantum 
mechanics, split into two non-combining -sets, characterised re- 
spectively by even and uneven values of the rotation quantum 
number. As was shown by Dennison, this result receives a 
striking confirmation from Eucken’s measurements of the specific 
heat of hydrogen at low temperatures which for a long time had 
resisted all attempts at an interpretation on quantum theoretical 
statistics. Indeed, owing to the impossibility of transitions between 
the two types of rotation state of the hydrogen molecule, there will 
only be thermal equilibrium, under the conditions of these measure- 
ments, within each of the two sets of states, but not between them. 
Even at the very lowest temperatures, molecules will then be present 
in rotation states of both sets, which, in analogy with the classific- 
ation of the stationary states of the helium atom, are called ortho- 
and para-states. Only under special conditions facilitating the 
establishment of thermal equilibrium, Bonhéffer and Eucken 
have recently succeeded in bringing all molecules into the 
lowest para-state, analogous to the normal helium state. For 
the quantitative interpretation of these remarkable phenomena, 
it is necessary to assume that the protons obey the same exclusion 
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principle as the electrons, in the sense that all wave-functions of 
a hydrogen molecule are not only antisymmetrical in the space 
and spin co-ordinates of the electrons, but also in those of the 
protons, defined in an exactly analogous way. This conclusion 
is in complete agreement with the intensity variations within the 
hydrogen rotation bands, the analysis of which has given for the 
moments of inertia of the molecule values identical with those 
derived from the theory of specific heat. The study of the helium 
band spectrum, however, has disclosed a new important feature. 
In fact, it was found that the wave-functions in this case were 
symmetrical in the space co-ordinates of the two nuclei, for which 
no spin had to be taken into account. We meet here with the 
same kind of statistics as that first introduced by Bose to account 
for Planck’s law of black-body radiation on the basis of the idea 
of photons. Notwithstanding this formal similarity, the striking 
departure from classical ideas of statistics with which we have here 
to do presents, from the point of view of correspondence, an im- 
portant difference in the cases of photons and of material particles 
like helium nuclei. In the first case, this departure is connected 
with the symbolic character of the photon idea, already emphasised ; 
in fact, in the limit where the quantum of action can be neglected, 
and thus any trace of this idea disappears, the kind of statistics 
under consideration reduces to the classical treatment of elec- 
tromagnetic radiation fields. In the case of material particles 
on the other hand, which are well-defined concepts from the classical 
point of view, the new quantum statistics find no unambiguous 
application within the scope of ordinary statistical mechanics in 
which the existence of the action quantum is neglected and the 
particles are treated as individual dynamical entities. This situation 
appears also from the very circumstance that in quantum mechanics 
we have two radically different kinds of statistics, namely, besides 
the Bose-statistics, the so-called Fermi-statistics which rest on 
the exclusion principle. The essentially non-visualisable character 
of these statistics has been no hindrance, however, to their great 
fruitfulness in the most varied atomic problems. Thus, in the 
hands of Sommerfeld, the Fermi-statistics have been fundamental 
for the understanding of the electric conduction in metals and allied 
phenomena; and, as was recently shown by Mott, the Bose-statistics 
are necessary to account for the scattering of «-rays in helium. 


In this very cursory account it is impossible to give a proper 
impression of the beauty and consistency of the new quantum 
mechanics, in which nobody can take greater delight than those 
who have followed from the primitive stages the evolution of ideas 
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which I have tried to sketch in this lecture. It is true that this 
development has gradually carried us farther away from the ideals 
which inspired the ancient philosophers of the atomistic school 
and which have been so immensely fruitful for the development 
of chemical and physical science. This disillusion, however, has 
in return led us to a more comprehensive and, I venture to say, 
more open-minded view regarding natural phenomena. Indeed, 
we recognise in the existence of the quantum of action an inherent 
limitation, as regards the problem of atomic constitution, not only 
of all concepts of classical physics, but even of the ideas underlying 
our account of every-day experience. In fact, the unambiguous 
application of such fundamental concepts as space and time is 
essentially limited on account of the finite interaction between the 
object and the measuring tools, which, as a consequence of the 
existence of the elementary quantum, is involved in any measurement. 
To appreciate this point, we must remember that this interaction 
cannot be taken fully into account in the description of the pheno- 
mena, since the very definition of the space-time frame implies 
the neglect of the reaction of the object on the measuring instru- 
ments. Thus, any attempt to fix the space-time co-ordinates of 
the constituent particles of an atom would ultimately involve an 
essentially uncontrollable exchange of energy and momentum with 
the measuring rods and clocks which prevents an unambiguous 
correlation of the dynamical behaviour of the atomic particles 
before the observation with their later behaviour. Inversely, 
every application of conservation theorems, for instance to the 
energy balance in atomic reactions, involves an essential renunci- 
ation as regards the pursuance in space and time of the individual 
atomic particles. In other words, the use of the idea of stationary 
states stands in a mutually exclusive relationship to the applicability 
of space-time pictures. This situation corresponds exactly to the 
formalism of quantum mechanics, according to which the numerical 
values of two dynamical variables cannot in general be simultane- 
ously determined, the limits for their unambiguous evaluation 
being given by the peculiar reciprocal relations known as the 
indeterminacy principle of Heisenberg. This principle defines 
the latitude in the application of classical concepts, necessary for 
the comprehension of the fundamental laws of atomic stability 
which are beyond the reach of these concepts. The essential in- 
determinacy in question must therefore not be taken to imply a one- 
sided departure from the ideal of causality underlying any account of 
natural phenomena. The use of energy conservation in connexion 
with the idea of stationary states, for instance, means an upholding 
of causality particularly striking when we realise that the very 
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idea of motion, on which the classical definition of kinetic energy 
rests, has become ambiguous in the field of atomic constitution. 
As I have stressed by the argumentation mentioned, space time 
co-ordination and dynamical conservation laws may be considered 
as two complementary aspects of ordinary causality which m this 
field exclude one another to a certain extent, although neither of 
them has lost its intrinsic validity. In this sense we recognise, as 
I mentioned at the beginning of this lecture, in the very attitudes 
of physicists and chemists respectively two complementary view- 
points equally indispensable for the comprehension of the laws of 
nature. 

To appreciate the rdle of the concept of probability in atomic 
theory, it is moreover important to remember that the complete 
control over the course of events aimed at in the classical description 
of natural phenomena involves the essential assumption of a perfect 
liberty in the choice of the initial conditions. In such cases, 
however, as the oceurrence of elementary transition processes where 
we have not even the possibility of defining the initial conditions 
in the classical sense we must be satisfied to have recourse to 
probability considerations in the sense of the correspondence argu- 
ment. Notwithstanding the essentially new situation created by the 
discovery of the quantum of action, the characteristic feature with 
which we have here to do is not unfamiliar in atomic theory. A 
typical example is afforded by the statistical theory of heat, accord- 
ing to which the very concept of temperature stands in an exclusive 
relation to a detailed deseription of the behaviour of the atoms in 
the bodies concerned. It is just this point, implied in Maxwell’s 
law of velocity distribution and especially conspicuous in Gibbs’s 
treatment of statistical thermodynamics, which allows us to solve 
the apparent contradiction between the law of increase of entropy 
and the general reversibility of the individual mechanical processes 
which are involved in Boltzmann’s interpretation of entropy in 
terms of probability. In fact, thermodynamical irreversibility, 
as exhibited in the leveiling of temperatures, does not mean that a 
reversal of the course of events is impossible, but that the prediction 
of such a reversal cannot -be part of any description involving a 
knowledge of the temperatures of the various bodies. This situation 
presents a remarkable analogy with the peculiar irreversibility 
characteristic of the description of quantum mechanics. Indeed, 
the reversibility of the classical laws of motion is formally upheld 
in the quantum symbolism, but the indeterminacy in the use of 
classical coneepts defining the state of a system at a given time 
implies an essential irreversibility in the physical interpretation 
of this symbolism. In thermodynamics as well as in quantum 
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mechanics, the description contains an essential limitation imposed 
upon our control of the events which is connected with the impos- 
sibility of speaking of well-defined phenomena in the ordinary 
mechanical sense. Of course, this limitation has a quite different 
origin in the two. cases. In fact, in statistical thermodynamics, 
we have in the first place not to do with a failure of the mechanical 
concepts in accounting for the details of the events, but with the 
incompatibility of such a detailed account with a definition of 
temperature. In quantum mechanics, on the other hand, we are 
concerned with the essential incompatibility between the elementary 
laws of atomic stability and the use of the classical mechanical 
concepts on which all measurements must be interpreted. Indeed, 
as we have seen, the view-point of ‘‘ complementarity” in the 
description of atomic phenomena is forced upon, us by the exist- 
ence of the quantum of action in a similar way as the view-point 
of relativity in classical physics by the finite propagation of all elec- 
tromagnetic interactions. In this sense, quantum mechanics may 
be said to represent the next step in the development of our tools 
of an adequate description of the natural phenomena. 

The scope of the quantum mechanical symbolism is essentially 
confined, however, to problems where the intrinsic stability of the 
elementary electrical particles can be left cut of consideration in a 
similar way as in the classical electron theory... In this connexion, 
it must not be forgotten that the existence of the electron even in 
classical theory imposes an essential limitation on the applicability of 
the mechanical and electromagnetic concepts. Indeed, the finite 
propagation of electromagnetic forces brings with it the existence 
of a fundamental length, the so-called “ electron diameter,’’ defining 
a lower limit for the extension of the region where the idealisation 
according to which the electron is considered as a.charged material 
point is justifiable. Not only would a concentration of the charge of 
the electron within a smaller space result in an essential modification 
of its mass, but we even meet here witha limitation of the unambiguous 
use of the idea of inertial mass. In fact, we lose any simple basis 
for a sharp separation between ponderomotoric forces and radiative 
reactions when we consider processes in which the electron undergoes 
a velocity change of the same order as the velocity of light within a 
length of path equal to the electron diameter. It is true that such 
considerations lose their significance to a large extent on account of 
the existence of the quantum of action which imposes an essential 
limit to the analysis of motion. The fertility of quantum mechanics 
as applied to the problem of atomic stability lies just in the fact 
that the linear dimensions of the regions ascribed to even the firmest 
a outside the nucleus are still very large compared 
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with the classical electron diameter. At the same time the theory 
of Dirac, already referred to, which represents a most important step 
towards the adaptation of the symbolism to the point of view of 
relativistic invariance, has disclosed new aspects of the fundamental 
difficulties involved in the reconciliation of the intrinsic stability of the 
electron with the existence of the quantum of action. In fact, Dirac’s 
formalism implies the possibility of transition processes from states 
corresponding to normal properties of the electron to so-called 
states of negative energy for which the sign of its mass—charge ratio 
is reversed, the energy changes involved exceeding the critical value 
which, from Einstein’s well-known relation, corresponds to the inertial 
mass of the electron. Transitions of this type should, on the theory, 
occur so frequently that even hydrogen atoms would be instant- 
aneously destroyed with emission of radiation of very high frequency. 
Dirac himself has made an interesting attempt to overcome these 
difficulties by an extension of the formalism which permits exclusion 
of the unwanted transition processes by assuming that all states 
of negative energy are ordinarily filled up in a similar way as the 
completed electron groups in atomic structures. Such considerations, 
however, would seem to trespass the limit of applicability of the 
correspondence argument, and the difficulties inherent in any 
symbolism resting on the idealisation of the electron as a charged 
material point appear also most instructively in the recent attempt of 
Heisenberg and Pauli to build up a theory of electromagnetic fields 
on the lines of quantum mechanics. Their formalism leads, in fact, 
to consequences inconsistent with the finite mass of the electron 
and the small coupling between atoms and electromagnetic radiation 
fields, on which rests the interpretation of the empirical evidence 
regarding spectra, based on the idea of stationary states. Under 
these circumstances, we are strongly reminded that the whole attack 
on atomic problems leaning on the correspondence argument is an 
essentially approximative procedure, made possible only by the small- 
ness of the ratio between the square of the elementary unit of electric 
charge and the product of the velocity of light and the quantum of 
action which allow us to a large extent to avoid the difficulties of 
relativistic quantum mechanics in considering the behaviour of 
extra-nuclear electrons. Like the ratio between the masses of the 
electron and of the proton, this is a non-dimensional constant 
fundamental for our whole picture of atomic phenomena, the 
theoretical derivation of which has been the object of much interest- 
ing speculation. Although we must expect that the determination 
of these constants will be an integral part of a general consistent 
theory in which the existence of the elementary electric particles and 
the existence of the quantum of action are both naturally incor- 
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porated, these problems would appear to be out of reach of the 
present formulation of quantum theory in which the complete 
independence of these two fundamental aspects of atomicity is an 
essential assumption. 





This situation must above all be kept in mind when we turn to 
the problem of the constitution of atomic nuclei. The empirical 
evidence regarding the charges and the masses of these nuclei, as 
well as the evidence concerning the spontaneous and the excited 
nuclear disintegrations, leads, as we have seen, to the assumption that 
all nuclei are built up of protons and electrons. Still, as soon as 
we inquire more closely into the constitution of even the simplest 
nuclei, the present formulation of quantum mechanics fails essentially. 
For instance, it is quite unable to explain why four protons and 
two electrons hold together to form a stable helium nucleus. 
Evidently we are here entirely beyond the scope of any formalism 
based on the assumption of point electrons, as it also appears from 
the fact that the size of the helium nucleus, as deduced from the 
scattering of «-rays in helium, is of the same order of magnitude 
as the classical electron diameter. Just this circumstance suggests 
that the stability of the helium nucleus is inseparably connected 
with the limitation imposed on classical electrodynamics by the 
existence and the stability of the electron itself. This means, 
however, that no direct attack on this problem, based on the 
usual correspondence argument, is possible as far as the behaviour 
of the intra-nuclear electrons is concerned. As regards the be- 
haviour of the protons, the situation is essentially different, since 
their comparatively large mass permits of an unambiguous use 
of the idea of space co-ordination even within nuclear dimensions. 
Of course, in absence of a general consistent theory accounting for 
the stability of the electron, we cannot make any direct estimate of 
the forces which hold the protons in the helium nucleus, but it is 
interesting to note that the energy liberated by the formation of the 
nucleus, as calculated from the so-called mass-defect by means of 
Einstein’s relation, is in approximate agreement with the binding 
energy of the protons to be expected on quantum mechanics from 
the known nuclear dimensions. Indeed, this agreement indicates that 
the value of the ratio of the masses of the electron and the proton 
plays a fundamental part in the question of the stability of atomic 
nuclei. In this respect, the problem of nuclear constitution exhibits 
a characteristic difference from that of the constitution of the extra- 
nuclear electron configuration, since the stability of this configuration 
is essentially independent of the mass-ratio. When we pass from 
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the helium nucleus to heavier nuclei, the problem of nuclear 
constitution is, of course, still more complicated, although a certain 
simplification is afforded by the circumstance that the «-particles 
can be considered to a large extent to enter as separate entities 
into the constitution of these nuclei. This is not only suggested 
by the genera] facts of radioactivity, but appears also from the 
smallness of the additional mass defect, expressed by Aston’s whole- 
number rule for the atomic weights of isotopes. 

The main source of knowledge regarding the constitution of atomic 
nuclei is the study of their disintegrations, but important inform- 
ation is also derived from ordinary spectral analysis. As was 
mentioned, the hyperfine structures of spectral lines allow us to draw 
conclusions concerning the magnetic moments and angular momenta 
of the atomic nuclei, and from the intensity variations in band 
spectra we deduce the statistics obeyed by the nuclei. As might be 
expected, the interpretation of these results falls largely outside the 
scope of present quantum mechanics, and, in particular, the idea 
of spin is found not to be applicable to intra-nuclear electrons, as was 
first emphasised by Kronig. This situation appears especially clearly 
from the evidence concerning nuclear statistics. It is true that the 
fact, already mentioned, that the helium nuclei obey the Bose 
statistics is just what was to be expected from quantum mechanics 
for a system composed of an even number of particles which, like 
the electrons and protons, satisfy Pauli’s exclusion principle. But 
the next nucleus for which data concerning statistics are available, 
namely the nitrogen nucleus, obeys also the Bose statistics, although 
it is composed of an uneven number of particles, namely 14 protons 
and 7 electrons, and thus should obey the Fermi statistics. Indeed, 
the general experimental evidence concerning this point seems to 
follow the rule that nuclei containing an even number of protons obey 
the Bose statistics, while nuclei containing an uneven number of 
protons obey the Fermi statistics. On the one hand, this remarkable 
‘passivity ’’ of the intra-nuclear electrons in the determination of the 
statistics is a very direct indication, indeed, of the essential limitation 
of the idea of separate dynamical entities when applied to electrons. 
Strictly speaking, we are not even justified in saying that a nucleus 
contains a definite number of electrons, but only that its negative 
electrification is equal to a whole number of elementary units, and, 
in this sense, the expulsion of a $-ray from a nucleus may be regarded 
as the creation of an electron as a mechanical entity. On the other 
hand, the rule just mentioned regarding nuclear statistics may be 
considered, from this point of view, as a support for the essential 
validity of a quantum mechanical treatment of the behaviour of 
the «-particles and protons in the nuclei. Actually, such a treatment 
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has also been very fruitful in accounting for their part in spontaneous 
and controlled nuclear disintegrations. 

In the ten years that have elapsed since Rutherford’s fundamental 
discoveries, a large amount of most valuable material on this 
subject has been accumulated, owing, above all, to the great explor- 
ation work in the new field carried on in the Cavendish Laboratory 
under his guidance. Now, from the theoretical standpoint, it is one 
of the most interesting results of the recent development of atomic 
theory that the use of probability considerations in the formulation 
of the fundamental disintegration law, which for its time was a quite 
isolated and very bold hypothesis, has been found to fall entirely in 
line with the general ideas of quantum mechanics. Already at the 
more primitive stage of the quantum theory, this point was touched 
upon by Einstein in connexion with his formulation of the probability 
laws of elementary radiation processes, and was further stressed by 
Rosseland in his fruitful work on inverse collisions. It is the wave- 
mechanical symbolism, however, which first offered the basis for a 
detailed interpretation of radio-active disintegrations, in complete 
conformity with Rutherford’s deduction of nuclear dimensions from 
the scattering of «-rays. As was pointed out by Condon and 
Gurney, and independently by Gamow, the wave-formalism leads, 
in connexion with a simple model of the nucleus, to an instructive 
explanation of the law of «-ray disintegration as well as of the peculiar 
relationship, known as the rule of Geiger and Nuttall, between the 
mean life-time of the parent element and the energy of the «-ray 
expelled. Gamow, especially, succeeded in extending the quantum 
mechanical treatment of nuclear problems to a general qualitative 
account of the relationship between «- and y-ray-spectra, in which 
the ideas of stationary states and elementary transition processes 
play the same part as in the case of ordinary atomic reactions and 
the emission of optical spectra. In these considerations, the «- 
particles in the nuclei are treated similarly to the extra-nuclear 
electrons in the atoms, with the characteristic difference, however, 
that the «-particles obey the Bose statistics and are kept within the 
nucleus by their owninteraction, while theelectrons, obeying the Fermi 
statistics, are held in the atom by the attraction of the nucleus. This 
is, among other causes, responsible for the smallness of the rate of 
energy emission, as y-radiation, from excited nuclei which is even 
comparable with the rate of mechanical energy exchange between 
such nuclei and the surrounding electron clusters, the so-called 
internal conversion. In fact, in contrast to an atom built up of 
separate positive and negative particles, a nucleus-like system 
composed only of «-particles will never possess an electric moment, 
and, in this respect the additional protons and negative electrific- 
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ation of actual nuclei can hardly be expected to make much difference. 
Apart from such simple applications of the correspondence argu- 
ment, our ignorance of the forces acting on the «-particles and 
protons in the nuclei, which must be assumed to depend essentially 
on the negative electrification, prevents at present theoretical 
predictions of a more quantitative character. A promising means 
of exploring these forces is afforded, however, by the study of con- 
trolled disintegrations and allied phenomena. As far as the be- 
haviour of «-particles and protons is concerned, it may therefore be 
possible to build up gradually, by means of quantum mechanics, a 
detailed theory of nuclear constitution, from which in turn we may 
get further information about the new aspects of atomic theory 
presented by the problem of negative nuclear electrification. 

As regards this last question, much theoretical interest has recently 
been aroused by the peculiar features exhibited by the {-ray 
expulsions. On the one hand, the parent elements have a definite 
rate of decay, expressed by a simple probability law, just as in the 
case of the «a-ray disintegrations. On the other hand, the energy 
liberated in a single $-ray disintegration is found to vary within a 
wide continuous range, whereas the energy emitted in an «-ray 
disintegration, when due account is taken of the accompanying 
electromagnetic radiation and the mechanical energy conversion, 
appears to be the same for all atoms of the same element. Unless 
the expulsion of $-rays from atomic nuclei, contrary to expectation, 
is not a spontaneous process but caused by some external agency, the 
application of the principle of energy conservation to $-ray disintegra- 
tions would accordingly imply that the atoms of any given radio- 
element would have different energy contents. Although the corre- 
sponding variations in mass would be far too small to be detected by 
the present experimental methods, such definite energy differences 
between the individual atoms would be very difficult to reconcile 
with other atomic properties. In the first place, we find no analogy 
to such variations in the domain of non-radioactive elements. In 
fact, as far as the investigations of nuclear statistics go, the nuclei 
of any type, which have the same charge and, within the limits of 
experimental accuracy, the same mass, are found to obey definite 
statistics in the quantum mechanical sense, meaning that such nuclei 
are not to be regarded as approximately equal, but as essentially 
identical. This conclusion is the more important for our argument, 
because, in absence of any theory of the intra-nuclear electrons, the 
identity under consideration is in no way a consequence of quantum 
mechanics, like the identity of the extra-nuclear electronic con- 
figurations of all atoms of an element in a given stationary state, but 
represents a new fundamental feature of atomic stability. Secondly, 
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no evidence of an energy variation of the kind in question can be 
found in the study of the stationary states of the radioactive nuclei 
involved in the emission of «- and y-rays from members of a radio- 
active family preceding or following a 8-ray product. Finally, the 
definite rate of decay, which is a common feature of «- and §-ray 
disintegrations, points, even for a $-ray product, to an essential 
similarity of all the parent atoms, in spite of the variation of the 
energy liberated by the expulsion of the 8-ray. In absence of a 
general consistent theory embracing the relationship between the 
intrinsic stability of electrons and protons and the existence of the 
elementary quanta of electricity and action, it is very difficult to 
arrive at a definite conclusion in this matter. At the present stage 
of atomic theory, however, we may say that we have no argument, 
either empirical or theoretical, for upholding the energy principle 
in the case of $-ray disintegrations, and are even led to complic- 
ations and difficulties in trying to doso. Of course, a radical depar- 
ture from this principle would imply strange consequences, in case 
such a process could be reversed. Indeed, if, in a collision process, an 
electron could attach itself to a nucleus with loss of its mechanical 
individuality, and subsequently be recreated as a $-ray, we should 
find that the energy of this $-ray would generally differ from that 
of the original electron. Still, just as the account of those aspects 
of atomic constitution essential for the explanation of the ordinary 
physical and chemical properties of matter implies a renunciation of 
the classical ideal of causality, the features of atomic stability, still 
deeper-lying, responsible for the existence and the properties of 
atomic nuclei, may force us to renounce the very idea of energy 
balance. I shall not enter further into such speculations and their 
possible bearing on the much debated question of the source of stellar 
energy. I have touched upon them here mainly to emphasise that in 
atomic theory, notwithstanding all the recent progress, we must 
still be prepared for new surprises. 





In judging the present situation of atomic theory, it is essential 
to recognise that the whole classical description of natural 
phenomena depends on the intrinsic stability of ordinary material 
bodies, and that therefore we must not be too much surprised 
when in that part of science where this stability itself is the 
object of investigation we shall meet with new aspects of natural 
philosophy. In striving with the unsolved difficulties involved 
in this situation, we are above all encouraged by the example 
of men like Faraday who in their wandering on untrodden paths 
knew how to find reliable guidance to the disclosure of Nature’s secrets 
in Nature herself. The unfamiliar character of the views to which 





een RE 


| 


a 


QS 











384 RAY AND CHATTERJI: THE TERNARY SYSTEM 


such endeavours lead will naturally often appear mysterious, 
but, as Helmholtz so forcefully emphasised, just Faraday’s general 
scientific method allowed him more than anybody else to contribute 
to the great aim “to purify science from the last remnants of 
metaphysics.” In concluding this lecture, I may be allowed to 
express the hope that modern endeavours in atomic theory have 
not in this respect betrayed the great example which Faraday has 
set us, and that the new aspects of natural philosophy, which tend 
to harmonise the knowledge collected by chemists and physicists 
in their respective fields, far from involving any mysticism foreign 
to the spirit of science will be found to have contributed to the 
great common aim. 





47. The Ternary System Potassium Per- 
manganate—Potassium Fluoborate-W ater. 


By Rames CHANDRA Ray and Katt KisHorE CHATTERJI. 


Tue formation of a double salt between potassium fluoborate and 
potassium chlorate has been described by Zambonini (Z. Kryst., 
1905, 41, 60) and Barker (J., 1912, 101, 2484), but some doubt 
appears to exist whether potassium fluoborate forms a double salt 
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with potassium permanganate also. Zambonini (Aiti R. Accad. 
Lincei, 1922, 34, 67) has stated that there is a slight miscibility, up 
to 0-4% of potassium permanganate, with potassium fluoborate, 
but on the permanganate side the miscibility is practically zero. 
It was found, however, that when crystals of potassium fluoborate 
are suspended in a saturated solution of potassium permanganate, 
overgrowth crystals are formed. A phase-rule study of the system 
was therefore undertaken in order to determine whether double 
salts or only mixed crystals (solid solutions) of limited composition 
are formed. 

Pure samples of potassium fluoborate and potassium permangan- 
ate were obtained by recrystallisation, and mixtures of the two salts 
and water were made in various proportions in the usual manner. 
Equilibrium was obtained in 2 days in a thermostat at 25° + 0-1°. 
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The composition of the solid phase was determined by the method of 
Schreinemakers (Z. physikal. Chem., 1893, 14, 81), as shown by the 
relevant corner of the triangular diagram in Fig. 1. 

The permanganate in the solid and solution was estimated by 
titration against standard oxalic acid after suitable dilution of 
weighed portions, and the fluoborate by difference between this 
result and that obtained by evaporation to dryness of suitable 
portions. The total potassium was estimated as sulphate as a 
check. The results of analysis are given in Table I. 

A double salt of the composition KBF,,6KMn0O,, containing 
approximately 12% of fluoborate and 88% of permanganate, occurs 
as a solid phase between the 
limits 6-03—2-07 % of potassium 
permanganate. Its saturation 
curve is concave towards the 
water vertex. 

The double salt was prepared 
by crystallising a solution of 
1 part of potassium fluoborate 
with 7-6 parts of potassium 
permanganate (Found: KMnQ,, 
88:27. KBF,,6KMn0, requires 
KMn0O,, 88:3%). Its crystals 
(see Fig. 2) are transparent and 
pink. They consist of eight- 
sided tablets, belong to the 
rhombic system (orthorhombic 
bipyramidal), and have axial 
ratios a:b: c = 1-68:1:1-23, which agree fairly well with those 
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TABLE I. 
System KBF,-KMn0O,-H,0 at 25°. 
Percentages, by weight. 











Point ma ~— 
on Solutions. Wet solids. 
Fig.l. KBF, KMnO, KBF, KMn0O,, Solid phase, 
A — 6-90 — — 
0-28 6-76 8-28 89-14 +} KMnO, 
0-33 6°32 11-18 85-45 
B 0-22 6-03 12-22 84:85 KMn0O,; KBF,,6KMn0O, 
0:37 5-42 11-48 85-18 
0-48 4-78 11-71 84-55 
0-50. 4-08 11-12 84-45 | KBF.,6KMnO, 
0-41 3-19 8-20 87-80 
Cc 0-22 2-07 16°25 81-87 KBF,; KBF,6KMn0O, 
0-46 1-58 76°34 18-89 
0-54 1-12 88-72 8-93 }KBF, 
D 0-57 -= — — 
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measured for potassium fluoborate by Montemartini (Gazzetta, 1894, 
24, i, 478). The angle a is approximately 54°, and 6 is approxim- 
ately 36°. 

Summary. 

The system KBF,-KMnO,-H,0 has been studied at 25°. The 
anhydrous double salt, KBF,,6KMn0O,, has been isolated. It forms 
pink, tabular crystals somewhat of the same form as potassium 
fluoborate. 


ScIENCE COLLEGE, Patna, InpDIA. [Received, September 21st, 1931.] 





48. The Oxidation of Caoutchouc, Gutta-percha, and 
Balata with Hydrogen Peroxide. 


By Jonn A. Marr and Joun Topp. 


Tue behaviour of caoutchouc towards hydrogen peroxide was 
studied first by Boswell, McLaughlin, and Parker (Trans. Roy. 
Soc. Can., 1922, 16, 27) and more recently by Robertson and Mair 
(J. Soc. Chem. Ind., 1927, 46, 411). 

The earlier workers, using a solution of caoutchouc in carbon 
tetrachloride, isolated a compound C,),H,,0 which they found to 
absorb atmospheric oxygen and yield another compound C,;H,4,03. 
The later workers adopted a modification of the usual method of 
hydrogen peroxide oxidation of terpene hydrocarbons and employed 
a chloroform solution of caoutchouc, to which glacial acetic acid 
was added. They obtained a product, alcoholic in character, of 
the empirical formula C,H 5,0,,. The present work was com- 
menced with the object of extending the latter work to include 
gutta-percha and balata. Certain changes were introduced and 
new avenues of investigation opened up, and it was thought desir- 
able to extend the scope of the work to include caoutchouc so that 
each of the three substances caoutchouc, gutta-percha, and balata 
and corresponding derivatives of them might be submitted to as 
nearly as possible identical reaction conditions. 

Since all the products were non-crystalline solids which decom- 
posed on distillation, even under reduced pressure, it was almost 
impossible to obtain a complete separation from resinous materials 
once these were formed. Therefore, every effort was made to 
reduce to a minimum the risk of the formation of such undesirable 
by-products. Polymerisation took place very readily, even when 
solutions of the products were warmed to temperatures above 50°, 
and all operations were carried out at temperatures not exceeding 
40° to avoid this difficulty. There was little difference in the 
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behaviour of the various products towards solvents and this 
increased the difficulty of their purification. 

The main results of the work have been embodied in the accom- 
panying diagram. In order to obtain a general idea of the relation- 
ship existing throughout the \whole series the empirical formulze 
which are suggested for the various products have been reduced 
to a common unit, C59, the lowest one consistent with the analyses 
of the semicarbazones and acid salts to be described later. The 
discrepancies noticeable in some cases between actual and calculated 
analyses are only to be expected, because no criterion is available 
to guarantee the absolute purity of any of the products. 


Caoutchouc Gutta-p2rcha Balata 
H,O, i H,0, 
CspH 2016 CspH gg0o4 CspH gg0 op 
Alcohol CI Alcohol GI Alcohol BI 
(CH,*CO),0 (CH,*CO),0 (CH,*CO),0 
CsgH.014 CegHy20o6 CegH yg o4 
Acetate CI Acetate GI Acetate BI 
H,0 H,0, H,0, 
C5 gH 76030 CegH gg CegH gz 
Acetate CII Acetate GIT Acetate BIT 
Ba(OH), Ba(OH), Ba(OH), 
C59H gO 2g C5pH ggOog ; CspH 6008 
Alcohol CII Alcohol GII Aleohol BIT 
Caoutchouc. 


Caoutchouc, in chloroform solution to which glacial acetic acid 
had been added, was oxidised with 100 vol. hydrogen peroxide and 
yielded a colourless amorphous compound, alcoholic in character, 
approximating, after reduction to a Cz) basis, to Cs9H9.0,,. It 
was still unsaturated to bromine and to dilute alkaline perman- 
ganate, did not possess acidic or reducing properties, and was 
thought to be an alcohol corresponding to the usual products of 
hydrogen peroxide oxidation in the terpene series. Estimation 
by the method of Tschugaev and Zerewitinov (Ber., 1902, 35, 
3912; 1907, 40, 2023) indicated that all the oxygen was present 
as hydroxyl. The compound was therefore C;,H,.(OH),, and was 
probably produced from caoutchouc by simple addition of hydroxyl 
groups to the unsaturated linkages of the parent molecule. Accurate 
determination of its molecular weight by the cryoscopic method 
was impossible and values obtained by the Rast method, using 
camphor or menthol as solvent, varied considerably and were of 
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no use in fixing the actual molecular weight : camphor gave values 
in the neighbourhood of 1000, and with menthol as solvent values 
from 600—1000, varying with concentration, were obtained. 

The unsaturation as determined by measuring the absorption of 
bromine by the method of Gladstone and Hibbert (J., 1888, 53, 
679) was greater than that required for a compound of the type 
C,H. Possibly this was due to some oxidising action of the 
bromine. No characteristic derivative of this aleohol could be 
obtained, owing to the impossibility of separating the main product 
in each case from resinous by-products. 

By oxidation of alcohol CI with chromic acid, a substance, 
aldehyde CI, was obtained having pronounced aldehydic properties. 
The semicarbazone obtained from it gave the analytical values 
required for the formula C;5H,,0.(CN,H,),— indicating the preseace 
in the aldehyde of two CHO groups per C,, and, consequently, the 
presence, in alcohol CI, of two CH,*OH groups per C;. 

Further oxidation of aldehyde CI by means of dilute nitric acid 
yielded an acid, the silver salt of which had a silver content of 
17-78% in fair agreement with’ the calculated silver content for 
CygHgg0,4(CO,Ag),, namely, 18-15%. 

From these facts the formula for alcohol CI on the C;) basis would 
be CygH7o(OH) ,4(CH,°OH),. 

Alcohol CI was treated with acetic anhydride in the presence 
of anhydrous sodium acetate, and it was found that the product 
did not give analytical results in agreement with those calculated 
for the acetate of alcohol CI. This new product, acetate CI, was 
hydrolysed with baryta to alcohol CIA, which, in turn, was oxidised 
with chromic acid to aldehyde CII; the last-mentioned product, on 
further oxidation with atmospheric oxygen, yielded acid CII. The 
lead salt of acid CII contained 18-9°% of lead and indicated that, 
if the salt were normal, the acid would be dibasic and of molecular 
weight 890. It is on this evidence that the C,;, basis for the series 
was chosen. 

Alcohol CIA, mentioned above, possessed four hydroxyl groups 
per CoH 9049 and, since it yielded a dialdehyde (CII), two of these 
must have been present as primary alcoholic groups, giving 
C,gH;,0,(OH),(CH,"OH),. Aldehyde CII would then be 

CgH7o0¢(OH)q(CHO),, 
yielding the semicarbazone C,9H7,049(CNgHg)2, and acid CII would 
be C,,H,,0,(CO,H),, giving the lead salt C,,H,40,(CO,).Pb. 

Since alcohol CIA, C,,H,,0,(OH),, was derived, by hydrolysis, 
from acetate CI, the latter compound must have been 

C59H7,.04(0°CO-CHs),. 
Now, acetate CI was derived from alcohol CI, C;9H (OH) ¢, so. it 
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would appear that, under the influence of the acetic anhydride, 
loss of the elements of water had accompanied acetylation of several 
of the hydroxyl groups. 

Acetate CI was still unsaturated and, on further treatment with 
100 vol. hydrogen peroxide, yielded acetate CII, C;gH7,03., con- 
taining free hydroxyl groups in addition to the acetoxy-groups of 
the original acetate. Alcohol CII, C;5H;,0;,(OH);., was produced 
by the action of aqueous baryta on acetate CII, which was then 
assigned the formula C,9H;g0;¢(O0H),(O°-CO-CH,),. Acetate CII 
and alcohol CII were both saturated to bromine and therefore 
represent the final stage of the oxidation process. 

The following table summarises the preceding observations : 


CsoH76(0H) 1g —> CygHgg014(CHO), 


Bi of Alcohol CI Aldehyde CI 


C;9H,,0,(0°CO-CH;,), C4gHgg0,4(CO,H), 


Acetate CI aT Acid CI 


CsqH5¢01¢(OH)g(O-CO-CH3), CoH ;g0.(OH), —> CygH,40,(CHO), 


Acetate CII Alcohol CIA Aldehyde CII 
C59H5¢01¢(OH) 12 CygH,,0,(CO,H), 
Alcohol CII Acid CII 


It is suggested that the changes recorded above have been 
brought about by the addition of hydroxyl groups to double bonds 
under the influence of hydrogen peroxide, and subsequent removal 
of the elements of water through the action of acetic anhydride. 
There is no evidence of extensive degradation of the hydrocarbon 
molecule involving loss of carbon, the proportion of acidic products 
formed during the oxidations being very small. In this respect 
the action of hydrogen peroxide on caoutchouc differs materially 
from that of neutral or alkaline potassium permanganate. In the 
latter case there is evidence of extensive degradation, as shown by 
the formation of substantial amounts of levulic and oxalic acids. 
In addition, the proportion of carbon liberated as carbon dioxide 
corresponds approximately to the oxidation of only 0-5% of the 
total carbon of the hydrocarbon. 

No attempt has been made to distinguish between the cyclic 
and open-chain formule in interpreting the experimental results. 
The C,H,, form has been used throughout, since, on the whole, it 
agrees best with the values obtained for the unsaturation of the 
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various products. The C,;. basis on which the empirical formule 
have been calculated represents the minimum unit within which all 
the oxidation products can be included, and permits of their 
arrangement according to a definite scheme. It is of course obvious 
that a great number of alternative empirical formule could be 
assigned to any one product in dealing with such large molecular 


weights. 
Taking the accepted unit of the caoutchouc molecule, oxidation 


with hydrogen peroxide might be expected to yield a glycol as 
follows : 


H ‘| 

CH, |» Sse Minicom ean’ 
ger ~CH,-C—CH-CH,- | 
CH,-C=CH-CH, ened tart 


Removal of the elements of water might take place in several 
ways. If two adjacent hydroxyl groups were involved, the result 
would be an outside ether ring, whereas, if two hydroxyls on 
opposite sides of the molecule were concerned, an inner ether ring 
would be formed. Finally, elimination of water between a hydroxyl 
group and the hydrogen of an adjacent methylene group would 
give rise to a new double bond. Since the observed loss of water 
does not lead to an increase in unsaturation, as would occur in this 
case, the double linkages thus formed must rearrange to give a 
ring system inside the molecule. Oxide formation seems most 
probable, since the methylene groups are themselves apparently 
involved in a further oxidation. 

Between acetate CI and acetate CII there is a considerable 
replacement of hydrogen by oxygen. This is evident from a 
consideration of the corresponding alcohols. 

Alcohol CIA has the empirical formula C;)H,,0,(OH), and has 
an unsaturation equal to four double bonds. Addition of hydrogen 
peroxide (to its acetyl derivative), should give a saturated alcohol 
C;9H,,0,(OH),,. and this should be identical with alcohol CII, the 
end product of the oxidation series. Alcohol CII, however, has the 
empirical formula C;,H;,0,,(0H),.. There has therefore been 
replacement of hydrogen by oxygen to the extent of twenty atoms, 
and in this reaction the methylene groups must be involved. 


Gutta-percha. 


Gutta-percha was treated in a manner similar to that described 
for caoutchouc and under as nearly as possible identical reaction 
conditions. The results are incorporated in the following table, 
in which all the formule have been reduced to the same basis as 
that adopted for caoutchouc, namely, Cz». 
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C5pH gg04(OH) og —> CygHg.0,.(CHO), 


seat Alcohol GI Aldehyde GI 
“ | 


C59H ¢g019(O°CO-CH3), CygHg.02.(CO,H), 
Acetate GI Acid GI 


CspH 560 1¢(OH)4(O-CO*CHy)g CsgHgg019(OH)g —> CygH7901¢(CHO), 


Acetate GIT Alcohol GIA Aldehyde GII 
C59H5¢016(OH) 12 CygH790,,(CO,H), 
Alcohol GIT Acid GIT 


The products were very similar to those obtained from caoutchouc. 
They also seem to have been produced by a series of reactions 
involving the addition of hydroxyl groups, followed by the removal 
of the elements of water. The gutta-percha hydrocarbon, however, 
seems to be more readily attacked by hydrogen peroxide than is 
caoutchouc, the larger proportion of oxygen in the primary product, 
alcohol GI, being probably due to this. It would also appear 
that the replacement of hydrogen by oxygen, already noted 
in the case of caoutchouc, has occurred in the first stage of the 
gutta-percha oxidation, since the alcohol formed by addition of 
hydroxyl to the hydrocarbon, and corresponding in unsaturation 
to alcohol GI, should be C;9Hgo(OH),, instead of C;9H,,0,(OH) oo. 


Balata. 

A similar series of reactions was carried out on balata, and a 
similar series of products isolated. Each of the balata products 
seemed to bear a closer relationship to the corresponding gutta- 
percha products than to those from caoutchouc. _ Again alcohol BI 
gave an analysis indicating an initial replacement of hydrogen by 
oxygen as in alcohol GI. The results are summarised below. 


CsoH720,(OH) 14 —> CygHs2014(CHO), 


patties Alcohol BI Aldehyde BI 
kK | 


C59H,.0,(0°CO-CH;), CygH 20 1(CO,H), 


Acetate BI ie Acid BI 
| r 


C59H560¢(OH),(O°CO-CHy), CoH .0,(OH), —> CygH40.4(CHO), 
Acetate BIT Alcohol BIA Aldehyde BIT 


C59H;¢01¢(OH) 12 C43H740,,(CO,H), 
Alcohol BII Acid BII 
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It will be seen that the end product, alcohol II, in each of the 
three series has been assigned the same empirical formula, the 
analytical results being sufficiently in agreement to justify this 
conclusion. In the absence of other data it cannot ‘be said that 
these alcohols are identical, but a close similarity in structure seems 
probable. 

The preceding results show that it is possible to obtain an oxid- 
ation series of corresponding terms for the three hydrocarbons 
caoutchouc, gutta-percha, and balata. The physical properties of 
the products indicate that the oxidation is accompanied by more 
or less extensive depolymerisation. 

Caoutchouc, gutta-percha, and balata may be regarded as con- 
densation products of isoprene, an undetermined number of isoprene 
molecules condensing to give a cyclic or open-chain hydrocarbon 
with approximately one half of the initial unsaturation of the 
isoprene molecules involved. Further aggregation of the con- 
densed isoprene molecules takes place through partial valences to 
give the caoutchouc, gutta-percha, or balata complex. These 
complexes can be partly broken down by suitable solvents, pre- 
sumably as a result of solvation. On this basis the treatment of 
caoutchouc, etc., with oxidising agents should cause depolymeris- 
ation by saturation of the available double bonds, with consequent 
disappearance of the secondary valencies. Should the complex 
aggregate be of different dimensions in the three hydrocarbons, 
oxidation would be expected to give different intermediate products 
owing to the varying number of partial valencies involved in each 
case. The preceding results seem to justify this view, the close 
resemblance between the final oxidation products being probably 
due to complete saturation of the double bonds of the fundamental 
unit produced by the initial isoprene condensation. This view of 
the mechanism of oxidation is borne out by the observation that 
the process must be carried out in stages, it being found impossible 
to secure complete saturation of the hydrocarbons by a single 
oxidation process. It should be noted, as regards the intermediate 
oxidation products, that although the end-point of the first stage of 
oxidation of the hydrocarbons was an arbitrary one, it was reached 
in each case by an identical procedure and provides a reasonable 
basis for comparison. 

If the suggestion put forward that the later stages of oxidation 
involve not only addition of hydroxyl to the double bonds of 
| stant Gates pean but also oxidation of the methylene 
groups, is correct, the direct addition of hydroxyl to caoutchouc 
in the first stage of the oxidation, without replacement of hydrogen 
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by oxygen as occurs in BI and GI, andthe occurrence of the latter 
action in the second stage of the caoutchouc oxidation, would 


- indicate that the reaction has further to go with eaoutchouc to 


reach the point of saturation represented by the fully oxidised 
fundamental unit. The molecular complexity of the caoutchouc 
hydrocarbon is therefore apparently greater than that of the gutta- 
percha or balata hydrocarbon, the last two being of a similar order 
of complexity. 

From the experimental results it appears that the minimum 
complex unit of all three hydrocarbons contains ten isoprene 
residues, or some multiple of this number. From the general 
behaviour of the oxidation products, themselves undoubtedly of 
high molecular weight, it seems probable that. the minimum complex 
unit of the hydrocarbons contains substantially more than ten 
isoprene residues. 

The proportion of carbon dioxide evolved during the first stage 
of the oxidations varies with the hydrocarbon concerned, being 
least with caoutchouc and greatest with balata. Assuming that its 
formation in each ease is the result of a similar reaction, the minimum 
complex unit of caoutchouc is the largest, consisting of at least 
forty isoprene residues. This supports the conclusion, drawn from 
the results in the oxidation series, as to the relative complexity of 
the three hydrocarbons. 


EXPERIMENTAL. 


Purification of Raw Materials —The caoutchoue, prepared from 
crépe which was in the form of thin sheets of a pale yellow colour, 
was purified by Harries’ standard method, consisting in extraction 
with acetone in a Soxhlet apparatus, followed by dissolution of the 
hydrocarbon in benzene, and reprecipitation of the caoutchouc 
from the filtered solution by means of alcohol. 

The gutta-percha and balata hydrocarbons were purified by a 
different method. To 20—25 g. of the crude shredded material 
were added 400—500 c.c. of boiling petroleum (b. p. 60—80°) and 
the mixture was kept at 40° until the insoluble material had settled. 
On cooling, the hydrocarbon settled out from the solution and was 
separated easily from the residue, insoluble in hot or cold petroleum, 
and from the resins, soluble even in the cold solvent. The pre- 
cipitated hydrocarbon was submitted to several similar treatments, 
fresh petroleum being used each time and kaolin added, when 
necessary, to facilitate settling of the suspended matter. The final 
products were colourless solids of a leather-like consistency, trans- 
parent in hot alcohol, and readily oxidised on exposure to the air, 
becoming brown and friable. 
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Action of 100-Vol. Hydrogen Peroxide on the Hydrocarbons.—The 
method adopted for the oxidation was that used by Robertson and 
Mair (J. Soc. Chem. Ind., 1927, 46, 417), a solution of the hydro- - 
carbon in chloroform and glacial acetic acid being treated with 
100-vol. hydrogen peroxide. In the earlier oxidations the pro- 
portions of reagents employed by the earlier workers were used, but 
products which varied a good deal on analysis were obtained. 

The final reaction mixture was: 25 g. of the hydrocarbon, 
350 c.c. of chloroform, 250 c.c. of glacial acetic acid, and-55 c.c. of 
100-vol. hydrogen peroxide. The hydrocarbon was dissolved in 
the chloroform, and the hydrogen peroxide added with shaking. 
Precipitation of part of the hydrocarbon occurred. The mixture 
was kept at 40° until homogeneous. The products were extracted 
with chloroform, the combined extracts washed with dilute sodium 
carbonate solution and water and dried over anhydrous sodium 
st"phate, and the chloroform removed under reduced pressure 
below 40°. The residue, a pale yellow glassy solid, was freed from 
any unattacked hydrocarbon by solution in alcohol, decantation 
from insoluble hydrocarbon, and removal of the solvent under 
reduced pressure. The product was obtained finally in a workable 
form by slow dropping of an acetone solution into a mechanically 
stirred solution of sodium chloride. 

In some cases the hydrogen peroxide oxidation followed an 
irregular course, giving products of abnormal composition, due 
apparently to partial polymerisation. Measurements of the unsatur- 
ation were adopted as a guide to the course of the reaction, products 
giving abnormal values being rejected. The products studied 
were those giving the maximum observed unsaturation. Those 
having lower values were assumed to have undergone partial 
cyclisation. 

In the initial stages of the reaction carbon dioxide was evolved 
in varying amounts, the maximum yield observed, in the case of 
caoutchouc, being equivalent to the oxidation of 0-5% of the 
carbon of caoutchouc, corresponding to the oxidation of one carbon 
atom per Cy. In the oxidation of gutta-percha and balata the 
largest yields of carbon dioxide measured were equivalent to 1:0% 
and 1-4%, respectively, of the carbon of the parent substances, 
corresponding to the oxidation of one carbon atom per Cj) and 
Cz respectively. 

The yields of the oxidation products being almost quantitative, 
no special effort was made to extract any acid products from the 
reaction mixture, containing, as it did, such a large proportion of 
acetic acid. 

The Oxidation Products—The three products were odourless, 
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colourless, amorphous solids, insoluble in water, light petroleum, 
carbon tetrachloride, and carbon disulphide, sparingly soluble in 
benzene and ether, and very soluble in methyl and ethyl alcohol, 
acetone, chloroform, ethyl acetate, acetic acid, and pyridine. They 
were neutral in character and did not possess reducing properties, 
but were unsaturated to bromine and to dilute alkaline perman- 
ganate solution. On distillation in a vacuum they decomposed, 
giving dark oily distillates. 

Ultimate analysis of the oxidation products gave the following 
results : 

Caoutchouc. Found: C, 62-6, 62-9; H, 9-9, 9°7 (Cs9H».0;, 
requires C, 63-3; H, 9-7%). 

Gutta-percha. Found: C, 55-6, 55:3; H, 8-2, 8-2 (C;,H,,0,, 
requires C, 55-9; H, 8-2%). 

Balata. Found: C, 57-6, 57-6; H, 8-6, 8-5 (Cs55H,,0,) requires 
C, 59-5; H, 87%). 

The hydroxyl contents of the alcohols and their unsaturations, 
determined by the methods mentioned on pp. 387 and 388, were as 
follows (the unsaturations are expressed in g. of bromine per 100 g. 
of oxidation product). 


Oxidation Hydroxyl content. Unsaturation. 

product. Found, %. Cale., %. Found, %. Calc., %. 
Caoutchouc  ..........06 29-6, 29-0 28-7 85-0, 85-7 67°3 
Gutta-percha ...........+ 32-2, 32-0 31-7 44-9, 44-8 29-8 
OS EERPURESINS Pre re 25-8, 25-7 27-0 47-0, 46-8 31-7 


The considerable discrepancy in each case between the unsatur- 
ation found and that calculated from the empirical formula corre- 
sponds actually to almost exactly one additional double bond per 
C59. Whether this irregularity is due to oxidation by the bromine 
or to rupture of the ring system cannot be decided, since none of 
the brominated oxidation products was sufficiently stable to permit 
of its isolation and analysis. 

Action of Chromic Acid on the Alcohols.—The above alcohols, 
failing to yield a satisfactory derivative, were treated with chromium 
trioxide in glacial acetic acid solution. The reaction mixtures used 
were as follows : 


Caoutchouc. Gutta-percha and Balata. 
10 g. alcohol CI. A { 10 g. alcohol GI or BI. 
80 c.c. glacial acetic acid. 80 c.c. glacial acetic acid. 


1-4 g. chromium trioxide. B { 1-2 g. chromium trioxide. 
40 c.c. glacial acetic acid. 40 c.c. glacial acetic acid. 
Solution A, to which a few drops of water were added, was 
cooled in a freezing mixture and mechanically stirred, and solution 
B, also cooled, was added drop by drop. Rapid mixing of the 
reagents caused the formation of resinous acids. The reaction was 
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completed at room temperature over-night, the mixture was then 
thrown into water, and the acid just neutralised with sodium 
carbonate. A white solid which separated was extracted repeatedly 
with ether, the combined extracts being washed with water and 
dried over anhydrous sodium sulphate. Removal of the solvent 
under reduced pressure left a colourless glassy solid, which was 
taken up again in acetone and repreeipitated with sodium chloride 
solution. 

The three products, in appearance, were practically identical. 
They were colourless amorphous solids, insoluble in water, benzene, 
and light petroleum, sparingly soluble in ether, and very soluble 
in methyl and ethyl alcohols, acetone, chloroform, and acetic acid. 
They reacted with ammoniacal silver oxide, Fehling’s solution, and 
Schiff’s reagent. The sodium bisulphite compound of each was 
obtained only after several weeks’ exposure to the reagent, the 
semicarbazone after about a week. In each case it was a colourless, 
odourless, amorphous solid, insoluble in water, benzene, toluene, 
ether, and carbon tetrachloride, sparingly soluble in chloroform, 
and very soluble in methyl and ethyl alcohols, acetone, and in 
ethyl acetate. Found for the semicarbazones ; (caoutchouc) C, 58-1, 
58-0; H, 8-9, 8-8; N, 7-8, 7-8 (C;gH,,0,,N, requires C, 59-0; H, 
8-9; N, 7-9%); (gutta-percha) C, 52-6, 52-1; H, 7-6, 7-7; N, 7-1, 
7-0 (Cs:H90g,Nq requires C, 52-8; H, 7-6; N, 7-1%); (balata) 
C, 56-0, 55:8; H, 7-8, 7-9; N, 7-5, 7-4 (CsoH.0..N, requires C, 
55-8; H, 7-9; N, 7-5%). 

Action of Nitric Acid on the Aldehydes.—The aldehyde was left 
in contact with dilute nitric acid (5 c.c., d 1-42, in 15 c.c. of water) 
for 4 days at the ordinary temperature. The acid product was 
extracted by means of ether from the reddish solution. 

The three products were fawn-coloured granular solids, insoluble 
in water, benzene, toluene, and light petroleum, soluble in ether, 
methyl and ethyl alcohols, acetone, and in dilute solutions of 
sodium carbonate and caustic alkali. They did not contain nitrogen, 
but, when a more concentrated acid was used, the products were 
dark brown and nitrogen-containing. When the reaction mixture 
was heated, a resinous mass, nitrogen-containing and acidic, was 
obtained. 

Only the silver salts were obtained and these decomposed readily. 
Found: (caoutchouc) Ag, 17-86, 17-68 [C,,H,,0,,(CO,Ag), requires 
Ag, 18-15%]; (gutta-percha) Ag, 16-32, 16-27 [C,gH,.0,.(CO,Ag). 
requires Ag, 16-44%]; (balata) Ag, 17-02, 16-94 [C,,H,.0,,(CO,Ag). 
requires Ag, 17-28%]. 

Action of Acetic Anhydride upon the Alcohols.—Each of the alcohols 
was treated with acetic anhydride in presence of fused sodium 
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acetate for 3 hours at 30°. When the reaction mixture was poured 
into water, the product was precipitated as a yellowish paste, which 
was taken up in acetone and reprecipitated several times by means 
of sodium chloride solution. 

The products were colourless, odourless, amorphous. solids, 
insoluble in water, benzene, toluene, carbon tetrachloride, and 
light petroleum, and soluble in ether, methyl and ethyl alcohols, 
chloroform, acetone, ethyl] acetate, and pyridine. Found: (caout- 
chouc) C, 68-5, 68-7; H, 8-7, 8-4 (C;gH,,0,, requires C, 69-0; H, 
87%); (gutta-percha) C, 61-4, 60-9; H, 7-0, 7-1 (CggH 20, requires 
C, 60-9; H, 7-1%); (balata) C, 61-8, 62-0; H, 7:3, 7-4 (CegHggQog 
requires C, 62-2; H, 7-5%). 

The acetyl content of each was determined by Perkin’s method, 
and the unsaturation by the usual method : 


Acetyl content. Unsaturation. 
Acetate. Found, %.  Calc., %. Found, %. Calc., %,. 
Caoutchouc ..........0. 19-6, 18-9 17-1 64-8, 64-7 63°5 
Gutta-percha .,........+. 25-9, 25-3 26-4 24-7, 24-8 24-6 
DEL sosspocssteosennce 26-4, 26-3 27-0 25-4, 25-3 25-3 


Hydrolysis of the Acetates.—This was effected by treatment with 
aqueous baryta for several hours at 30° and was possible only on a 
small scale, as, when larger amounts were used, the hydrolysis was 
difficult to control. The resulting alcohols were purified by repeated 
fractional precipitation from ethyl acetate solution by means of 
ether, in which solvent the alcohols were less soluble than the 
corresponding acetates. The purest specimens were colourless. 
Found : (caoutchouc) C, 70-8, 71:2; H, 9-6, 9-4 (C; 9H, 9015 requires 
C, 71-4; H, 95%); (gutta-percha) C, 60-8, 61:3; H, 7-8, 7:6 
(C,9H,,0,, requires C, 62-2; H, 7-9%); (balata) C, 63-5, 64-2; H, 
8-4, 8-4 (C;,H,,0,, requires C, 64-1; H, 8-5%). 


Hydroxyl content. Unsaturation. 
Alcohol. Found, %. Calec., %. Found, %. Calc., %. 
Caoutchouc  ...........+ 8-3, 8-6 8-1 76-5, 76-8 76-2 
Gutta-percha ............ 13-4, 13-0 14-1 31-3, 31-5 33-2 
Balatel |: cisvasensdcccsonsis 14-2, 143 14-5 33-6, 33-5 34:2 


Oxidation of the Alcohols.—Chromium trioxide in glacial acetic 
acid solution was used, as before, to oxidise the new alcohols. The 
three products were colourless amorphous solids, insoluble in water, 
benzene, and light petroleum, sparingly soluble in ether, and very 
soluble in alcohol, acetone, chloroform, and acetic acid. They all 
gave the usual tests for an aldehyde group. From alcoholic extracts, 
semicarbazones were prepared in the usual way. These were 
amorphous solids, colourless and without odour. They were 
insoluble in water, ether, and the hydrocarbon solvents and were 
very soluble in alcohol and acetone. Found: (caoutchouc) C, 64-8, 





eres eer 


PF RIES LPT 





398 MAIR AND TODD: THE OXIDATION OF 


65-0; H, 8-7, 8-7; N (Kjeldahl), 8-8, 8-8 (C,.H,.0, 9N, requires 
C, 65:7; H, 8-6; N, 8-8%); (gutta-percha) C, 58-4, 58-6; H, 7-1, 
7-1; N, 7-7, 7-7 (Cs5,H,,0,,N, requires C, 58-1; H, 7-3; N, 7-8%); 
(balata) C, 60-2, 60-0; H, 7-7,7-7; N, 8-0, 7-9 (C;,H,.0,,N, requires 
C, 59-6; H, 7-8; N, 80%). 

Oxidation of the Aldehydes.—The products resulting from the treat- 
ment of the above aldehydes with dilute nitric acid were not acidic 
and contained a fair proportion of nitrogen. By drawing a current 
of air through an alcoholic solution of the aldehyde at 40°, an acid 
product was obtained. Removal of the solvent from an ethereal 
extract of the reddish solution left a reddish syrup which was to a 
large extent soluble in dilute sodium carbonate solution. A brown 
gelatinous precipitate was formed on acidification of the alkaline 
solution. The acid was taken up several times in dilute aqueous 
sodium carbonate, the solution filtered, and the product repre- 
cipitated by addition of. acid. The filtered, washed, and dried 
product was a brown friable solid. 

The three acids were insoluble in water, benzene, toluene, and 
light petroleum, soluble in ether, methyl and ethy] alcohols, acetone, 
and in dilute sodium carbonate and caustic alkali solutions. The 
silver and lead salts were obtained, but only the latter were suited 
to analysis, as the former gave varying results even when the 
determinations were made in diffused artificial light. Found: 
(caoutchouc) Pb, 19-0, 18-8 [C,,H,,0,(CO,).Pb requires Pb, 19-3%]; 
(gutta-percha) Pb, 17-2, 17-1 [CygH)0,,(CO,),.Pb requires Pb, 
17-3%]; (balata) Pb, 17-6, 17-5 [CygH,,0,,(CO,).Pb requires Pb, 
17-7%]. 

Action of Hydrogen Peroxide on the Acetates.—The acetates were 
still unsaturated and were oxidised further with 100-vol. hydrogen 
peroxide. The method and procedure were similar to those employed 
in the oxidation of the hydrocarbons, save that there was no 
necessity to use chloroform as solvent, since the acetates were 
soluble in glacial acetic acid. 

The new products, which were purified by fractional precipitation 
from alcoholic solution with ether, in which the original acetates 
were the more soluble, were colourless amorphous solids, insoluble 
in water, benzene, toluene, carbon tetrachloride, and light petroleum, 
sparingly soluble in ether, and very soluble in methyl and ethyl 
alcohols, acetone, chloroform, and ethyl acetate. They were 
saturated, non-acidic and non-reducing, and decomposed on dis- 
tillation, yielding dark oily distillates. They contained hydroxy- 
as well as acetoxy-groups, but no alcoholic derivatives suitable for 
characterisation were obtained. Treatment with methyl sulphate 
and caustic alkali at a low temperature did not effect methylation, 
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and when the temperature was raised resinification occurred. 
Found : (caoutchouc) C, 54-0, 54:2; H, 5-9, 5-9 (C,,H,,0,, requires 
C, 54:2; H, 59%); (gutta-percha) OC, 54-4, 54-8; H, 5°7, 5-7 
(CogH,,03, requires C, 54:5; H, 58%); (balata) C, 54-6, 54-4; 
H, 5-7, 5-7 (CggH,,05, requires C, 54-5; H, 5-8%). 


Acetyl content. Hydroxy] content. 

Acetate IT. Found, %. Calc., %. Found, %. Calc., %. 
Caoutchouc  ........0006 16-2, 15-9 13-4 10-7, 10-7 10-6 
Gutta-percha ......... 23-0, 22-9 23-7 4-5, 4:5 4-7 
BARRA... cisceseoccquesvons 23-0, 22-8 23-7 4-5, 4:5 4:7 


Hydrolysis of the New Acetates.—This was effected by treatment 
for several hours at 40° with aqueous baryta. The alcohols thus 
produced resembled the parent acetates very closely and consider- 
able difficulty was experienced in obtaining a workable method of 
separation. By continued fractional precipitation from alcoholic 
solution with ether, three products, very closely resembling one 
another, were obtained. They were colourless amorphous solids, 
similar in solubilities to the parent acetates, and were saturated in 
character. Found: (caoutchouc) C, 53-3, 53-3; H, 6-2, 6-1; OH, 
17-0, 17-7; (gutta-percha) C, 53-3, 52-7; H, 6-1, 6-1; OH, 18-4, 
18-5; (balata) C, 53-8, 53-3; H, 6-0, 6-0; OH, 18-1, 18-0 (C59H,.0o, 
requires C, 53-7; H, 6-1; OH, 18-3%). 

These substances were treated with chromium trioxide in glacial 
acetic acid solution, in the manner previously described, but no 
trace of an aldehydic or ketonic product could be obtained. Treat- 
ment with Beckmann’s mixture (potassium dichromate and sulphuric 
acid) yielded products of high molecular weight, devoid of acidic 
or reducing properties, together with a small amount of an acid 
substance of a resinous nature. 


The authors desire to acknowledge their indebtedness to Pro- 
fessor G. G. Henderson for the continued interest which he has 
taken in this work ; to the Carnegie Trustees for a scholarship which 
has enabled one of them (J. T.) to take part in this research ; to the 
Imperial Chemical Industries for a grant which defrayed a portion 
of the expense; and to The North British Rubber Company and 
Messrs. John Tullis for gifts of raw materials. 
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49. The Dissociation Constants of Organic Acids. 
Part V. The Mobility of the Hydrogen Ion at 
18° and at 25°. 


By George Harotp Jerrery and ARTHUR ISRAEL VOGEL. 


THE most important datum for the calculation of dissociation 
constants at any temperature is the mobility of the hydrogen ion 
at that temperature; this value is, however, known with but 
little accuracy; e.g., for 25°, at which temperature most conduc- 
tivity measurements are now carried out, the most trustworthy 
figures range from 347-2+-0-4 (Kendall, J., 1912, 101, 1275; com- 
pare Derick, J. Amer. Chem. Soc., 1914, 36, 2268) to 351-5 (Ulich, 
Trans. Faraday Soc., 1927, 23, 390). Other values which have 
been given are 342 (Ostwald, Z. physikal. Chem., 1888, 2, 842; 
this figure was employed in his calculations of the dissociation 
constants of weak acids, ibid., 1889, 3, 172), 347 (idem, “ Lehrbuch 
der allgemeine Chemie,’”’ 1893, 2, 675), 352 (Kohlrausch, “ Leitver- 
mégen de Elektrolyte,” 1898, pp. 107—110), 365 (Noyes and 
Sammet, Z. physikal. Chem., 1903, 43, 49), 346 (Drucker, Z. Elek- 
trochem., 1907. 13, 81), 348 (Kohlrausch, ibid., p. 333; ‘‘ Gesammelte 
Abhandl.,” 1911, 2, 1119), 353 (Gorke, Z. physikal. Chem., 1908, 
61, 495), 348 (Noyes and Kato, ibid., 1908, 62, 420), 349-93 (Kraus 
and Parker, J. Amer. Chem. Soc., 1922, 44, 2449), 349-89 (Parker, 
tbid., 1923, 45, 2033), 349 (Hartley and Raikes, Trans. Faraday 
Soc., 1927, 23, 390), 349-05 (Ferguson and Vogel, Phil. Mag., 1927, 
4, 305; see, however, ibid., 1931, 27, 289), 351 (Murray-Rust, 
Gatty, MacFarlane, and Hartley, Ann. Reports, 1930, 27, 351), and 
348-6 (Jeffery and Vogel, Part IV of this series, J., 1931, 1723). 
The best figures at 18° appear to be 313-9 +. 0-4 (Kendall, J., 1912, 
101, 1296), 315 (Kohlrausch and Holborn, “ Leitvermégen der 
Elektrolyte,” 1916, p. 214), 315-62 (Kraus and Parker, loc. cit.), 
and 317-0 (Jeffery and Vogel, loc. cit.); a full bibliography of the 
earlier results is given in Kendall’s paper (loc. cit.). 

The necessity for obtaining a trustworthy figure for the mobility 
of the hydrogen ion at 18° and at 25° is therefore obvious, For 
accurate work with dilute solutions of acids it is now recognised 
that the use of silica conductivity cells is essential (compare Kraus 
and Parker; Parker; Jeffery and Vogel, locc. cit.). By a com- 
parison of their results with iodic acid in Pyrex cells at 25° with 
those of Kraus and Parker in silica cells, the present authors have 
shown (J., 1931, 1720) that excellent agreement is obtained at 
concentrations greater than 1-5 x 10°N, but the conductivities. 
below this concentration pass through a maximum at about 
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1 x 10°N. Ferguson and Vogel (Trans. Faraday Soc., 1931, 27, 
289) have computed the value of the conductivity at infinite 
dilution of iodic acid at 25° from Kraus and Parker’s determinations 
with water of specific conductivity of about 0-1 gemmho, and find 
that the conductivity—concentration curve is represented by 


Fia. 1. 
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10 2°0 3°0 
C x 10%. 
Iodice acid at 25°. 
©: Authors (Silica : H,O, x=0°8). © Kraus and Parker (Silica : H,O, x=90°5). 
A » (Pyrex: be M Me od » { b» H,0, «=0°1), 
> Kiaus and Parker (Lime-glass : H,O, «=0°8). 
Ag = A + 21870%8*9, leading to A, = 389-61. We have repeated 
the measurements upon iodic acid at 25° in a silica cell of the 
Hartley and Barrett type with equilibrium water and find good 
agreement with Kraus and Parker’s determinations at concen- 
trations above 0-0005N. The conductivity-concentration curve 
passes through a maximum below this concentration—an effect 


obviously due to the use of less pure water. The A-C curve of 
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our own results above 0-0005N is expressed by the equation 
Ag = A + 1735C%8%7, leading to a mean value of A, of 389-99. 
This is in satisfactory accord with that deduced from Kraus and 
Parker’s figures, and it seems reasonable to assert that trustworthy 
conductivity values are obtained with equilibrium water in quartz 
cells at concentrations above ca.5 x 104N. Fig. 1 illustrates well 
the influence of the nature of the material of the cell and of the 
specific conductivity of the water used upon the conductivity-— 
concentration curve for iodic acid at low concentrations. Curves 
A and B represent Kraus and Parker’s determinations in a silica 
cell with water of «x = ca. 0-1 and 0-5 gemmho respectively (only 
one run is shown for the sake of clarity), curve C the authors’ 
figures with water with x = ca. 0-8 gemmho (present research), 
and curve D depicts similar measurements but with Pyrex cells 
(J., 1931, 1720). Kraus and Parker’s results with lime-glass cells 
are also indicated. The above comparison is legitimate since both 
Kraus and Parker’s and the present authors’ determinations of 
cell constants are based upon Kohlrausch and Maltby’s figures for 
potassium chloride at 18° (‘‘ Gesammelte Abhandl.,” 1911, 2, 826). 
The value for the mobility of the hydrogen ion at 25° is 349-0 or 
348-0 according as the figure 41-0 or 42-0 is employed for the 
mobility of the iodate ion (Jeffery and Vogel, Part IV, loc. cit.). 
Since accurate data are now available from which the mobility 
of the chloride ion at 25° can be calculated (Jeffery and Vogel, 
loc. cit.), new measurements on hydrogen chloride have also been 
made in a silica cell. The most noteworthy previous work is that of 
Parker (J. Amer. Chem. Soc., 1923, 45, 2017; this paper contains 
a full bibliography of earlier work). Our figures cover the concen- 
tration range 1—100 x 10-4N, those of Parker extend over the range 
1—30 x 104N. The results are plotted in Fig. 2. Our method 
for the preparation of the solutions by weight is based upon the 
use of constant-boiling hydrochloric acid, the concentration of 
which is known with great accuracy from the work of several 
investigators (compare Hulett and Bonner, J. Amer. Chem. Soc., 
1909, 34, 390; Foulk and Hollingsworth, ibid., 1923, 45, 1223; 
Bonner and Titus, ibid., 1930; 52, 633; Bonner and Wallace, 
ibid., 1930, 52, 1747). This method is susceptible of great accuracy 
and would seem to be preferable to that employed by Parker, which 
consisted of generating the hydrogen chloride from sodium chloride 
and sulphuric acid, passing the gas. through a wash-bottle contain- 
ing concentrated sulphuric acid, drying it by means of one tube 
filled with phosphoric oxide, and then passing it into about a 
kilogram (accurately weighed) of conductivity water contained in 
a quartz flask, the connexion to the quartz absorption flask being 
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made with rubber tubing. No precautions were taken to remove 
sulphuric acid spray; the use of phosphoric oxide, unless very 
highly purified, is not entirely satisfactory (compare Richards, 
J. Amer. Chem. Soc., 1909, 34, 6; Gray and Burt, J., 1909, 95, 
1639). The discrepancies between the experimental results of the 
present authors and those of Parker are probably to be attributed 
to these causes, and not to the actual conductivity measurements, 
which are beyond criticism. 


Fia. 2. 
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C x 10°. 
Hydrochloric acid at 25°. 


The A-C curve above 5 x 10-4N is expressed by the equation 
Ay = A + 13800°%, which gives a mean value of A, for hydrogen 
chloride at 25° of 423-67. This leads to a value for the mobility 
of the hydrogen ion of 348-3 or 347-3 according as 75-4 or 76-4 is 
taken for the mobility of the chloride ion (Jeffery and Vogel, Part 
IV, loc. cit.). 

Measurements have also been carried out with hydrochloric acid 
in Pyrex cells with equilibrium water. The A-C curve passes 
through a maximum at about 0-0008N and is expressed at concen- 
trations exceeding 0-001N by the equation Ay = A + 576-10%788, 
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which gives a mean value of A, = 423-66, in satisfactory agree- 
ment with the figure deduced above. 

As a further check on the value for the mobility of the hydrogen 
ion at 25°, conductivity measurements have been made on benzene- 
sulphonic acid in a silica cell, and on its sodium salt in Pyrex cells.* 
In view of the indirect proof of the purity of the benzenesulphonic 
acid and its extremely hygroscopic character, the results for this 
acid are not considered to be as trustworthy as those for iodic 
and hydrochloric acids. The A-C curve for the acid above 0-0005N 
is expressed by A, = A + 527-109, giving A, = 385-26. For 
the sodium salt, Ay = A + 240-8C0°711, leading to A, = 86-33; 
1, for the hydrogen ion is 349-7 or 348-7 according as |, for the sodium 
ion at 25° is taken as 50-8 or 49-8 (J., 1931, 1723). 

The results for the three acids are collected in Table I. The 
two alternative values for the mobilities of the anions are due to 
the use of two kation transport numbers for potassium chloride, 
viz., 0-497 (the formerly-accepted figure of Kohlrausch and Maltby, 
op. cit., p. 906) and 0-490 (the recent value of MacInnes and Dole, 
J. Amer. Chem. Soc., 1931, 53, 1362). 


TABLE I. 
HIO,. HCl. C,H,-SO,H. 
Bas crssvensdacevscesheres 389-99 423-67 385-26 
Le ee Be 0-497 0-490 0-497 0-490 0-497 0-490 
aA) ers ae 41-0 42-0 75-4 76-4 35-5 36-5 
ly of H+ ion ....s.6.0008 349-0 348-0 348-3 347-3 349-7 348-7 


The mean value for the mobility of the hydrogen ion at 25° is 
349-0 + 0-7 (n, = 0-497) or 348-0 + 0-7 (n, = 0-490), or a maximum 
deviation from the mean of 0-2%. 
Conductivity measurements in a quartz cell have also been made 
for iodic acid at 18° over the range 0-:0001—0-01N. The A-C curve 
above 0-0005N is expressed by the equation A, = A + 690-5C°7, 
giving a mean value for A, of 348-05. This figure differs by about 
1% from the preliminary value previously deduced (Part IV, loc. 
cit.) from measurements in Pyrex cells at concentrations above 
0-002N, and illustrates that extrapolation to zero concentration 
from results at relatively high concentrations for acids may be 
only approximate. The mobility of the hydrogen ion at 18° is 
314-1, that for the iodate ion being assumed to be 34-0 (Ferguson 
and Vogel, Phil. Mag., 1925, 50, 971). The latter is based on a 
transport number for potassium chloride of 0-497; if MacInnes 


* The early work of Ostwald (Z. physikal. Chem., 1888, 2, 845), and of 
Wightman and Jones (Amer. Chem. J., 1911, 46, 56) (compare Boyle, J., 1919, 
115 1505) must be regarded as approximate. 
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and Dole’s figure (loc. cit.) be employed, J, for the iodate ion is 
34-7, and that for the hydrogen ion is 313-4. 
All the above calculations are based upon the use of Ferguson 
and Vogel’s formula (Phil. Mag., 1925, 50, 971) 
Ag=w i+ BO. ew. De @® 
for extrapolation to Ay. A slight variation of the usual procedure 
has been introduced. It has been found that by making two plots 
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4-344 45 46 47 248 G9 3-0 3-1 32 33 34 3-5 3-6 
log C. 
Hydrochloric acid at 25° (silica). 
® r=15. A r=144. 


of log AA (ordinates) against log C (abscisse) with common ratio 
r of 1-4 and 1-5 respectively, the exact position of the straight 
line—upon which the values of B and nm depend—can be very 
easily fixed. A typical example for hydrochloric acid in silica at 
25° is shown in Fig. 3. 

It is of interést to compare the results for acids with those pre- 
dicted by the Debye—Hiickel-Onsager theory of complete ionisation, 
according to which the A-C relation at concentrations below about 


0-002N is of the type 
Ng = A POT. ce bie we (2) 
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Onsager’s actual equation for a z-valent binary electrolyte (Physikal. 
Z., 1927, 28, 277; Trans. Faraday Soc., 1927, 23, 344; compare 
Hartley, Ann. Reports, 1930, 27, 331) is 


0-986 x 10° 58-0 ; 
Ao =A + [ora (2 = V/'2)z2Ay + chris? [VRC . (3) 


where D is the dielectric constant of the solvent at T° Abs., and 7 
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A-C°®*® Plot for acids at 25°. 


is the viscosity of the solvent. For uni-univalent electrolytes in 
water, this reduces to: 
At 18° A, = A + (0-224A, + 50-5)0 . . . (4) 
At 25° Ag = A + (0-228A, + 59-8)C®> . . . (5) 


The plots of A against C®> are shown in Fig. 4. The ordinate 
scales for iodic and hydrochloric acids respectively are indicated 
on the extreme left and right of the diagram, whilst that for 
benzenesulphonic acid has been displaced vertically by 10 units 
in order to prevent overlapping. It will be observed that the points 
for the three acids lie on parabolas. It is true that a straight line 
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extending to about 0-008N can be drawn for benzenesulphonic acid, 
but this extends to a region where the complete ionisation hypothesis 
is not intended to apply and leads to a high value for Ay. The 
decreasing curvature in these graphs for the three acids corresponds 
to the decrease in the value of the exponent » in formula (1), thus : 
hydrochloric acid, » = 0-929; iodic acid, n = 0-837; and benz- 
enesulphonic acid, n = 0-740. 

That a straight line can be made to fit closely to the A-C% 
curve for benzenesulphonic acid is not altogether surprising in view 
of the relatively small curvature of the parabola. A similar result 
is obtained for iodic acid at 18°. It is highly probable that if the 
measurements were carried out with better conductivity water 
(say, of x = 0-1 gemmho), so as to yield trustworthy results over 
the range 0-0001-0-0005N, which has not been utilised in the present 
calculations, the curvature at low concentrations would be more 
apparent. This is, indeed, what is found if Kraus and Parker’s 
results for iodic acid (x = 0-1 gemmho).are plotted on the graph. 
The following table shows the values of A, determined by direct 
extrapolation of these straight lines together with the observed 
and calculated slopes [the latter from equations (4) and (5)], and 
A the percentage deviation of the observed value from the theoretical, 
4.¢., A = 100(%obs. — Xeaic.)/%eaic. (See J., 1930, 2497). The large 
deviation for iodic acid is noteworthy. 


Acid. Ao- ZLovs.- Zac. 4. 
C,H,-SO,H at 25°... 387-1 161-4 148-1 + 90 
HIO, at 18° ............ 350-4 226-8 -, 129-0 + 75-9 


Onsager (Physikal. Z., 1927, 28, 294) had previously shown that 
the A-C®® curve for iodic acid is a parabola, and by utilising 
Parker’s results for hydrochloric acid at 25° he obtained a straight 
line, the slope of which agreed well with that computed theoretically 
from equation (5) (see also Davies, ‘‘ The Conductivity of Solutions,”’ 
1930, p. 83). Parker himself (loc. cit.) obtained a straight line by 
plotting A against C, since he found the Ostwald dilution formula 
to hold. In the light of the present authors’ experimental results, 
little significance can be attached to the calculations of Onsager 
(loc. cit.) and of Davies (loc. cit.). This remark also applies to 
Murray-Rust, Gatty, MacFarlane, and Hartley’s criticism (Ann. 
Reports, 1930, 27, 346) of the Ferguson and Vogel method for 
extrapolation to Aj. Further, it must be pointed out that the 
values of ~ in equation (1) for potassium chloride are 0-452 
at 18° (Phil. Mag., 1925, 50, 971) and 0-547 at 25° (J., 1931, 
1719). The figure 0-374, quoted by Hartley and others for 
potassium chloride, refers to a temperature of 0° and is based 
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upon the experimental results of Walden and Ulich (Z. physikal. 
Chem., 1923, 106, 49). 

The A-C curve for sodium benzenesulphonate is expressed by the 
equation A, = A + 240-80°711, giving a mean value of A, of 86-33. 
Extrapolation for this salt has also been carried out by means of 
the square-root formula (2); a slightly different straight line is 
obtained according as one assumes that the formula holds down 
to 0:0014N or 0-002N. In the former case Ay = 86-58, 7,1, = 60-8, 
Lealc. = 79-5, and A = — 23-5, and in the latter case A, = 86-88, 
Love. = 73-0, Leatc. = 79°6, and A = — 8-3, the agreement with the 
experimental figures being slightly better. This result indicates 
that the magnitude of A as a test for agreement with the Debye- 
Hiickel-Onsager theory is not so sensitive as seems to be generally 
supposed. Similar results are obtained for potassium chloride at 
18°. For Kohlrausch and Maltby’s results * (op. cit., p. 890), the 
A-O0% plot gives Ag = 129-9 = A + 77-80%; a... = 79°8, and 
A = — 2:3 (compare Ferguson and Vogel, Phil. Mag., 1925, 50, 
971, who found that these results are expressed by the equation 
Ay = 130-04 = A + 61-260°*%), whilst a similar plot for Weiland’s 
experimental figures (J. Amer. Chem. Soc., 1918, 40, 146) gives 
Ay = 129-9 = A + 83-30%5; A = + 4-7 (compare Ferguson and 
Vogel, Trans. Faraday Soc., 1931, 27, 290, who find, for Weiland’s 
runs 3 and 4, Ay = 129-85 = A + 174-6C0%587). 


EXPERIMENTAL. 


Conductivity Water.—This was prepared as described by Vogel 
and Jeffery (Part III, J., 1931, 1201). 

Preparation of Materials and Solutions.—Iodic acid. Kahlbaum’s 
iodic acid “for analysis’? was purified as described previously 
(J., 1931, 1723). Sample A consisted of a mixture of specimens 
(1) and (2) (loc. cit.), and sample B was prepared from a new speci- 
men of iodic acid (Found : 0-2933, g. Taken: 0-2932, g.). 

Hydrogen chloride. The apparatus for preparing the constant- 
boiling solution is shown in Fig.5. Hydrogen chloride was generated 
by the action of A.R. concentrated sulphuric acid in the tap funnel 
A upon Kahlbaum’s “ pure for analysis ’’ sodium chloride contained 
in the 500-c.c. flask B, the gas freed from spray by passing through 
glass wool in the bubbler C, and finally absorbed in conductivity 
water contained in a small Pyrex beaker by means of the inverted 
thistle-funnel D, placed just below the surface of the water. The 
reaction was stopped when the increase in weight of the water was 

* These have been corrected by the original authors for small variations in 
temperature from 18°; Frazer and Hartley (Proc. Roy. Soc., 1925, 109, A, 356) 
have employed the uncorrected figures. 
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approximately that required for conversion into the constant-boiling 
acid. The apparatus was constructed entirely of Pyrex glass; no 
lubricant was employed on the well-ground joints except on the 
tap, where a thin film of petroleum jelly which had been boiled 
with conductivity water was used. The glass-wool was boiled 
three times with aqua regia, well washed with distilled water, 
finally with conductivity water, and dried at 100°. 


Fia. 5. 





























The resultant solution of hydrochloric acid was fractionally 
distilled in the all-Pyrex glass still, illustrated in the lower half of 
the diagram. It consisted of a 75-c.c. Claisen flask 2 with a ground- 
in glass thermometer of Corning borosilicate glass, manufactured 
by Messrs. Black to N.P.L. accuracy, which was connected to the 
condenser G, a large Pyrex weighing bottle acting as receiver. 
The thermometer was graduated over the range 90—160° in 0-1°. 
The 110° mark was checked with pure boiling toluene. <A few pieces 
of platinum wire were placed in the flask to promote regular 
ebullition. 

The constant-boiling fraction was redistilled from 1—2%, of its 


weight of A.R. barium chloride—to remove traces of sulphuric 
P2 
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acid if present—and finally redistilled alone, the exact barometric 
pressure at the time of the last distillation being observed. No 
variation in boiling point, which agreed well with that given by 
Bonner and Wallace (loc. cit.), of the collected sample could be de- 
tected; a change in temperature of 0-02° was readily discernible. 
The exact composition was obtained from the pressure by reference 
to Foulk and Hollingsworth’s table (loc. cit.). Three independent 
preparations were employed. 

The barometric pressures and the corresponding boiling points 
of the various specimens used are given below. Specimens 1A and 
2A were obtained from specimens 1 and 2 by redistillation. 


BPScimMen § ..0s.cseee00 1 1A 2 2A 3 
Pressure (mm.) ...... 762-70 755-00 763-55 764-85 757-05 
BUY. sdspieecsapechenis 108-60° 108-50° 108-70° 108-75° 108-55° 


Benzenesulphonic acid. Kahlbaum’s purest acid was employed. 
It was analysed by titration with aqueous baryta, which had been 
standardised against A.R. potassium hydrogen phthalate, and 
found to contain 98-52% of the monohydrate (compare Meyer, 
Annalen, 1923, 433, 328), the remainder being water. Its purity 
was established by conversion into the sodium salt by the addition 
of the calculated quantity of pure sodium hydroxide solution, 
evaporating it to dryness on the water bath, and recrystallising 
the salt as described below (Found: Na, 12-76. Calc.: 12-78%), 
and then measuring the conductivity over the range 1 x 104— 
1 x 10°N. (This is referred to as specimen 2 in the tables of 
experimental results.) The conductivities were in good agreement 
with those found for the pure sodium salt prepared as described below. 

Sodium benzenesulphonate. Gattermann’s method (Ber., 1898, 24, 
2121; “ Die Praxis des organischen Chemikers,” 1930, p. 184) of 
preparation from A.R. benzene was utilised. The salt was recrys- 
tallised twice from ordinary absolute alcohol and finally from re- 
distilled absolute alcohol (Found : Na, 12-74%). This is designated 
as specimen 1. 

Pyrex vessels were used throughout, unless otherwise stated, 
all filtrations being carried out with Jena-glass Buchner funnels 
provided with sealed-in glass filter discs. 

For iodic acid and sodium benzenesulphonate, the solutions 
were made up by weight as described in Part I (J., 1929, 1480), 
a small silica weighing bottle being used for the former. The solu- 
tion of hydrochloric acid was prepared by adding a known weight 
of the freshly distilled constant-boiling acid contained in a Pyrex 
weight pipette to a known weight of conductivity water contained 
in a large weighing bottle. The stock solution of benzenesulphonic 
acid was prepared by adding a suitable quantity of Kahlbaum’s 
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acid as rapidly as possible (this is necessary owing to its extremely 
hygroscopic character) to a known weight of conductivity water, 
the increase in weight giving the weight of acid employed. The 
concentration of the stock solution was calculated from the known 
purity and the weight employed, and was also determined by direct 
titration with standard baryta: the results agreed to within 0-1%. 
All the stock solutions for runs in the silica conductivity cell were 
made up in a silica weighing bottle, provided with a ground-in 
silica stopper, of 250 c.c. capacity. For the runs in the Pyrex 
cells, Pyrex vessels were exclusively employed. 

Conductivity Cells.—A cell of the Hartley and Barrett type (J., 
1913, 103, 789), constructed entirely of silica, was employed. The 
two grey platinum plates were held at a constant distance apart 
by means of four thin silica rods passing through holes in the four 
corners of the plates. For the runs in Pyrex, cells S and V (Part 
IV, loc. cit.) were used. The conductivity of the water was measured 
in a small cell of the Kohlrausch type. 

Cell Constants.—These were determined by measuring the resist- 
ance of aqueous solutions of potassium chloride prepared with 
equilibrium water at 25° over the range 0-0001—0-008N ; the values 
of the specific conductivity at the concentrations used were calcu- 
lated from the formula A, = 149-83 — 101-6C%4? deduced in Part 
IV. Two typical sets of results of independent determinations for 
the silica cell are given below. 








C x 104. Cell constant. C x 10‘. ‘Cell constant. 
1-821 0-026748 1-514 0-026754 
6-178 0-026752 6-606 0-026747 

23-79 0-026738 18-70 0-026751 

42-34 0-026755 48-12 0-026756 

64-42 0-026737 82-31 0-026746 

Mean 0-026746 Mean 0-026750 


The mean value employed in the calculations was 0-02674,. The 
cell constants for the two Pyrex cells S and V were 0-03422, and 
0-02781, respectively, and for the Kohlrausch cell 0-2390. 

Measurement of Conductivity—The technique was similar to 
that described by Jeffery and Vogel (J., 1931, 1723). Successive 
additions of weighed amounts of the stock solution were made— 
for the acids a silica weight pipette was employed—to a known 
weight of water in the cell, and the resistance was determined 
after each addition. The cell was immersed during the measure- 
ments in an electrically controlled thermostat constant to + 0-01°, 
the first readings being taken after two hours’ immersion. 

Solvent Correction.—No correction was applied for the acids. 
The specific conductivity of the water used was subtracted from 
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the measured specific conductivity for the solutions of sodium 
benzenesulphonate. 

Calculation of the Concentrations.—All the concentrations are 
expressed in g.-mols. per litre of solution at the temperature at 
which the run was carried out, and were computed as described in 
Part IV (loc. cit.). 

Results.—The following tables give the experimental values of 
the equivalent conductivity, A, obs., of the substances investigated 
at various concentrations C, expressed in g.-equivs. per litre. 
Entirely independent stock solutions were used for each series of 
measurements of the same electrolyte. The letters § and V refer to 
the Pyrex cell employed. The mean values of A)", evaluated from 
the equation A,* = A + BC”, the values of the constants of which 
are given, are included at the head of the tables. Where the square- 
root relation A,’ = A + xC®%5 has been applied, the values of Aj’ 
and x deduced from it are also incorporated in the table; A,, 
calc. was obtained by the use of these constants and its difference 
from <A,, obs., is shown in the column headed “ Diff.”; « is 
the specific conductivity of the water used, expressed in gemmhos, 
and M is the molecular weight. 


Iodic acid at 25° (M = 175-94). 


Silica cell. 
Ag" = Ac + 1735C% 837; A* = 389-99. 


Series, lies Series, Mee 
etc, Cx10*. = obs. A,*.* etc. Cx 104, obs. A,*.* 

1, 1-606 381-33 — 2. 1:040 380-30 —- 

Sample 4-058 386-21 — Sample 2-236 384-35 — 
A. 8-041 385-62 390-08 B. 5-454 386-44 389-66 
«=0-751 18-21 381-07 389-91 x«=0-766 11-57 383-05 389-69 
28-59 377-42 390-32 24-56 378:92 390-27 
49-67 371-15 (391-65) 33°76 375-60 (391-70) 
81-70 363-01 (394-05) 56-06 369-14 (391-79) 
100-6 358-30 (395-25) 85-84 361-99 (394-35) 


* The values in parentheses were not employed in the calculations. 


Hydrochloric acid at 25° (M = 36-47). 
Silica cell. 
Ag" = Ac + 1380C%929; A," = 423-67. 


1. 1-886 420-45 — 2. 1-032 419-98 — 
Specimen 8-205 421-71 423-58 Specimen 4213 422-12 —_ 
1A. 17-54 419-78 423-57 2A, 10-14 421-19 423-47 
«=0-860 28-77 417-87 423-88 x«=0-742 20-31 419-49 423-84 
43-50 415-64 (424-48) 50-91 414-85 (424-86) 
57-89 414-05 (424-55) 61-34 413-52 (425-66) 
81-70 412-03 (427-87) 76-03 412-39 (427-21) 
99-14 410-62 (429-58) 93-39 411-01 (428-94) 
3 1-039 420-30 3 32-64 417-22 423-97 


Specimen 3. 4-991 422-05 (423-23) Specimen3. 44-68 415-55 (424-59) 
x=0-745 8-322 421-51 423-39 x=0-745 65-48 413-09 (425-98) 
1987 419-42 423-68 77-17 412-19 (427-21) 
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Ao” = Ae + 576-1C%788; A.” — 423-66, 


1. (V) 0-956 
Specimen 5-892 
1. 13-30 
k=0-830 31-63 
50-14 
66-63 
88-20 
99-70 
Series. K. 


Pyrex cells. 


41901 — 
42153 — 

420-33 423-46 
417-40 423-59 
414-99 423-89 
413-05 (424-14) 
411-57 (425-46) 
411-10 (426-39) 


Cx 104. 


2. (S) 


1-474 


Specimen 8-229 
2. 


K=0-755 


A,, obs. 


17-42 
34-76 
48-42 
66-17 
77-25 
90-71 


A,, eale. 


419-51 
421-55 
419-60 
416-85 
415-22 
413-09 
412-10 
411-35 


Diff. 


v. 413 


423-70 
423-50 
423-52 
423-98 
(424-77) 
(424-61) 
(425-55) 


A," . 


Benzenesulphonic acid at 25° (M = 176-12 as monohydrate). 


A,” 


5. 0-717 


Silica cell. 


1-472 

5-985 
11-54 
24-93 
45-49 
64-69 
93-16 

104-7 


2. 0-704 3-198 


A 


1, 0-666 
Specimen 
A. 
2. 0-595 
Specimen 
B. 


9-542 
18-43 
45-43 
59-32 
68-28 
80-14 
93-65 


= he -+ 527-1097; Am 
A,’ = Ae + 161-4C° 5, A,’ 


380-87 
382-90 
381-65 
378-88 
375-81 
373-91 
372-48 
371-99 


382-10 
382-12 
380-22 
375-80 
374-35 
373-62 
372-91 
372-41 


385-26. 
387-1. 


383-15 
381-61 
379-04 
376-21 
374-11 


382-18 
380-17 
376-22 
374-67 
374-15 
372-64 


Iodic acid at 18° (M = 175-94). 
Silica cell. 
Ag” = Ac + 690-5C% 719; A," = 348-05. 


of = Ae + 226-805 


1-226 

5-533 
11-86 
20°46 
39-50 
57-32 
74-75 
94-97 


1-990 

7-915 
16-72 
32-78 
47-17 
66-91 
80-89 

100-2 


Ad’ = 350-4. 
343-73 —_ 
344-85 344-95 
342-42 342-53 
340-01 340-10 
335-15 336-10 
331-69 —_ 
328-10 — 
324-71 —_ 
344-21 — 
343-90 343-98 
341-12 341-08 
336-71 337-37 
333-40 — 
329-52 _ 
326-99 _ 
324-01 — 


—0-20 
+0-04 
—0-16 
—0-40 
—0-29 


— 0-06 
+0-05 
—0-42 
— 0-32 
—0-53 
+027 


—0-10 
—O11 
— 0-09 
—0-95 


—0-08 
+0-04 
— 1-38 


ltl | 


385-07 
385-18 
385-12 
385-55 
(386-55) 
(388-04) 
(390-07) 


385-15 

385-21 

385-53 
(386-20) 
(386-74) 
(387-72) 
(389-03) 


348-00 
347-86 
348-06 
348-06 
(348-57) 
(348-52) 
(348-78) 


347-97 
348-08 
348-00 
348-07 
348-38 
(350-87) 
(353-96) 
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Nes Nes Ae , 
Series. K. Cx10*. obs. cale. Diff. cale.* Diff. Ag". 
Sodium benzenesulphonate at 25° (M = 180-10). 
Ag" = A. + 240-8C%711; Ag" = 86-33 

Ao’ = Ae + 60°-8C%5; At = 86-58 ..... (6) 

A’ = A.’ + 73:0C%5; Ay’ = 86-88 ..... (7) 
1. (V) 0-742 1-814 85-87 85-76 +0-11 85-90 —0-03 86-40 
Specimen 6-535 85-10 85-03 +0-07 85-01 +0-09 86-40 
iz 13:16 84-16 84-38 —0-22 84:23 —0-07 86-31 
27-80 82-50 -— ——- -- — 86-15 
45-67 81-10 ~— ~- -— —- 86-31 
59-99 80°30 —- -— -—— o 86-63 
88-70 79-40 — — — — (87-76) 
112-9 79-11 = --- —- — (89-03) 
2. (8) 0-717 1-348 85-99 85-87 +012 86-03 —0-04 86-42 
Specimen 7-169 85-01 8495 +0-06 84:92 +0-09 86-41 
Be 17-11 83-67 84:06 —0-39 83-86 —0-19 86-26 
35°10 81°86 — _- -- — 86°18 
48:98 80-79 -- -- - — 86-27 
66-74 80-04 -- — -— — (87-03) 
77-76 79-59 = ~- —- — (87-20) 
95-39 79-19 -— -- ~- — (87-89) 
3. (V) 0-832 3-460 85-55 85-45 +010 85:52 —0-03 86-38 
11-30 8441 8452 —0-09 84:43 —0-02 86-39 
Specimen 26°77 82-60 83-43 —0-83 83:10 —0-50 86-16 
2. 35-46 81-86 = = = — 86-21 
47-43 81-04 — -- ~—- -- 86-39 
65-07 80-13 --- — — — (86-83) 
92-43 79-38 -- -- = — (87-99) 


* A., calc. and A,’, calc. are computed from equations (6) and (7) respectively. 


A, at Round Concentrations.—The values of the equivalent con- 
ductivity at round concentrations are given in Table II. Interpol- 
ation was carried out on a A-C graph drawn with a flexible spline. 


TABLE II. 
HIO, HIO, 

Cx 104. (25°). (18°). HCl. C,H,-SO,H. C,H,-SO,Na. 
1-0 _ — _ ange 86-03 
5-0 386-74 345-09 422-18 383-22 85-33 

10-0 384-38 343-28 421-12 381-95 84-57 
20-0 380-30 340-15 419-21 379-78 83-33 
30-0 376-89 337-42 417-56 378-00 82-34 
40-0 373-67 334-97 416-13 376-52 81-48 
50-0 370-76 332-79 414-87 375-33 80-80 
60-0 368-25 330-82 413-78 374-35 80-29 
70-0 365-78 328-98 412-81 373-53 79-87 
80-0 363-34 327-21 411-96 372-85 79-53 
90-0 360-96 325-54 411-19 372-29 79-26 
100-0 358-64 323-92 410-53 371-32 79-07 


The still for the preparation of equilibrium water and moderate- 
grade conductivity water described in Part III (J., 1931, 1201) 
was developed from one employed in the earlier work at the Imperial 
College, London, which was worked as a Bourdillon still (J., 1913, 
103,791). The principle of fractional distillation to yield two grades 
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of conductivity water was not realised at that time and the action 
of the early still was erratic, the conductivity of the water produced 
varying considerably from day today. My best thanks are tendered 
to Professor J. C. Philip, F.R.S., for the loan of the still used in 
the early work (J., 1929, 1476) during 1926—29. (A. I. V.) 


The authors wish to express their indebtedness to the Royal 
Society (A. I, V.), to the Chemical Society (G. H. J.), and to Imperial 
Chemical Industries for grants which have helped to defray the 
cost of this research. 

University Cottece, SournHampton. [Received, November 27th, 1931.] 





50. The Rotation Dispersion and Circular Dichroism 
of Bornylene Nitrosite. 


By StotHerp MitcHett and StanLtey B. CorMACK. 


THE interesting results which followed from a study of the blue 
nitrosites of caryophyllene and humulene (Mitchell, J., 1928, 3258 ; 
1930, 1829) made it desirable to extend this line of research. We 
turned first to other nitrosites which could be obtained in an 
optically active form, in the hope that they would show circular 
dichroism: those of bornylene, phellandrene, and zingiberene 
seemed promising, and a quantity of each was prepared. They are 
white crystalline solids which dissolve in organic solvents to give 
practically colourless solutions at room temperature. On warming, 
solutions of bornylene nitrosite develop a blue colour which deepens 
as the temperature is raised ; up to 70° no appreciable decomposition 
takes place, and the solution loses its colour again on cooling. 
Several nitroso-compounds have been found to behave in this way 
(compare Piloty, Ber., 1902, 35, 3092), the colour being attributed 
to dissociation of white double molecules into blue single ones. 
Henderson and Heilbron (J., 1911, 99, 1897) determined the mole- 
cular weight of bornylene nitrosite’ by the elevation of the boiling 
point of acetone and obtained an average value of 379. (CygH,,0;N2)o 
requires 424, so the amount of dissociation is small at 56°. The 
phellandrene and zingiberene nitrosites give solutions which, in 
comparison with those of the bornylene compound, are much less 
stable towards heat, and do not turn blue appreciably. They were 
therefore unsuitable for our work. 

A toluene solution of bornylene nitrosite was employed for 
rotation dispersion measurements at 14° and 63°. At the latter 
temperature the solution is quite blue, whilst at the former it is 
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practically colourless. The concentration (1-596 g. per 100 c.c. of 
solution at 14°) was chosen so that with a 6-cm. tube readings could 
be taken as far into the red as 6700 A.U. at the higher temperature. 
The blue solution shows circular dichroism and it was decided to 
determine what has recently been called the anisotropy factor 
(Kuhn, 7'rans. Faraday Soc., 1930, 26, 299; Z. physikal. Chem., 
1930, B, 8, 445). This factor is useful for assessing the suitability 
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6900 6500 6100 4700 5300 4900 
Wave-length, A.U. 


land 2. Rotations at 14° and 63° respectively. 
3. Absorption at 63°. 4. Ellipticity at 63°. 





Ellipticity (curve 4). 


of a circularly dichroic substance for asymmetric photochemical 
experiments. It may be defined as (x: — x,)/y, where x, %r 
and y are respectively the extinction coefficients for left-handed, 
right-handed, and ordinary light. In practice, it is determined from 
ellipticity readings and absorption measurements with ordinary 
light. In the present case these were made with the same solution 
under the same conditions so the expression given above becomes 
equal to 4 x 0-4343/log (I,/I), where + is the observed ellipticity 
expressed in radians and J,/I is the ratio of the intensity of the 
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incident to that of the emergent light. Log J,/I is read directly 
from the photometer scale. 

At 14° the solution is just beginning to absorb red light, and in 
consequence the rotation dispersion curve at this temperature shows 
a slight irregularity between 6000 and 6700 A.U. (curve 1). A 
trace of ellipticity is also present in this region, but it is too small 
to be measured with any accuracy. At 63° two absorption bands 
have developed, a weak one with its head about 6250 A.U. and a 
stronger one with its head about 6800 A.U. (curve 3). The influence 
of these bands on the rotation dispersion (curve 2) and the ellipticity 
(curve 4) is clearly seen. In the table are given the complete 
experimental data and also the calculated anisotropy factors. The 
latter are remarkably constant in the middle of the weak band. 


Temperature 63°. 





Wave- 


length, Temp. 14°. Anisotropy 

ALU. Rotation. Rotation. Ellipticity. Log J,/I. factor. 
6700 1-04° 0-38° —1-81° 1-35 —0-041 
6600 1:17 0-93 —1-59 1-20 —0-040 
6500 1-29 1-44 —1-18 0-94 —0-038 
6400 1-36 1-48 —0-80 0-74 —0-033 
6350 1-38 1-44 —0-71 0-69 —0-031 
6300 1-41 1-39 —0-69 0-65 —0-032 
6250 1-42 1-33 —0-71 0-68 —0-032 
6200 1-44 1-36 —0-66 0-63 —0-032 
6100 1-52 1-52 —0-50 0-49 —0-031 
6000 1-59 1-66 —0°37 0-33 —0-034 
5800 1-76 1-72 —0-10 0-10 —0-030 
5500 2-04 1-79 — —- _- 

5000 2-66 2-08 — — ma 


Additional absorption readings taken at 6900 and 6800 A.U. gave values for 
log I,/I of 1-05 and 1-44 respectively. 


EXPERIMENTAL. 

Preparation of Bornylene Nitrosite.—The bornylene used for the 
preparation of the nitrosite was obtained from /-borneol by the 
xanthate method of Tschugaev (Annalen, 1912, 388, 280). The 
most troublesome part of the process is the decomposition of methyl 
bornyl xanthate to bornylene. For this stage and the subsequent 
distillations over sodium, a Pyrex flask was used with a long, wide 
side-arm fitting directly into a well-cooled receiver. The distillations 
were carried out under slightly reduced pressure in order to eliminate, 
as far as possible, the nauseating odour of the sulphur by-products. 
Four distillations over sodium were necessary. The bornylene was 
then finally purified with hydrogen peroxide as described by 
Henderson and Caw (J., 1912, 101, 1416). The borneol used as 
starting material showed [«]}%,, — 37-9° (c = 11-52 in alcohol), and 
the bornylene obtained gave [«]}%,, + 22-8° (c = 7-63 in light 
petroleum). 
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The bornylene nitrosite was prepared by the method of Henderson 
and Heilbron (loc. cit.). After being crystallised several times from 
acetone, it was obtained as white silky needles, m. p. 163°. 

A pparatus.—The rotation measurements were made with a spectro- 
polarimeter constructed from a Hilger polarimeter and a Hilger 
constant-deviation spectroscope. Two symmetrical slits were fitted, 
the one next the polarising prisms having a lateral adjustment. A 
light source was required which would permit readings to be taken 
far into the red, and a 1000 c.p. Pointolite lamp was found to be 
suitable. A mercury-vapour lamp was used for calibration purposes. 
The light from the Pointolite lamp was condensed directly on the 
front slit of the spectroscope, whilst that from the mercury-vapour 
lamp came from the side and was focused on a small totally reflecting 
prism which could be moved away from the slit when not required. 

For ellipticity measurements, we used the method recently 
described by Bruhat (Bull. Soc. chim., 1930, 47, 251). This employs 
a 4/4 plate in conjunction with an ordinary Lippich polarimeter, the 
plate; mounted in a special holder, being introduced behind the 
polarising system of the instrument. The type of holder described 
by Bruhat is very suitable, but we did not fit it with a scale and 
vernier as recommended because they would have been incon- 
venient to read when a thermostat was being used with our polari- 
meter. The ellipticities under consideration do not exceed a few 
degrees, so we found it better to control the rotation of the 1/4 plate 
by an arrangement exactly similar to the analyser fine-adjustment 
and to fit both regulating screws with graduated drums. One 
division on each drum corresponded to a rotation of 0-012°. 

For all measurements, the solution was contained in a 6-cm. 
glass tube with cemented end pieces. To avoid the use of glass 
windows in the thermostat, the ends of the tube were held in brass 
sleeves which passed through rubber stoppers in the walls of the 
thermostat. Short pieces of rubber tubing, fitting over both 
sleeves and observation tube, made the arrangement water-tight. 
The thermostat temperature was controlled by a thermoregulator 
of the type described by Patterson (J. Soc. Chem. Ind., 1902, 21, 456). 

Measurements of rotation and ellipticity were made in the 
following way. The spectroscope drum was set for the desired 
wave-length and a suitable half-shadow angle chosen. Next, the 
analyser was adjusted to its zero position, the 2/4 plate (A = 5890 
A.U.) introduced, and its orientation regulated to maintain equal 
illumination in the triple field. The solution under examination 
was introduced, the 1/4 plate removed, and a determination of the 
rotation made in the usual way. The 2/4 plate was then re- 
introduced, and if the solution exhibited circular dichroism the 
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equality of the illumination was destroyed. Equality was restored 
by turning both the 1/4 plate and the analyser in the same direction 
through the same angle. This angle gives the amount of the 
ellipticity. In order to determine its sign, the simplest method is 
to examine a solution of known ellipticity in the apparatus. 
Alkaline solutions of copper d-tartrate give negative ellipticities and 
are convenient for this purpose. 

The absorption measurements were made with a Hilger—-Nutting 
photometer which was kindly lent to us by Professor E. Taylor 
Jones, of the Natural Philosophy Department of this University. 
This was employed along with the constant-deviation spectroscope 
referred to above. The polarimeter thermostat was adapted for 
use with this arrangement by fitting an additional tube for the 
solvent, This could be done easily, since the centres of the two 
apertures of the photometer were separated horizontally by 38 mm. 
A 100 c.p. Pointolite lamp was used as light source. 


In conclusion, we desire to thank the Carnegie Trust for a Re- 
search Scholarship which enabled one of us (S. B. C.) to take part in 
this work, and also the Royal Society for a grant which defrayed 
part of the cost. 


UNIVERSITY OF GLASGOW. [Received, December 15th, 1931.] 





51. Capillary Activity in Aqueous Solution. 
By Hersert Miss. . 


At the surface separating a solution from the vapour phase the 
concentration of the solute may be enriched at the expense of the 
bulk of the solution, and the excess solute so adsorbed is generally 
assumed to be determinable from Gibbs’s -equation A = — 
c/RT .dy/dce. If all the excess is present as a unimolecular layer 
at the surface, the area per molecule of adsorbed solute can be 
calculated. The areas so determined are found to approach at 
saturation the values obtained by Adam (Proc. Roy. Soc., 1921, 
et seq.) for the corresponding insoluble homologues, and upon this 
agreement the a priori assumption that the excess solute is present 
as an oriented unimolecular pure layer is presumed correct. This 
view presents a picture of adsorbed solute molecules separating at the 
surface of the solution at all concentrations from zero to bulk satur- 
ation. If such continuous separation occurs, then the graph for 
surface tension (y) plotted against concentration (c) should be a 
smooth curve becoming parallel to the axis of concentration as 
shown in Fig. 1. This is the form of curve most frequently reported. 

Materials soluble in water fall into two categories : those miscible 
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in all proportions, e.g., ethyl alcohol, and those which are only 
partially soluble and form conjugate solutions when excess is present, 
e.g., amyl alcohol. In the former case it appears unnatural that 
even adsorption should cause separation of the pure solute from 
solutions, whilst in the latter case those forces which normally hold 
a limited amount of solute in solution should at least prevent separ- 
ation of pure solute from the more dilute solutions. It is the purpose 
of the present work to offer the following picture of the process of 
adsorption in solutions containing solutes of limited solubility. 

A solution containing an adsorbed active solute has at the surface 
an aqueous layer which contains the adsorbed excess and is therefore 
more concentrated than the bulk. The concentration of this aqueous 
layer changes in the same sense as the bulk of the solution, and so 
will reach saturation earlier. After the surface layer has reached 
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maximum saturation, subsequent addition of the solute to the bulk 
of the solution will cause an additional excess of adsorbed solute 
which cannot be accommodated in the aqueous surface layer and 
will therefore separate in some other condition. The composition 
of this new layer may be that of pure solute, but is more probably 
a phase in which solute predominates, i.e., of a composition corre- 
sponding to the conjugate layer appearing when considerable excess 
of solute is present. In passing from pure solvent to a saturated 
solution, a point is reached at which further adsorption causes the 
appearance of a fresh phase, a point which should be indicated by 
an inflexion in the y-c graph as shown in Fig. 2. 

This gives a normal explanation of the effects of adsorption on the 
surface of a solution : it accounts also for the appearance of a com- 
plete layer of the conjugate solution at saturation in the body of the 
aqueous phase, since such conjugate layer has had its commencement 
some time before saturation is reached in the body and has increased 
from an attenuated film to a layer of normal density. 
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Marked inflexions in y-—c curves are not common, although if the 
above view of the surface conditions is correct they should appear 
in all cases where the solute is of limited solubility, since the com- 
mencement of a new phase considerably richer in active solute must 
produce a more rapid decrease of surface tension with concentration. 
Such inflexions have been reported, particularly with active solutes 
of slight solubility, e.g., nonoic acid (Donnan and Barker, Proc. Roy. 
Soc., 1911, 85, 557) and p-toluidine (McBain and Dubois, J. Amer. 
Chem. Soc., 1929, 51, 3534). It will be seen from the present work 
that they are also observable in solutions of amyl alcohol, valeric 
acid, and n-hexoic acid. Furthermore, although no great significance 
has hitherto been attached to the observation, log y—log c curves are 
generally known to be convex to the axes. 

With amy] alcohol, valeric acid, and n-hexoic acid, the inflexions 
here obtained are not considerable, and this may account for their 
having remained unrecognised. Slight irregularities have been 
generally disregarded because the accurate determination of the 
surface tension of capillary-active solutions was difficult in the 
absence of any method whereby to ascertain when adsorption was 
complete and final equilibrium surface tension reached. Mills and 
Robinson (J., 1931, 1629), extending Sugden’s modification of 
Jaeger’s method to very fine jets, have shown that accurate com- 
parative values may be obtained without the need of supplementary 
data and, moreover, that the progress of adsorption with time may 
be followed in the case of adsorbed solutes, so that the lowest stable 
surface tension is readily obtained at each concentration. This 
method has been used in the present research, and interesting adsorp- 
tion data have been recorded for aqueous nonoic acid solutions. 

In an attempt to determine the influence of chemical constitution 
upon capillary activity, Mills and Robinson (loc. cit.) obtained the 
following expression for aqueous solutions in which the depression 
(D) of the surface tension from that of water (in dynes/cm.) is directly 
proportional to the concentration of the solute, viz., D = 7-9 x 10-8 x 
P* x 8; P is the parachor of the solute and s is the surface concen- 
tration in g.-mols. per 1000 g. of water. The surface concentration 
8 has a corresponding bulk concentration c, and the ratio s/c will be 
termed the coefficient of adsorption of the solute under the conditions 
of the experiment. If an inflexion is apparent in the graph, it must 
occur at a bulk concentration (c), having associated with it a surface 
layer of maximum concentration S and hence the ratio S/c must be 
related to the coefficient of adsorption. This ratio at the point of 
inflexion is only a particular example of comparing a bulk concen- 
tration with its associated surface concentration : it has been found 
to approximate closely to the coefficient of adsorption. 
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EXPERIMENTAL. 


The data here presented were obtained with an apparatus similar 
to that described by Mills and Robinson (loc. cit.). The wider tube 


Fig. 3. 


Pressure (cm. H,O). 











Time between consecutive bubbles (secs.). 
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2°36 4°72 7°08 9°44 
c* x 108, 
had a radius of approximately 1 mm., and the pressure difference for 
the two jets immersed in water at 16° equalled 59-7 cm. of water. 
Table I gives the change in surface tension with time for nonoic acid 
solutions of various concentrations, and these data are plotted in 
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Fig. 3. There is an initial straight portion to each graph, and the 
constant rates of change during these periods have been determined 
from Table I and are plotted against the squares of the respective 


concentrations in Fig. 4. In Table I, for a given concentration c, 


TaB_eE I. 


Mean rate of 


P,—P, 
P,—P,. T,—T, 7, —T,' fall, cm./sec. 


> > 


0-89 


~ > 9 
S2oooe?sS 


Oss = OC 


» 
ot et O1 O11 OD Ht eH 


oooooooo 


wat et O11 O1 01 OO Ht 


ooooocoooo 


NASM oOVoo 
DDADDWOODOr 
WD 0D 00 19 16 10 19 19 
ite] 


_-_ ft oe. Fe 


i> | 


~ 
Ye) 


i> | 


an] 


1-84 


1°85 


woerne@.noo 


ee e/a, ~. & Be. 


NOS Set Oe 


HAUS POANAAN 


cee an aw hs 6 


oooooooo 


OANA Heit 


© 1914 H HOD CD 
1D 19 28 19 19 16 19 16 


OCDBDAMDON dH 


ee te Oe oe he 


mt mt ON OS 09 09 


2-68 


. 


2-75 


4-32 


a a 


a. es a 


a oe 


1 SH HOD OD 
WD 10 16 10 
ie) 

SO Oo HO 


5-64 


Rr et > Ge 


'-s~e-e © 


OwDHoOan 
WD 10 19 1) 1916 


3°15 





rMOSOONANN ~ 


._ = os 2 ese Se 


HWA oOo 


OMA WNW 


Ce & «we fC Bo 


SeSsssans 8 


~SHQODr-SSHH 
Dt Ht Hs ot 


DANAWSWDSOVNS 


Aw we es 





> 
= 


Mean rate of fall ; a 


ite BOL. ckésocceebs 
bs or 











424 MILLS: CAPILLARY ACTIVITY IN AQUEOUS SOLUTION. 


the time in seconds between consecutive bubbles is denoted by 7, 
and the surface tension of a surface of age 7’ is given in its actually 
determined form, i.e., as equivalent to so many cm. pressure of 
water, P. As an example, the data for the highest concentration 
are given in full, but for others they terminate at the point at which 
the graphs show deviation from the straight line. 

For aqueous solutions of amy] alcohol, valeric acid, n-hexoic acid, 
and nonoic acid the y-c data, from zero to the formation of the 
conjugate solution, are given in Table II. The maximum solubility 


Fic. 5. 


Surface tension, dynes/em. 











0 3 6 9 12 
Concentration, c. 
Concentration units, 
1. Nonoicacid 10= 0:001 mol. per 1000 g. water. 
» 2 n-Hezoic acid 10=0°09 ,, ww» 9 = 
3 


3. Valericacid 10=036 ,, ww» ov * 
4. Amylalcohl 10=0°39 , 4 5; 99 


of each substance in the aqueous layer was determined by diluting 
this saturated layer to half saturation, determining the surface 
tension, and referring this figure to the previously constructed y-c 
graph. Fig. 5 gives the y-c graphs for the various solutions, and Fig. 
6 the corresponding !og y—log c graphs. In the table, s is determined 
from the formula on p. 421, and the other symbols have the signi- 
ficance already ascribed to them. 


Discussion of Results. 


The adsorption data for nonoic acid presented by Mills and 
Robinson (loc. cit.) indicated an approximate proportionality 
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between the square of the concentration and the initial constant 
rate of adsorption. By selecting more dilute solutions over a 
shorter range of concentration, this relationship has been shown to 
hold more closely. It is interposed here to illustrate how the 
bubble method indicates when stable equilibrium is reached, a point 
given by the lowest value of surface tension reached on continuous 
bubbling. 

When a series of bubbles is formed at a fine jet under continuously 
diminishing pressure, each bubble removes the adsorbed layer and 
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leaves exposed a fresh surface having a bulk concentration which, 
because of the diminution in pressure owing to the air removed, has 
a longer life before it in turn is removed as the next bubble. A very 
convenient instrument is thus available for the examination of the 
change in surface tension upon the ageing of surfaces subject to 
adsorption. The rate of adsorption is frequently extremely rapid 
and the phenomenon described would require for examination in 
those cases a more highly developed technique than that suggested 
by a stop-watch and water manometer. However, in the case of 
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TABLE II. 
Solute and c at 
temp. y- &. Cc. s/e. infitn. S. S/e. 
Amyl 73-4 0-000 
alcohol 67:8 0:0181 0-0078 2-32 
at 165° 56-0 0-039 
48-0 0-078 
42-9 0-117 
39-4 0-156 
36-6 0-195 0-176 0-417 2-31 
34-0 0-234 
31-9 0-273 
30°3 0-312 
28-7 0-351 
27-1 0-390 
26-0 0-417 (saturation) 
24-3 (conjugate alcoholic layer) 
Valeric 73-5 0-000 
acid at 67-6 00-0169 0-0072 2-35 
16° 56-4 0-036 
48-8 0-072 
44-6 0-108 » 0-132 0-361 2-74 
41-2 0-144 
38°3 0-180 
36-1 0-216 
34-0 0-252 
29-7 0-361 (saturation) 
29-3 (conjugate acid layer) 
ce x 104 
y ex 104... ¢ x 10%. ae/e. atinfitn. S x10. -S/e. 
Nonoic 74-4 0 
acid at 72-9 0-624 
10° 72-3 9-08 0-833 10-9 
67-9 1-145 0-94 11 11:7 
59-3 2-290 
53-4 3-435 
49-5 4-580 
46-7 5-500 
43-3 6-870 
33-7 11-000 


29-5 (conjugate acid layer) 
The following data are due to Szyszkowski (Z. physikal. Chem., 1908, 64, 
385) : 
n-Hexoie 


acid at 
19° 


0-000 
00071 0-00212 3-04 
0-00425 
0:00641 
0-00850 
0-0128 
0-0170 
0-0212 
0-0256 0-0282 0-09 (app.) 3-2 
0-0340 
0-0425 
0-0510 
0-0680 
30-2 0-0850 
(The saturation value for n-hexoic acid is not given here, but by analogy 
with valeric and nonoic acids it should be of the order of 0-09 g.-mol. per 


1000 g. of water.) 
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nonoic acid a small solubility is associated with a large coefficient 
of adsorption, and when sufficiently dilute solutions are selected the 
rate becomes measurable. 

The results obtained indicate that here the rate of adsorption is 
constant over a considerable range, frequently to a point beyond 
half saturation of the surface, and is then directly proportional to 
the square of the concentration. 

In Fig. 5 the inflexion in the y-c graph is very marked only in the 
ease of nonoic acid, but in the other cases a change may be detected. 
The curves show no tendency to become asymptotic although the 
final surface tension in each case is but little removed from that of 
the associated conjugate layer. With the log y-—loge graphs of 
Fig. 6, the positions at which the changes occur are more clearly 
marked, for the points on either side of the change appear to lie on 
two intersecting straight lines. Table II shows that the ratio of the 
concentration at the change point to the saturation concentration 
is approximately equal to the coefficient of adsorption. The agree- 
ment is sufficiently close to justify the conception that by adsorption 
the aqueous surface layer attains saturation before the bulk, and 
that the subsequent separation and growth of the associated conjugate 
layer occurs after this point. Furthermore, the agreement implies 
that the coefficient of adsorption is constant at least up to the change 
point. Hiss (Diss., Heidelberg, 1913) obtained a depression of 
18-7 dynes/cm. for a 0-284.M-solution of amyl alcohol at the moment 
of formation of the surface, and 38-8 dynes/cm. after complete 
adsorption. Proportionality being assumed between depression 
and surface concentration, these figures give a ratio s/c = 2-07, 
which agrees with the value 2-31 determined for the adsorption 
coefficient, although the concentrations differ widely in the two 
cases. Adam (loc. cit.) found that, when insoluble materials were 
spread on water, the depression of surface tension rapidly became 
linear with the mass of material spread per unit surface. In Fig. 5, 
after the point of inflexion, the y-c graphs rapidly become linear, 
showing that in these cases also a new phase is spreading upon the 
surface of the solution. 

It is difficult completely to reconcile Gibbs’s equation A = — 
c/RT dy/de with the foregoing. This equation does not differentiate 
between a surface layer of composition which changes as the solute 
accumulates in the surface solvent, and a surface layer of constant 
composition (that of the conjugate layer) but of changing density 
due to accumulation. The equation assumes the separation of a 
phase of constant composition, erroneously considered to be pure 
solute, and so should apply only to those conditions holding after the 
change point. In this region the adsorbed excess actually separated 
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may be calculated, but to form a true estimate of the total adsorption 
there should be added to this that amount of material already 
adsorbed in the sub-adjacent saturated solvent layer. The magni- 
tude of the correction thus applied depends upon the maximum 
solubility of the solute. With aqueous nonoic acid solutions, the 
surface excesses calculated from Gibbs’s equation lie between 5 and 
7 x 10- mol. per sq. cm., whilst the minimum amount adsorbed 
in the sub-adjacent layer is approximately 5 x 10-4 mol. per sq. cm. 
even if we assume this layer to be one molecule thick. In the case 
of amyl alcohol, the calculated excesses are slightly lower but of the 
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same order as for nonoic acid, viz., 3—6 « 10- mol. per sq. cm., 
but the minimum amount adsorbed in the sub-adjacent layer is 
5 x 10 mol. per sq. cm. Thus in the verification of Gibbs’s 
equation the experimentally determined excesses in the case of 
nonoic acid should show good agreement with the calculated values, 
whereas with amyl alcohol they should be appreciably higher. 
This is usually found to be so (see Donnan and Barker, loc. cit., 
and McBain and Dubois, loc. cit.). 

Fig. 7 represents graphically the application of Gibbs’s equation 
to the y-c graphs in Fig. 5. From the calculated surface excesses, 
the areas per molecule have been determined for the solute in the 
surface and these have been plotted against the bulk concentration. 
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All the graphs in Fig. 7 are similar in character, each showing a 
maximum anda minimum. The greatest difference in area between 
any two corresponding concentrations is 15 A.?, but for the greater 
part the variation is much less. This is to be expected from the form 
of the yc curves in Fig. 5. These are plotted so that the range of 
concentration from zero to saturation covers approximately the 
same length of abscissa in each case. The slopes of the graphs are 
very similar, from which it is obvious that the calculated excesses 
must be of the same order for solutions of the same degree of satur- 
ation. This must apply to the separation of the conjugate layer 
only, since it is hardly to be expected that solutes of such differing 
solubilities and adsorbabilities would have adsorbed excesses of the 
same order. 

Although these graphs (Fig. 7) are difficult to interpret quantit- 
atively, yet they follow qualitatively the changes occurring at the 
surface. As the bulk concentration increases from zero, there is a 
continuous increase in the amount adsorbed in the aqueous surface 
layer, shown by a decrease in the area per molecule. This adsorp- 
tion proceeds to surface saturation and is followed by the commence- 
ment of actual separation of the conjugate layer. The new surface 
so originated contains only a very minute amount of separated 
solute, and so is shown by a sharp increase in the area per molecule. 
The growth of the attenuated film of constant composition is accom- 
panied by a further progressive decrease in the area per molecule, 
after the occurrence of the sharp increase. In this way both maxima 
and minima are obtained, or rather, a discontinuity appears. The 
ultimate values for the areas per molecule of solute at saturation are 
much greater than those reached by the corresponding insoluble 
homologues (Adam, loc. cit.), so that there is no real evidence here 
in favour of the separated layer being pure solute. Nonoic acid 
appears to be an exception : here the c—A curves have an inflexion 
at a value of approximately 20 A.2-and an ultimate value of 15. 
These data may be assumed to indicate an orientated layer of pure 
solute in a state of compression, but the probable explanation of this 
agreement lies in the relatively very low miscibility of nonoic acid 
and water, so that the conjugate layer separating is almost pure 
nonoic acid. 

Summary. 

1. In solutions containing active solutes of limited solubility, 
adsorption causes the growth of a layer of solvent more concentrated 
than the bulk of the solution. This layer reaches saturation before 
the bulk, and from this point onwards the associated conjugate layer 
accumulates, causing an inflexion in the y-c curve. 

2. The ratio of the maximum concentration to the bulk concen- 
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tration at the point of inflexion is equal to the ratio of any surface 
concentration, determinable from D = 7-9 x 10° x sP*, to its 
corresponding bulk concentration, and has been called the coefficient 
of adsorption for the solute concerned. It has the following mean 
values : Amy] alcohol 2-3, valeric acid 3-5, n-hexoic acid 3-1, nonoic 
acid 11-3. 

3. An explanation has been offered for the fact that the actual 
amount of solute adsorbed at the surface of a solution determined 
experimentally is frequently much greater than that indicated by 
Gibbs’s equation. 

4. A method is indicated whereby rates of adsorption may be 
determined. 

5. For nonoic acid the rate of adsorption has been found to be 
proportional to the square of the bulk concentration. 


SoutH WALES AND MONMOUTHSHIRE SCHOOL oF MINEs, 
TREFOREST, GLAMORGAN. [Received, November 14th, 1931.] 





52. Properties of Conjugated Compounds. Part 
XV. The Catalytic Hydrogenation of Butadiene- 


a-carboxylic Acids. 


By Ernest Harotp Farmer and Roserrt A. E. 
GALLEY. 


THE work of Lebedev and Yakubchik (J., 1928, 823, 2192) on the 
catalytic hydrogenation of the simple butadienoid hydrocarbons 
provided definite ground for believing that the butadienes can add 
hydrogen in all the theoretically possible ways, namely, at the 
aB-, a8-, y8-, and a8 + y8-positions in the molecule. The evidence 
was derived from the change in the rate of addition as hydrogenation 
proceeded, and although the shape of the absorption curves 
(actually absorption increment-time curves) in which the results 
are expressed might conceivably vary considerably with change in 
conditions (especially with change of temperature), there appears 
good ground for provisionally accepting the conclusion that the 
course selectively pursued during hydrogenation is traceable with 
fair accuracy in the form of the curves expressing absorption rates 
at room temperature. 

In the hydrocarbon series, direct assessment of the accuracy and 
uniqueness with which purely constitutive characteristics are 
reflected in the recorded data is difficult by chemical methods—at 
any rate by the usual degradative methods, which at present offer 
the most promising alternative to Lebedev and Yakubchik’s pro- 











i ee ee ee | ee | LO 











PROPERTIES OF CONJUGATED COMPOUNDS. PART xv. 431 


cedure. In the butadiene-«-carboxylic acid series, however, the 
process of degradative analysis offers less difficulty owing to the 
greater ease with which the oxidation fragments may be isolated : 
consequently the chemical method has been used to check the con- 
clusions derived from the absorption data. The present results 
concern only the chemical method of analysis, but it is hoped to 
compare later the conclusions reached from both methods with respect 
to the additive capacities displayed during the first half of the 
complete hydrogenation (saturation) process. 

The degradative method of analysis has been tested in the following 
instances : $-vinylacrylic acid, sorbic acid, «-methylsorbic acid, and 
83-dimethylsorbic acid. Each of these substances has been treated 
in the presence of a colloidal platinum catalyst with one molecular 
proportion of hydrogen at room temperature and atmospheric 
pressure. The proportion of the products has been determined 
partly by a purely separative procedure but mainly by resort to 
oxidation, and for the latter, experience has shown that regulated 
permanganate oxidation is more reliable and informative than 
ozonolysis in the case of unsaturated carboxylic acids. In general, 
each reduction product may contain four different reduced acids 
(geometrical isomerides being left out of consideration) and un- 
changed material ; after separation of the latter, each of the dihydro- 
acids in the residue will yield at least two fragments on oxidation, 
and these oxidation products will require separation from a quantity 
of fully reduced acid which is exactly equivalent to the amount of 
the separated unreduced acid. 

The approximate proportions of the substances obtained from 
each of the four acids are shown in the table, the prefixes denoting the 
positions of the hydrogen atoms and not those of the double bond. 


Composition of the Hydrogenation Products of Butadiene-a-carboxylic 
Acids (%)- 


f8-Di- 
a-Methyl- methyl- 


Components of B-Vinylacrylic sorbic sorbic 
reaction product. acid.t Sorbic acid. acid. acid. 
Unreduced acid ...... 31-8 43-7 26-3 26-2 
Tetrahydro-acid ...... 31-8 43-7 26-3 26-2 
af8-Dihydro-acid ...... 8-4* (O—18) 5-1# (40—55)  — (38) 
a6-Dihydro-acid ...... 0 t (82—100) ps teil 26-0* 13: 6* (62) 


y8-Dihydro-acid ...... 28-0 (0) (0) 21-4 34-0 (0) 


* These figures are obtained by difference. 

t In a recent paper by Muskat and Knapp (Ber., 1931, 64, 779) this acid 
has been described as suffering yé-addition during catalytic hydrogenation. 

¢ It is possible that a very small amount of this acid is produced, since it 
cannot be asserted that no trace of acetic acid was present in the oxidation 
product. 
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In one instance, owing to the occurrence of one of the products in 
quantity comparable in magnitude with the experimental error, it 
has not been possible to give more definite information than that 
expressed by the total of two dihydrogenation products. 

The modes of addition disclosed by these figures are radically 
different from those deduced from the results of reduction by metals 
in aqueous or alcoholic media. The figures for the latter, so far as 
they have been determined, are shown in parentheses (Evans and 
Farmer, J., 1928, 1644; Burton and Ingold, J., 1929, 2022); they 
are calculated on the basis of the material which actually suffers 
hydrogenation, and vary somewhat in accordance with the py value 
of the reducing media employed in their determination. 

The type of reaction in the catalytic hydrogenation process is 
presumably analogous to bromine or chlorine addition (so far as the 
purely chemical inter-relationships of unsaturated compound and 
addendum are concerned )—differing from these in requiring catalytic 
acceleration. The carboxyl group plays no special part -in the 
mechanism of hydrogenation, such as occurs in so-called nascent 
reduction, but the polar influence of this group contributes, in some 
measure, to the determination of additive mode, as it does during 
halogen addition to the butadiene acids (von Auwers and Heyna, 
Annalen, 1923, 434, 140; Farmer and Healey, J., 1927, 1060; 
Muskat, Becker, and Lowenstein, J. Amer. Chem. Soc., 1930, 52, 
326; Muskat and Becker, ibid., p. 812). Some idea as to the extent 
of this influence is probably to be gathered in the instances of sorbic 
acid and 8-vinylacrylic acid by comparing the percentages expressing 
the differential additive tendencies for the acids with those expressing 
the same tendencies for the corresponding hydrocarbons (piperylene 
and butadiene, respectively); the figures for the latter (50%, 
hydrogenation) can be read off from Lebedev and Yakubchik’s 
hydrogenation curves (loc. cit., pp. 2199, 2022) and are shown in the 


table below. 
Additive Mode (%). 


Additive type. Butadiene. Piperylene. 
No addition .......csecceeeees 33 32 
aByd-Addition  .........+060+. 33 32 
aé- da, AV! Wa heieen tangs 10 } 27 
ys- Ee eee Pt } 23 4 
af- PRG me pareg Sies e ¥ 9 


The detailed analysis of the figures relating to the two series of 
conjugated compounds must await the compilation of a more com- 
plete set of data. One point in connexion with the present series 
of observations is, however, specially to be noted. In halogen 
addition it is usually possible to choose conditions under which the 
formation of tetrahalogenated products is suppressed until dihalogen- 
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ation is complete : in catalytic hydrogenation, on the other hand— 
whether owing to the small atomic size of hydrogen in comparison 


' with chlorine or bromine, or for other reasons— there seems to be no 


doubt that the simultaneous, or rapidly consecutive, saturation of 
both ethylenic bonds is a characteristic and unpreventable reactivity. 


EXPERIMENTAL. 


The Hydrogenation Process and Methods of Estimation.—The 
hydrogenation vessel was a Pyrex flask shaken at the rate of 120— 
150 oscillations per minute. The catalyst consisted of 0-1 g. of the 
platinum oxide, PtO,,H,O (‘‘ Organic Syntheses,” VIII, 10, 92); 
the medium was alcoho] (200 c.c). The hydrogen supply was so 
adjusted that the rate of absorption of the well-washed gas could be 
accurately followed from minute to minute. All hydrogenations 
were conducted at atmospheric pressure. 

When reduction was complete the catalyst was coagulated and 
filtered off, and the alcohol removed under reduced pressure. The 
reaction product was distilled carefully from a bath maintained at a 
temperature a little lower than the boiling point of the conjugated 
acid in use: in this way practically all of the unchanged acid 
remained in the distilling flask. A second distillation was usually 
carried out, and the small residue of conjugated acid (if any) added 
to the first; the weight of this second residue, when deducted from 
the weight of the original distillate, gave the yield of reduction 
product. 

The liquid distillate was oxidised with 3° permanganate solution 
under suitable conditions relating to dilution, efficient stirring, and 
slow addition of permanganate. From the amount of permanganate 
decolorised at 0° a close estimate of the amount of saturated and 
ethylenic matter present could usually be made. The. oxidation 
products were recovered as completely as possible and very carefully 
fractionated. In all cases they were quite saturated towards the 
permanganate and for the greater part consisted of simple fatty acids. 
Samples from the various fractions of the distilled addition products 
were usually titrated with N /20-baryta in order to obtain the average 
molecular weight of the components of each sample. 

The estimation of the amount of oxalic acid produced during the 
oxidation of the hydrogenation product. would seem to afford a 
direct method of determining the amount of conjugated acid which 
survives oxidation; ordinarily the conjugated acid (except in the 
case of af-, wy-, or «fy-polyalkyl-acids) should give rise to one or two 
molecules of oxalic acid provided that oxidation at the ethylenic 
linkages is complete and proceeds to the customary stage for each 
fragment. Usually, however, the conjugated acid, in spite of the 

Q 
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fact that it decolorises the anticipated quantity of permanganate 
at 0° (e.g., the equivalent of 8 atoms of oxygen in the case of sorbic 
acid), fails to yield the full quantity of oxalic acid.* When A*-acids 
are produced by reduction, they, on the other hand, give nearly 
quantitative yields of oxalic acid, and the figures so obtained may be 
utilised in the estimation of the At-acids, provided that all the initial 
conjugated acid has been removed from the hydrogenation mixture. 

Pyruvic acid, obtainable from «-methylsorbic acid and its y3-addi- 
tion product, was estimated by the method of Maclean (Biochem. J., 
1913, 7,611). Being easily decomposed, it was necessary to estimate 
it in the aqueous solution immediately after the oxidation : indeed, 
its presence in the finally fractionated oxidation product could not 
be detected by either phenylhydrazine or p-nitrophenylhydrazine. 

Since in all cases exactly one molecular proportion of hydrogen 
per molecule of conjugated compound was employed, the quantity 
of unchanged acid in the reduction product should exactly equal the 
amount of acid that suffered complete saturation. Generally the 
amount of saturated material could be fairly closely calculated from 
the quantity of permanganate solution decolorised at 0° by the 
ethylenic constituents of the hydrogenation product, but in the case 
of £8-dimethylsorbic acid the oxidation products comprised inter 
alia acetoacetic acid (from the A*-dihydro-acid), which readily 
suffered further oxidation, thus increasing the amount of permangan- 
ate decolorised : in this case the amount of saturated acid actually 
isolated was of course in excess of that deduced from the quantity 
of permanganate taken up. Where the figures for the proportion 
of saturated acid (as obtained respectively by direct weighing and 
by calculation from the amount of permanganate decolorised) 
differ somewhat, the higher value is recorded in the table of 
percentages. 

Hydrogenation of Sorbic Acid.—Eapt. 1. From 5-6 g. of sorbic 
acid, 2-2 g. (39:3%) of unchanged acid were recovered. The 
distillate (see above) was oxidised and the following acids were 
identified qualitatively : acetic, propionic, butyric, hexoic, and 
oxalic. This indicated that the following types of addition had 
occurred : af, «3, y8, and afys. A small amount of succinic acid 
was isolated in a subsequent experiment, so completing the number 
of degradation products which could normally arise. 

* The nature of the products actually obtained has not been discovered, 
but the whole question of the hydroxylation of conjugated compounds by 
permanganate and similar reagents is at present under investigation. 

+ Acetic acid could be formed from 4y-dihydrosorbic acid (af-addition) and 
also from the malonic acid to be expected from 48-dihydrosorbic acid (aé- 
addition). Succinic acid could arise only from the product of af-addition, 
t.e., from the 4y-dihydro-acid. 
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Expt. 2. From 11-2 g. of sorbic acid employed, the unchanged 
acid amounted to 4-8 g. (41-7%) and a sample (3-4 g.) of the distillate 
took up an amount of permanganate corresponding to the presence 
of 0-7 g. of hexenoic acid; from these figures the amount of sorbic 
acid converted into hexoic acid was 4-9 g. (43-7%).. Fractionation 
of the oxidation products yielded the portions (i) 0-1 g. of acid, b. p. 
below 75°/12—14 mm., (ii) 0-3 g., b. p. 75—82°/12—14 mm., and 
(iii) 1-0 g., b. p. 88—103°/12—14 mm. _ Distillation of the remaining 
material was discontinued because oxalic acid began to separate in 
the distilling flask. The average molecular weights of the portions 
(i), (ii), and (iii) were determined by titration : for (i) the value MV, 69 
was found, indicating that approximately 50% of acetic acid and 
50% of propionic acid were present; (ii) consisted of butyric acid 
(Found: M, 87. Cale.: M, 88); (iii) consisted of slightly impure 
hexoic acid (Found: M, 110. Calc.: M, 116). The undistilled 
residue was washed into a dish and kept in a vacuum desiccator for 
several days. The solid which separated was pure oxalic acid, 
which was estimated in the usual way by titration of a hot acidified 
solution of the residue with N/10-permanganate. The cooled 
oxidation liquor was thoroughly extracted with ether and from the 
extract a minute quantity of slightly impure succinic acid (identity 
confirmed by comparison with an authentic specimen) was isolated. 
The oxalic acid content of the oxidation product was 0-36 g., corre- 
sponding to 7:5% of the y8-addition product; the amount of 
succinic acid was too small and its method of isolation too imperfect 
to warrant the quoting of a definite percentage yield. 

Expt. 3. From 5-6 g. of sorbic acid submitted to hydrogenation, 
the recovered acid amounted to 2-3 g. (41-:1%). 

Expt. 4. In this experiment, in which 5-6 g. of sorbic acid were 
initially employed, the oxalic acid produced: by oxidation was 
precipitated as the barium salt. Owing to the incompleteness of 
formation of oxalic acid, however, the yield of the salt gave no true 
indication of the percentage of conjugated acid. The portion of the 
oxidation product consisting of fatty acids was obtained in good yield 
and was divided into the fractions : (i) 0-2 g., b. p. below 75°/13 mm., 
(ii) 0-3 g., b. p. 75—82°/13 mm. (M, 89); (iii) 1-9g., b. p. 88—104°/13> 
mm. (M, 112-5). There was a very small gummy residue. The 
values of M obtained for (ii) and (iii) corresponded so closely to the 
molecular weights of butyric and hexoic acids that a fairly complete 
separation seemed to have been obtained. 

The figures obtained in Expts. 1—4 form the basis of the table of 
percentage composition given on p. 431. 

Hydrogenation of «-Methylsorbic Acid —Expt. 1. 12-6 G. of the 
acid gave, after hydrogenation, 3-0.g. of unchanged acid and a 
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liquid acid mixture. A known weight of the latter was carefully 
oxidised with permanganate at 0° in order to estimate the percentage 
of methylhexenoic acids present and thence to calculate the amount 
of methylhexoic acid present. It was estimated in this way that the 
hydrogenation product contained 3-3 g. (26-4%,) of saturated acid. 
The residual acid mixture was distilled and three fractions were 
collected : (i) 1 g. of acid, b. p. below 75°/12—14 mm. (Found: M, 
80-1), which undoubtedly consisted of propionic and butyric acids 
with possibly some acetic acid, (ii) 1-1 g., b. p. 75—82°/12—14 mm. 
(Found : M, 89-7), which was almost pure butyric acid, and (iii) 
1-1 g., b. p. 80—108°/12—14 mm. (Found : M, 110), which consisted 
largely of «-methylhexoic acid but contained some butyric acid. 
There was a small gummy residue after distillation. The pyruvic 
acid formed had decomposed and was not identified in this experiment. 

Expt. 2. 63 G. of acid yielded after hydrogenation 1-55 g. 
(24-2%) of unchanged acid and a product which was estimated (by 
permanganate oxidation) to contain 1-7 g. (26-1%) of fully reduced 
acid. Pyruvic acid was not identified. 

Expt. 3. 6-3 G. of the acid, after hydrogenation, were oxidised 
with permanganate without previous distillation. The filtered 
reaction mixture readily yielded the phenylhydrazone of pyruvie 
acid (m. p. 178°; mixed m. p. 177—179°) on treatment with phenyl- 
hydrazine acetate. The amount of pyruvic acid present in an 
aliquot part of the mixture was estimated by the method of Maclean 
(loc. cit.), and the oxalic acid contained in the remainder was pre- 
cipitated as its barium salt. The pyruvic acid content of the 
oxidised hydrogenation product as thus estimated was 2-1 g., 
corresponding to a total proportion of unchanged acid and y8-di- 
hydrogenated acid (both substances being potential sources of 
pyruvic acid) of 47-7%. By difference between this figure and the 
percentage of fully saturated acid present, the proportion of 8-di- 
hydro-acid formed during hydrogenation was found to be 21-4%. 
This figure expresses, of course, only a lower limit, but there is no 
reason to suppose that it is seriously: in deficit of the true figure. 

The mother-liquor from which the barium oxalate had been 
precipitated yielded a mixture of liquid acids which gave the 
fractions : (i) 1-3 g., b. p. below 75°/12—14 mm., which consisted of 
a mixture of propionic acid and acetic acid (Found: M, 70-8) 
apparently in the proportion of 77% of the former and 23%, of the 
latter, (ii) 0-8 g., b. p. 75—83°/12—14 mm., consisting of almost 
pure butyric acid (Found : M, 89-7. Calc. : M, 88), and (iii) 1-0 g., 
b. p. 90—108°/12—14 mm. (Found: M, 130:1. Cale.: M, 132), 
consisting of almost pure «-methylhexoic acid. No methylsuccinic 
acid could be isolated by the method used previously for succinic acid 
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and therefore no, or only an insignificant amount of, «8-hydrogenated 
product had been formed. The approximate composition of the 
hydrogenation mixture deduced from these figures is shown on 
p. 431. It should be noted that the proportion of propionic acid 
(77%) in the propionic acid—acetic acid mixture (as estimated from 
the basicity) would correspond to the occurrence of «3-dihydrogen- 
ation of the original acid to the extent of 20%, provided the whole 
of the methylmalonic acid which would be expected as the com- 
plementary oxidation product of propionic acid suffered conversion 
into propionic acid. 

Hydrogenation of 88-Dimethylsorbic Acid.—Expt. 1. 7:0 G. of the 
acid gave, after hydrogenation, 1-86 g. (26-2%) of unchanged acid. 
From the amount of permanganate required to oxidise the hexenoic 
acids produced, it was estimated that 1-6:g. (22-6%) of the original 
acid had been reduced to 68-dimethylhexoic acid. The permanganate 
oxidation resulted in the formation of a strongly-smelling ketone 
and (presumably) acetoacetic acid. The latter, however, did not 
withstand further oxidation to acetic and oxalic acids : consequently 
the quantity of permanganate decolorised afforded no reliable guide 
to the proportion of hexenoic acids, and therefore hexoic acid, 
originally present. The ketone was removed by steam distillation 
and shown to be methy] sec.-butyl ketone; it-was free from acetone, 
and its semicarbazone melted at 134° (mixed m. p. with a specimen 
derived by the reduction of mesityl oxide, 133—134°). 

The remaining portion of the oxidation product was worked up in 
the usua] way and distilled. Three fractions were collected : (i) 
0-2 g. of an acid, b. p. below 75°/12—14 mm., (ii) 0-35 g., b. p. 78— 
86°/12—14 mm., which was somewhat impure isobutyric acid, and 
(iii) 0-6 g., b. p. 88—110°/12—14 mm., which was almost pure 
§3-dimethylhexoic acid (Found: M, 140. Cale.:\ M, 144). Of 
other theoretically possible products, a little acetic acid was present 
but neither acetone nor methylsuccinic acid could be detected in 
even small proportion. 

Expt.2. The hydrogenation product from 0-7 g. of the acid was 
oxidised without previous distillation, and the oxalic acid precipit- 
ated as the barium salt, after removal of the methy] sec.-butyl ketone 
which had been formed, by steam distillation. The amount of 
ketone obtained was 1-7 g., representing a 34% yield of the y3-di- 
hydro-acid. The estimation of the oxalic acid formed by the 
oxidation of the unsaturated acids proved again to be unreliable as a 
guide to the combined amounts of unchanged acid and y8-dihydro- 
acid present. The product was fractionated as before, giving (i) 
0-2 g., b. p. below 75°/12—14 mm., which. consisted of acetic acid 
and some isobutyric acid (Found: M, 66), (ii) 0-4 g. of isobutyric 








438 PROPERTIES OF CONJUGATED COMPOUNDS. PART XV. 


acid, b. p. 75—85°/12—14 mm. (Found: M, 86. Calc. : M, 88), 
and (iii) 0-9 g., b. p. 88—110°/12—14 mm., consisting of 88-dimethyl- 
hexoic acid (Found: M, 140. Calce.: M, 144). The deduced 
percentage composition of the hydrogenation mixture is shown 
on p. 431. 

Hydrogenation of 8-Vinylacrylic Acid.—Expt. 1. 4-9G. of the acid, 
dissolved in 150 c.c. of alcohol, were submitted to reduction. The 
unchanged acid was separated from the more volatile products by 
slow distillation as before, but in this case it invariably polymerised 
during the distillation; the polymerised acid, which retained a little 
of the reduced material, amounted to 1:9 g. A portion (2-75 g.) of 
the distillate was oxidised with permanganate and the following 
acids were isolated : propionic, oxalic, valeric, and succinic. From 
the quantity of permanganate decolorised at 0°, it was estimated that 
the amount of saturated material (valeric acid) formed during the 
hydrogenation was 1-6 g., accounting for 32-5% of the conjugated 
acid initially employed.. The percentage of unchanged vinylacrylic 
acid would then be 32:5%. Titration of an aliquot part of the 
acidified permanganate oxidation product with N/10-permanganate 
at 60° indicated an oxalic acid content of 1-2 g. for the whole of the 
oxidation product; this corresponds to a content of 1-3 g. of 
As-pentenoic acid in the hydrogenation product and shows that 
27-5% of the conjugated acid suffered y3-addition of hydrogen. 

The oxidation product on distillation gave the fractions : (i) 0-4 g. 
of impure propionic acid, b. p. 65—75°/13—15 mm. (Found : M, 80. 
Cale. : M, 74), and (ii) 1-1 g. of valeric acid, b. p. 86—88°/13—15 
mm. (Found: M, 102. Cale.: M, 102). A small gummy residue 
remained from which crystals of oxalic acid separated. This was 
dissolved in water, filtered, and freed from oxalic acid by oxidising 
the latter at 60° with permanganate. From the oxidation liquor, 
a small quantity of succinic acid (identity confirmed by comparison 
with an authentic specimen) was isolated. 

The presence of acetic acid amongst the oxidation products could 
not be recognised in any experiment. The identification, however, 
of a small amount of this acid when contained in a comparatively 
large amount of propionic acid would of course be difficult and 
consequently it is quite possible that the hydrogenation product 
contained a small proportion of «8-dihydrogenated material. 

Expt. 2. 49 G. of the acid yielded, after hydrogenation and 
distillation, 1-8 g. of polymerised vinylacrylic acid. By oxidising 
1-88 g. of the distillate with permanganate at 0°, the total amount 
of saturated material was calculated to be 1-5 g., corresponding to 
31% of the original acid. The proportion of conjugated acid which 
escaped hydrogenation would then also be 31%. Titration of an 
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aliquot part of the acidified permanganate oxidation liquor at 60° 
with NV /10-permanganate showed that the whole oxidation product 
contained 0-7 g. of oxalic acid, which corresponds to the formation 
of A*-pentenoic acid (y8-hydrogenation product) from the con- 
jugated acid to the extent of 28-5%. 

Fractionation of the oxidation product gave the fractions (i) 0-3 g. 
of crude propionic acid, b. p. 60—75°/12—14 mm. (Found: MM, 82. 
Cale. : M, 74), and (ii) 0-7 g. of valeric acid, b. p. 86—90°/12—14 
mm. (Found: M,106. Cale.: M, 102). 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpvon, 8.W. 7. [Received, December lst, 1931.] 





53. Nitro-derivatives of Dehydrodivanillin. 
By Joun Masson GuLLAND and GERALD UERN Hopton. 


In connexion with other investigations, it became necessary to 
study the nitration of derivatives of dehydrodivanillin (I), and more 
especially to obtain 2 : 2’-dinitrodehydrodivanillin dimethyl ether 
(II). By nitrating dehydrodivanillin dimethyl ether, Elbs and 
Lerch (J. pr. Chem., 1916, 93, 1) obtained a compound, m. p. 242°, 
which was not analysed. They regarded this as having the con- 
stitution (II) by analogy with their conversion of diacetyldehydro- 
divanillin into a dinitro-derivative, which was believed to be the 
2 : 2’-dinitrodiacetyldehydrodivanillin (IIT). 

On reinvestigating the nitration of dehydrodivanillin dimethyl 
ether with mixed nitric and sulphuric acids, we find that the com- 
pound, m. p. 242°, contains no aldehydo-groups, and is in reality 
2:3: 2’: 3’-tetranitro-5 : 6 : 5’ : 6’ - tetramethoxydiphenyl (IV). 
Elimination of aldehydo-groups is the first result of the reaction, as 
was shown by the conversion of dehydrodivanillin dimethyl ether 
into 3 : 3'-dinitro-5 : 6 : 5’ : 6’-tetramethoxydiphenyl (V) by means of 
cold concentrated nitric acid. The positions assigned to the nitro- 
groups in (IV) are selected partly on account of the 5-substitution of 
4-substituted catechol ethers, and partly on account. of the pro- 
nounced violet fluorescence exhibited by benzene solutions of 
5:6: 5’ : 6’ - tetramethoxydiphenyl - 2 : 3 : 2’ : 3’ - bisphenanthraphen - 
azine, which is obtained by reduction of the tetranitro-compound 
(IV) and condensation of the resulting tetra-amino-derivative with 
phenanthraquinone. This phenazine is therefore to be regarded as a 
2: 3-catechol ether, rather than a | : 2-derivative (compare Jones 
and Robinson, J., 1917, 114, 910). Confirmation is thus obtained 
that dehydrodivanillin has the structure (I) assigned to it by Elbs 
and Lerch on other evidence, which is now untenable (see below). 
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By nitrating diacetyldehydrodivanillin with mixed sulphuric and 
fuming nitric acids, we have obtained an aldehydic dinitro-com- 
pound, thus confirming the work of Elbs and Lerch, but the use of 
fuming nitric acid alone gave an increased yield of a purer product. 
Elbs and Lerch regarded this product as the 2 : 2’-dinitro-derivative, 
and based their allocation of the diphenyl linkage on this assumption. 
It seems rational to assume, however, that it is 4 : 4’-dinitrodiacetyl- 
dehydrodivanillin (V1), by analogy with the nitration of acetvanillin, 
in which 2-nitroacetvanillin (X) is formed, and not the 6-nitro- 
derivative (Pschorr and Sumuleanu, Ber., 1899, 32, 3405). Con- 
firmation of this view was obtained in the following way. Alkaline 
hydrolysis of (VI) yielded 4 : 4’-dinitrodehydrodivanillin, which was 
converted into 4 : 4’-dinitrodehydrodivanillin dimethyl ether (VII) by 
methylation. When this substance was nitrated with mixed sulphuric 
and nitric acids at 50°, it yielded 2:3:4: 3’ : 4’-pentanitro- 
5:6: 5’: 6’-tetramethoxydiphenyl (VIII), but at 0° the product was 
3:4:3': 4'-tetranitro-5 : 6: 5’ : 6'-tetramethoxrydiphenyl (IX), which 
was different from the isomeric substance (IV). 


CHO CH és NO CHO 
KA 2 NO 
MeO , } Me sok) ae 
OR Me Me 
(1.) R = H. (IV.) NO, in 2: 2’. 
(II.) R = Me; NO, in 2: 2’. (V.) as written. 
(III.) R = Ac; NO, in 2: 2’. (VIL. ) NO, in 2:4: 4’. 
(VI.) R= Ae; NO, in 4: 4. (IX.) NO, in :: 4’. 
(VII.) R = Me; NO, in 4:4’. 


EXPERIMENTAL, 


Dehydrodivanillin Monomethyl Ether. —Dehydrodivanillin, obtained 
by the oxidation of vanillin with potassium persulphate as described 
by Elbs and Lerch, is sparingly soluble in the usual organic solvents, 
but erystallises easily from anisole in long ‘needles, m. p. 312° 
[Found: C, 63-8; H, 4-9; OMe, 20-6. Cale. for C,,H,O,(OMe), : 
C, 63-6; H, 4:6; 20Me, 20-5%]. Elbs and Lerch give m. p. 305°. 

Methylation with methyl! sulphate and alkali yielded the dimethyl 
ether almost quantitatively, but on some occasions the alkaline 
filtrate contained the monomethy] ether. This filtrate was treated 
with charcoal, acidified, and the solid dissolved in hot alcohol, in 
which traces of unchanged dehydrodivanillin remained undissolved. 
Dehydrodivanillin monomethyl ether separated from the cold alcoholic 
solution, and, after further purification by. crystallisation or con- 
version into the bisulphite compound and regeneration, formed 
colourless needles, m. p. 196° (Found: ©, 64-6; H, 5-2. Cy7H4,0, 
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requires C, 64-6; H, 5-1%). It dissolved in sodium hydroxide and 
carbonate solutions and in concentrated ammonia, and was pre- 
eipitated unchanged by acids. With alcoholic ferric chloride a 
brownish-green colour was developed. The constitution was con- 
firmed by methylation to the dimethyl] ether. 

Nitration of Dehydrodivanillin Dimethyl Ether —(A) In concen- 
trated nitric acid. Dehydrodivanillin dimethyl ether (4 g.) was 
dissolved in cold nitric acid (d 1-42; 50 c.c.), considerable efferves- 
cence oceutring. The mixture was poured into water, and’ the 
product collected and triturated with warm sodium hydrogen 
sulphite solution to remove traces of aldehydic material. The 
greater part of the product was insoluble, and after being washed 
with water, was crystallised from acetone (charcoal). 3 : 3’-Dinitro- 
5:6: 5’ : 6'-tetramethoxydiphenyl formed. colourless needles, m. p. 
215°, which were sparingly soluble in alcohol, acetone, benzene, and 
ether, but dissolved more readily in chloroform, acetic acid, and 
ethyl acetate (Found: C, 52-7; H, 4:3..C,,.H,,0,N, requires C, 
52-7; H, 44%). It did not react with semicarbazide. It was not 
possible to isolate any homogeneous aldehydic substance from the 
bisulphite solution (above). 

(B) In mixed fuming nitric and concentrated sulphuric acids. An 
unsuccessful attempt was made to follow the details given by Elbs 
and Lerch in which nitration was effected at '— 10°.. The product 
was tarry, and yielded no recognisable substances. The following 
procedure, however, was satisfactory. 

Dehydrodivanillin dimethyl ether (5 g.) was added gradually to a 
mechanically stirred mixture of nitric acid (d 1-5; 30 g.) and con- 
centrated sulphuric acid (30 g.) maintained at — 18°. The thick 
red liquid was poured into ice-water, and the precipitate collected, 
washed, dried, and crystallised twice from glacial acetic acid. 
2:3: 2':3'- Tetranitro - 5:6: 5’ : 6’ - tetramethoxydiphenyl formed 
coarse yellow prisms (2 g.), m. p. 242°, which were sparingly 
soluble in ethyl alcohol (Found: N, 12:5. C,,H,40,,N, requires 
N, 12:3%). 

5: 6:5’: 6’ - Tetramethoxydiphenyl - 2 : 3 : 2' : 3’ - bisphenanthra - 
phenazine.—The preceding tetranitro-compound was reduced in 
alcoholic-aqueous hydrochloric acid by means of zinc dust, the 
alcohol evaporated, and an excess of sodium acetate added. When 
this solution was mixed with a concentrated solution of phenanthra- 
quinone in hot aqueous sodium hydrogen sulphite and the mixture 
was heated in the water-bath for a few minutes,-a dull yellow, 
flocculent precipitate of the phenazine separated. It crystallised 
from acetone (charcoal) in yellow bipyramids which remained 
— on being heated to 300° (Found: N, 8-1. C,gH5,0,N, 

Q 
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requires N, 83°). This substance dissolved readily in benzene, and 
the almost colourless solution exhibited a strong violet fluorescence. 

4: 4'-Dinitrodiacetyldehydrodivanillin.—Diacetyldehydrodivanillin 
(Elbs and Lerch, loc. cit.; 5 g.) was added gradually to nitric acid 
(d 1-5; 40 c.c.) stirred mechanically and maintained at — 18°. The 
clear red liquid was poured into ice-water, and the light yellow, 
voluminous precipitate collected, dried, and crystallised from 
alcohol. 4: 4’-Dinitrodiacetyldehydrodivanillin (2 g.) formed colour- 
less needles, m. p. 85—90°. Elbs and Lerch also record 90° as the 
m. p., and the lowness of this figure, unexpected in the case of a 
substance of this composition, is‘now shown to be due to the presence 
of 2-5 mols. of alcohol of crystallisation which the compound lost at 
100° without melting, the m. p. then rising to 168—169°. When 
recrystallised from benzene, 4°: 4’-dinitrodiacetyldehydrodivanillin 
had m. p. 168—169° (Found: N, 5-8. C,H,,0,.N, requires 
N, 5-9%). 

4: 4’-Dinitrodehydrodivanillin was obtained by dissolving the 
diacetyl derivative in hot 2N-sodium hydroxide, acidifying the hot 
solution with hydrochloric acid, and heating the mixture on the 
water-bath to coagulate the precipitate. This substance was readily 
soluble in methyl and ethyl alcohols, acetone, ethyl acetate, and hot 
acetic acid, but very sparingly soluble in benzene, toluene, carbon 
tetrachloride, and water. It crystallised from benzene-acetic acid 
in spherical clumps of microscopic yellow needles, m. p. 230° 
(decomp.) (Found: N, 7-4. C,gH;,0,)N, requires N, 7-1%). 

4: 4'-Dinitrodehydrodivanillin dimethyl ether was prepared by the 
gradual addition of methyl sulphate to a vigorously stirred, alkaline 
solution of 4: 4’-dinitrodehydrodivanillin at 100°. The solution 
became pale yellow, and when cold, the product was collected, dried, 
and crystallised from benzene, from which it separated in fine 
colourless needles, m. p. 176—177° (Found: N, 66. C,gH,,0;)N, 
requires N, 6-7%). 

2:3:4:3':4'-Pentanitro-5: 6: 5’ : 6’ - tetramethoxydiphenyl. — 
4 : 4'-Dinitrodehydrodivanillin dimethyl ether (106 mg.) was added 
to 2 c.c. of a mixture consisting of nitric acid (d 1-48; 5 c.c.) and 
concentrated sulphuric acid (2 c.c.). Vigorous effervescence 
occurred, accompanied by a rise in temperature. When the solution 
began to cool, the mixture was warmed to 50° for 1 minute, cooled, 
and mixed with water. The solid was collected, washed with water, 
and dilute sodium carbonate solution (no red coloration), and heated 
with concentrated aqueous sodium hydrogen sulphite. The solid 
became oily, then hardened, and was collected and crystallised from 
alcohol. _ Pentanitrotetramethoxydiphenyl formed stout yellow prisms, 
m. p. 175° [Found : C, 37-3,-37:3; H, 2-6, 2-6; N, 140; OMe, 24-0. 
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C,,HO,)N (OMe), requires C, 38-5; H, 2-6; N, 14:0; 40Me, 24:8%]. 
A mixture with 4: 4’-dinitrodehydrodivanillin dimethyl ether 
melted at 145—150°. 

3:4:3':4'- Tetranitro-5 : 6: 5’ : 6’ -tetramethoxydiphenyl.—4 : 4’ - 
Dinitrodehydrodivanillin dimethyl ether (25 mg.) was dissolved in 
an ice-cold mixture of nitric acid (d 1-48; 0-5 c.c.) and concentrated 
sulphuric acid (0-2 c.c.). When the evolution of gas had ceased, the 
mixture was poured into water, and the solid was collected, washed 
with water, sodium carbonate solution (no red coloration), and hot 
sodium hydrogen sulphite solution, and crystallised from alcohol. 
3:4:3':4'- Tetranitro-5 : 6:5’ : 6'-tetramethoxrydiphenyl formed 
cream-coloured columns, m. p. 197° (Found: N, 12-8. C,,H,,0;.N, 
requires N, 12-3%). The amount of this substance at our disposal 
was unfortunately insufficient for more than this nitrogen estimation, 
and we are not in a position to prepare a further supply. The 
constitution of this substance cannot therefore be established with 
certainty, but a consideration of its properties and those of the 
pentanitro-compound (above), taken in conjunction with their 
modes of formation, leaves little doubt that the constitution assigned 
is correct. 


THE Dyson PERRINS LABORATORY, 
OxFoRD. [ Received, December 9th, 1931.]} 





54. The Chemistry of the Three-carbon System. 
Part XXVIII. Nitriles of Butenoic and Hexenoic 
Acids. A Note on the Analysis of Unsaturated 
Nitriles by Halogen Addition. 


By Ratex Arruur Lercu and Reginatp Parrick LinsTeap. 


In a previous investigation (Kandiah and Linstead, J., 1929, 2139) 
it was shown that the purity of «$- and #y-unsaturated nitriles and 
the composition of mixtures of such isomerides could be estimated 
with some accuracy by iodometric analysis, and by applying this 
method the following general relationships were found to hold: 
(1) Dehydration of the amides of «$- and #y-unsaturated acids yields 
the corresponding nitriles without migration of the double bond 
(compare von Auwers, Annalen, 1923, 432, 46), (2) decarboxylation 
of a$-unsaturated cyano-acids (1) yields pure #y-nitriles (II), in 
agreement with previous workers (references in the earlier paper), 
(3) «- and fy-nitriles (III and II) are smoothly interconverted by 
cold alcoholic sodium ethoxide with the formation of an equilibrium 
mixture, and the reactions (preparation, alkylation. addition) 
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involving the use of this medium are readily understandable in the 
light of this fact. 


’ ~~ -CN _ heat . , _ NaOEt 
R’R'CH-CH:C<g yp —> B’R"CCH-CH,CN = 
(I.) . (I1.) 
R’R’CH-CH:CH-CN R’R’CH-CH,-CH(OH)-CN 
(III.) (IV.) 


This early work was carried out exclusively with $-alkylated 
nitriles and in some cases with those with an additional «-substi- 
tuent. A study has now been made of the effect of y-alkylation, 
which has been shown (J., 1929, 2498, et seq.) to have a striking 
influence on three-carbon equilibria. For this purpose the buteno- 
nitriles (III and II; R’, R’’ = H, H), the n-hexenonitriles (R’ = Et, 
R” = H), and the isohexenonitriles (R’, R’’ = Me, Me) were examined. 
The standard preparative methods were again used and a compar- 
ative study was made of the products obtained by dehydration of 
the corresponding cyanohydrins (IV), a reaction which has been 
extensively used in recent years by Bruylants and his school. The 
properties of the products are given in detail in the experimental 
section and in summary in Tables I, II, and ITT. 


TABLE I. 
n-Hexenonitriles ([R,]p calc., 29-26). 
Pro- Ob- 
Method. n.* d.* [Rilp. J.t duct. server.f 
Dehydration 
of aB-amide ............ 1-4379 0-8274 30:16 0-4 ap L.L. 
of n-valeraldehyde 
cyanohydrin ......... 1-4323 0°8271 29-82 23-2 Mixture L.L. 
of By-amide ......+..++. 1-430L 0-8381 29-28 47-0 By L.L. 
of hydrosorbamide ... 1:4322 0-841 -— — By+yi A. 
Decarboxylation 
of cyano-acid ............ 1-4296 0-8364 29-30 45-0 By L.L. 


* n&, d® throughout this paper, unless otherwise stated. 


t J, % Iodine addition under the conditions given on p. 448. 
{ Full references at foot of Table III. 


The amide used for the preparation of the Py-nitrile was obtained 
from the pure A®-n-hexenoic acid of Boxer and Linstead (J., 1931, 
740) through the acid chloride, and melted at 86°. The amide of 
m. p. 60° used by von Auwers (loc. cit.) for the same purpose had 
been prepared from hydrosorbic acid and undoubtedly contained 
some Ay-hexenoamide (compare Eccott and Linstead, J., 1929, 
2153). Philippi and Galter (Monatsh., 1929, 51, 253) state that 
methyl hydrosorbate is converted by ammonia into an amide of 
m. p. 75°. In general, their work indicates that y3-esters are much 
less readily converted into amides than are @y-esters and it is 
therefore quite possible that their amide was largely Py. 
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TaBie II. 
isoHexenonitriles ([R;]p cale., 29-26). 
Pro- Ob- 
Method. n. d. [Rijp. J. duct. server. 
Dehydration 
of isovaleraldehyde 
eyanohydrin ...... a 0-8268'° 3  — — Mixture H. 
of aB-amide ............ 1:43427%. 0-823 pas aie ap A. 
of aB-amide ............ 1-4337 0-8179 30:24 =13 aB L.L. 
of By-amide .....,...... 1-4354 0-8547 29:26 . 74-0 By L.L. 
Decarboxylation 
of cyano-acid ......... 1-4874 0-855 -— a By A. 
of cyano-acid .....,... 14352. 0-8511 29-16, 78-0 By L.L, 


Dehydration of isovaleraldehyde cyanohydrin gave a product of 
indefinite boiling point, a typical fraction of which had the following 
properties : n 1-4314, d 0-8215, J 13-6%. While this work was in 
progress, Bruylants and Minetti (Bull. Acad. roy. Belg., 1930, 16, 
1116) described a study of the same reaction, which yielded very 
similar results (¢e.g., their main upper fraction had n 1-4362, d 0-8249, 
J 83%), and it is clear that the bulk of the product is a mixture of 
trans-a8-, and some fy-nitrile. Bruylants and Minetti isolated a 
low-boiling cis-form of the «-nitrile and the existence of this was 
also indicated by the physical properties of our low-boiling fractions. 


Tasre III. 
Butenonitriles ([R;]p calc., 20-02). 
Pro- Ob- 
Method. n. d. [Rzlp. J. duct. server. 
CuCN and 
allyl bromide ......... 1:4060 0-8341 — -- By B. 
allyl bromide ......... 1-406 0-836 -—— — as A. 
allyl bromide ......... 1-4048 0-8351 19:96 61-9 os L.L. 
allyl aleohol............ 1-4073'° 0-841895% 19-91 63-85  ,, L.L. 
Dehydration 
of aB-amide ............ 1-424914" 0-824 _ — — of A, 
of aB-amide ............ 1-4217 0-8242 20-64 0-6 we L.L. 
of cyanohydrin ...... 1-4169 -- -— — Mixture B. 
of cyanohydrin ...... 1-4170 —_ — 12-0 mt L.L. 
Decarboxylation 
of cyano-acid ......... 1-4156 0-822 -- — Mixture A. 
of cyano-acid ......... -- = — 1-7 Mainly L.L. 
‘ a 


References: A., von Auwers, loc, cit: and Ber,, 1923, 56,1172. B., Bruy- 
lants, Bull. Soc. chim. Belg., 1922, $1, 175. H., Henry, Bull. Acad. roy. Belg., 
1898, 36, 22. L.L., present work, 


The iodometrice analysis of the butenonitriles fully confirms the 
structures assigned to them on the chemical evidence of Bruylants 
and the spectrochemical work of von Auwers. The properties of 
crotononitrile prepared by us from (trans-)crotonamide are in almost 
exact agreement with those given by Bruylants for the pure trans- 
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nitrile (n 1-4216, d 0-8239). In our hands the method of Breckpot 
(Bull. Soc. chim. Belg., 1930, 39, 462) gave A*-butenonitrile of 
slightly greater purity than did the original Henry—Bruylants 
reaction. 

This examination of the usual methods available for the prepar- 
ation of unsaturated nitriles confirms the correctness of the views 
already expressed as to their usefulness. A not unexpected exception 
to the rule that decarboxylation of «$-cyano-acids occurs with 
quantitative displacement of the double bond to the fy-position is 
provided by «-cyanocrotonic acid (I; R’R’’ = HH), which gives a 
largely «$-product. It is of interest that dehydration of trans- 
«$-amides yields in all cases homogeneous nitriles, whereas dehydr- 
ation of cyanohydrins yields mixtures of the ®y- and stereoisomeric 
forms of the corresponding «$-nitriles and is unsuited for the prepar- 
ation of pure material. Clearly, this is connected with the fact that 
in the former reaction only the functional group participates, whereas 
in the latter the double bond is formed under conditions tending 
to lability. 

Tautomeric Changes.—(1) Alkali. Both the n- and the iso-hexeno- 
nitrile very readily underwent interconversion when treated with 
alcoholic sodium ethoxide at 25°. Prolonged treatment with the 
reagent yielded additive compounds (compare Bruylants, Bull. 
Soc. chim. Belg., 1922, 31, 225). The mobility and position of equili- 
brium, determined for each series by Kon and Linstead’s method (J., 
1929, 1269), are given below : 


Equilibrium, Mobility, Half-change period 
Nitriles. % af. (k, + k,) x 10%. (approx.), mins. 
n-Hexenoic ......... 86 930 7 
isoHexenoic ......... 21 170 33 


Treatment of A*’-butenonitrile with sodium ethoxide either in 
equivalent or in “‘ catalytic ’’ amount, on the other hand, led to its 
complete conversion into $-ethoxy-nitrile, presumably by instantan- 
eous isomeric change followed by addition to the «S-phase. The 
extremely high mobility of the system is also indicated by the iso- 
merisation of the @y-form by caustic alkali, demonstrated by von 
Auwers (loc. cit., Ber.) and Bruylants (Bull. Soc. chim. Belg., 1924, 
33, 331). Reinvestigation of this change showed that 12 hours’ 
treatment of the ?y-nitrile with N-caustic soda solution reduced its 

‘iodine addition to 2-4°%,—a value which could not be lowered by 
further treatment with alkali. On the other hand, crotononitrile 
showed no increase in iodine addition after 2 days’ similar treatment. 
This is in entire agreement with the results of von Auwers, except 
that the ®y-content at “ equilibrium ” cannot exceed 4% and is 
probably negligible. The persistence of iodine addition in the 
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equilibrated y-nitrile is difficult to explain, but may be connected 
with the formation of some slightly additive cis-«{-nitrile. 

An inspection of the equilibrium values shows that the effect of 
y-alkylation in nitriles is almost the same as in acids : 


y-Substituents H, H H, Et Me, Me 
’ same , MD conpecigng - 100 75 22 
% «8 ot equilibrium in { SSteiles rca 96-100 86 21 


It has previously been shown that $-alkyl groups, which to some 
extent stabilise the Gy-forms of unsaturated acids, have no such 
effect on the corresponding nitriles, which are all largely «®- at 
equilibrium (Kandiah and Linstead, loc. cit.), and it was assumed that 
the position of equilibrium was controlled predominantly by the 
nitrile group. The new results show, however, that the influence of 
y-groups is considerably more powerful than that of §-groups, 
presumably because their polar effects act directly on one of the 
carbon atoms concerned in the tautomeric change. 

(2) Heat. In view of the comparatively ready equilibration of 
pure unsaturated acids at high temperatures (J., 1930, 1603) it 
became of importance to examine the stability of the corresponding 
nitriles under the same conditions. If the change in acids can be 
attributed to the polar nature of the functional group, it would be 
expected that the nitriles would show little or no tendency to 
tautomerise at high temperatures. Further interest was lent to this 
question by the publication of Bruylants and Minetti’s investigation 
of the distillation of the isohexenonitriles produced by dehydrating 
isovaleraldehyde cyanohydrin. In this it is claimed that a purified 
«$-nitrile was partly isomerised to the By-form. On the other hand, 
von Auwers (loc. cit., Ber.) has reported that A*-isoheptenonitrile 
was unchanged by 3 hours’ boiling. 

In the present work, the materials were heated in carefully cleaned 
apparatus in an atmosphere of carbon dioxide. trans-A*-isoHexeno- 
nitrile was unchanged on distillation, and even after being boiled 
under reflux for 8 hours, the iodine addition then having increased 
by only 0-7%. The same result was obtained by carrying out the 
latter experiment without special precautions, although the absence 
of carbon dioxide led to considerable charring. It is to be supposed 
that Bruylants and Minetti’s results are due to a concentration by 
fractionation of By-nitrile already present, or possibly to an isomeris- 
ing action of some alkaline catalyst. Actually, all the pure nitriles 
prepared in this work were remarkably stable to heat, even A*-buteno- 
nitrile being almost unaffected by 8 hours’ heating under pressure at 
200°. Spontaneous tautomeric change in pure compounds of this 
type must therefore occur very slowly, if at all. 
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Analysis of Unsaturated Nitriles by Halogen Addition —Heim 
(Bull. Soc. chim. Belg., 1930, 39, 458) states that, whereas Kandiah 
and Linstead find iodine additions of approximately 3 and 56%, for 
a8- and fy-nitriles respectively, he obtains additions of only 1-4 and 
7% to trans-crotononitrile and A*’-butenonitrile. Hence he con- 
cludes that “the method fails.” Furthermore, Bruylants and 
Minetti (loc. cit.) and Colmant (Bull. Soc. chim. Belg., 1930, 39, 568) 
estimate the By-content of isomeric mixtures from iodine additions 
when no specific reference data are available. It therefore becomes 
necessary to comment on the use of the analytical method in this 
connexion, as its principle has obviously been misunderstood by the 
Belgian school. 

As it is difficult to obtain a set of conditions under which reaction 
with halogens occurs completely at Py-double bonds and not at all 
at «$-double bonds, it is necessary to find for every pair of isomerides 
conditions of reagent, solvent and concentration such that a con- 
venient difference in reactivity is obtained. Reference data for each 
particular pair of isomerides are obtained and the composition of 
mixtures can then be estimated by comparison. Fortunately, most 
systems can be examined under one or other of the standard con- 
ditions already described (Linstead, J., 1927, 355; Linstead and 
May, ibid., p. 2565). It has, however, been frequently pointed out 
that the multiplication of unsaturated substituents, or the absence 
of alkyl groups in the vicinity of the double bond, leads to a diminu- 
tion in reactivity of the ®y-form such that more vigorous conditions 
of reaction become necessary. The low affinity of A*-butenonitrile 
for iodine chloride is quite to be expected, but by a suitable increase 
in the concentration of the reagents (see experimental portion) it is a 
simple matter to obtain the necessary degree of reaction in a 
convenient time. 

The bromometric method of Heim (loc. cit.) is a modification differ- 
ing only in detail from those referred to above: In agreemeut with 
Heim we find that this method gives concordant results for the 
butenonitriles. It is, however, unsatisfactory for higher nitriles, 
because, as a two-phase system (chloroform—water) is involved in 
the reacting mixture, it follows that when addition to the Py-form 
is not very rapid it.is considerably affected by uncontrollable 
variations in the extent of shaking. 


EXPERIMENTAL. 
Iodine Additions (J).—The hexenonitriles in MU /15-solution in 
chloroform and the iodine chloride in the concentration used by 
Kandiah and. Linstead (loc. cit.) were allowed to react for 2 hours at 
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20°. Under these conditions A®-butenonitrile added only 25-6% 
of iodine. After further trials, solutions of the following concentra- 
tions were used for the butenonitriles :_M/15-nitrile in chloroform, 
and iodine chloride obtained from solutions of 34 g. of iodine and 
50-7 g. of mercuric chloride each in 250 c.c. of rectified spirit. 
Equivalent amounts of A’-butenonitrile and the reagent then gave 
a 63-8% addition in 2 hours at 20°. 


n-Hexenonitriles (compare Table I). 


(1) From Amides.—A solution of A*-n-hexenoyi | chloride, 
prepared from the solid acid, in sodium-dried ether (5 vols.) was 
treated with an excess of dry ammonia gas, and the product washed 
with very dilute hydrochloric acid and freed from solvent. 
A:-n-Hexenoamide, obtained in 96% yield, crystallised from chloro- 
form or benzene in shining leaflets, m. p. 122° (Found : N, 12-3. 
CgH,,ON requires N, 12-4%). When ammonia solution (d 0-880) 
was used, the yield was 90%. The purity of the acid chloride was 
checked by conversion of a small quantity into the p-toluidide of 
m. p. 125° (Fichter and Pfister, Ber., 1904; 37, 1997). 

Treatment of the amide with phosphorus pentachloride and 
phosphorus oxychloride yielded only mixtures containing partially 
chlorinated products. This method of ‘dehydration therefore 
appears to be applicable only to 6$-substituted amides (Kandiah and 
Linstead, loc. cit.). The chlorine could be removed. by distillation 
from dry caustic soda but not by treatment with sodium ethoxide. 
Dehydration with phosphoric oxide was more successful : A mixture 
of the amide (20 g.) and the pentoxide (30 g:) was cautiously heated 
in afflask fitted with an efficient condenser. When the amide 
melted, a vigorous reaction set in, and at its close the mixture was 
diluted and distilled in steam. The nitrile was extracted from the 
first litre of the distillate with ether, dried, and freed from solvent. 
Ae-n-Hexenonitrile (III; R’ = Et, R’’ = H) was thus obtained in 
about 60% yield as a colourless oil, b. p..50°/10 mm., having the 
properties already recorded (Found : C, 75:5; H, 95. C,H N 
requires C, 75-8; H, 95%). Dehydration ina diluent (dry benzene) 
was rather less satisfactory. 

A’-n-Hexenoy! chloride, yielding the p-toluidide, m. p. 95°, of 
Eccott and Linstead (Joc. cit.), gave a 95%, yield (from the acid) of 
A-n-hexenoamide, which crystallised from benzene and light 
petroleum in leaflets, m. p. 86° (Found : C, 64-0; H, 9-8.. C,H,,ON 
requires C, 63-7; H, 9-7%). 

When the amide was treated with phosphorus pentachloride and 
oxychloride, chlorination again occurred, but by using phosphoric 
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oxide under the conditions given for the «8-amide, a 40% yield of 
A’-n-hexenonitrile (Il; R’ = Et, R’’ =H) was obtained, b. p. 
58°/15 mm. (Found: C, 75-4; H, 9-4%). 

(2) From the Cyano-acid.—Cyanoacetic acid was conveniently 
prepared in quantity by the method of Phelps and Tillotson (Amer. 
J. Sci., 1908, 26, 275), with the modifications given for the prepar- 
ation of the ethyl ester by Kohler and Allen (“ Organic Syntheses,” 
III, 53). The product was left for a week over sulphuric acid and 
was then frozen to a solid of m. p. 68° (yield, 68%). 

For the preparation of the unsaturated cyano-acid, the following 

application of von Auwers’s method gave good results: Molecular 
quantities of cyanoacetic acid and redistilled n-butaldehyde were 
heated on the steam-bath for 4 hours with piperidine (M/50). The 
acid product after extraction in the usual manner in sodium bicarbon- 
ate solution was obtained as a viscous brown oil, which was heated 
at 70—80° in a vacuum for some time and dissolved in dry ether, and 
the solution allowed to evaporate slowly. The coarse white powder 
obtained (75%) yielded pure «-cyano-A*-n-hexenoic acid (1; R’ = 
Et, R’’ =H), on vacuum sublimation or crystallisation from 
benzene and light petroleum, as needles, m. p. 102° (Found : C, 60-0; 
H, 6-6; equiv., 141. C,H,O,N requires C, 60-4; H, 65%; equiv., 
139). The acid resisted fission when treated with ozonised oxygen 
in ethyl acetate solution for a week, but the position of the 
double bond was proved by its oxidation (5 g.) with potassium 
permanganate (10 g.) in sodium bicarbonate solution. After a week 
the solution was filtered, acidified, and extracted continuously with 
ether fora day. The acid, isolated by cautious evaporation of the 
dried extract, was identified as n-butyric acid by conversion into the 
amide, m. p. and mixed m. p. 113°. 

Condensation occurred to only a slight extent between cyano- 
acetic acid and n-butaldehyde in the presence of pyridine, the product 
being the same «-cyano-acid. This presents an interesting contrast 
to the condensation of malonic acid in the ordinary Doebner reaction. 

Only small quantities of nitrile could be obtained by heating the 
cyano-acid (i) under pressure at 100°, 180°, and 240°, or (ii) rapidly 
under reduced pressure, which led to sublimation. Decomposition 
was best effected by heating small quantities of the acid, mixed with 
an equal quantity of fine sand, at atmospheric pressure. The 
product was dried in ethereal solution and distilled at 57—58°/11 

mm. It had the properties already given. The yields varied widely 
and did not exceed 40%. 

(3) From the Cyanohydrin.—n-Valeraldehyde was prepared from 
n-butyl bromide by the method used by Bodroux for the preparation 
of isovaleraldehyde (Compt. rend., 1904, 138, 700) but modified 














f 





THREE-CARBON SYSTEM. PART XXVIII. 451 


along the lines indicated by Linstead and Mann (J., 1930, 2070). 
Consistent yields were obtained only by the following procedure : 
The Grignard compound of the bromide was treated with ortho- 
formic ester (2/3 mol.) in an equal volume of ether, addition being 
rapid so that the ether was kept boiling (about 15 mins.). The 
mixture was left over-night and then boiled and shaken for an hour. 
After removal of the ether, the product was worked up in the usual 
manner, the acetal being hydrolysed with 20% sulphuric acid for 
} hour, and the aldehyde converted into the bisulphite compound 
(yield, 50% calculated on the orthoformate used). 

The aldehyde failed to give the cyanohydrin by Ultée’s method 
(Rec. trav. chim., 1909, 28, 1, 248). A modification of the alternative 
method of Albert (Ber., 1916, 49, 1382) was tested with the more 
readily available butaldehyde and found satisfactory (see below). 
It was therefore applied to the valeraldehyde bisulphite compound, 
47 g. of which were suspended in water (16 c.c.) and treated slowly 
and with cooling with potassium cyanide (16 g.; 1 mol.) in 22 c.c. 
of water. A reproducible yield of 12 g. (43%) of «-hydroxy-n-hexo- 
nitrile (IV; R’ = Et, R” = H) was thus obtained, b. p. 116°/14 mm., 
d 0-9217, n 1-4265, [R,]p 31-39 (cale., 31-45) (Found: C, 63-7; 
H, 10°3. C,H,,ON requires C, 63-7; H, 9-7%). 

By the same method, n-butaldehyde (44 c.c.; 4 mol.) was added 
to a cooled, freshly prepared bisulphite solution (? mol.) and, after 
standing over-night, the mixture was cooled in a freezing mixture 
and cautiously treated with small quantities of a concentrated 
aqueous solution of potassium cyanide (33 g.). After a further 
hour’s standing, the precipitated salts were filtered off, the cyano- 
hydrin was extracted with ether, the solution dried over-night with 
sodium sulphate, and the solvent removed. The cyanohydrin was 
stabilised with a few drops of concentrated sulphuric acid and 
distilled at 103°/14 mm., 106°/20 mm. The yield was 35 g. (70%), 
but fell to 60% when a 15% excess of potassium cyanide was used. 
The pure substance had d 0-9397, n 1-4211, [R;]p 26-72 (cale., 26-83) 
(Found: C, 60-0; H, 9-2. Cale.: C, 60-6; H, 9-1%) (compare 
Henry, Bull. Acad. roy. Belg., 1898, 36, 241). 

For the dehydration, n-valeraldehyde cyanohydrin (5 g.) was added 
to a mixture of phosphoric oxide (10 g.) and dry sand; 55% of mixed 
nitriles were obtained, b. p. 62—70°/25 mm. 

Reference Curve.—The iodine additions of the various preparations 
are in Table I. The reference curve was constructed with mixtures 
of the «$-nitrile (from the amide) and the ®y-nitrile (from the cyano- 
acid) : 

Composition, % af ... 0 10 20 40 60 80 90 100 
Fig BE ; atinwesdpncdeeessoners 45 41-7 387 31-8 23:9 13-8 8-0 0 


7 70 
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The variation in addition of the Sy-nitrile with temperature is 
given below : 


Temperature ......cssccsscccsccssecees'e 18-5° 19-5° 20° 27° 
I sioteclincecdetinikt dc aciaanbaaiiite 43-1 44-6 45-0 48-9 


Equilibrations.—(1) Those with sodium ethoxide were carried out 
at 25° by the method of Kon and Linstead (Joc. cit.). Reaction for 
more than 20 minutes yielded some $-ethoxy-nitrile. In these cases 
the distillate of b. p. 58—70°/15 mm. was refractionated and the 
fraction boiling below 65°/15 mm. was taken as unsaturated nitrile. 
In other experiments the fraction of the first distillation boiling below 
65°/15 mm. was used, The physical properties of these low fractions 
show that they are free from the ethoxy-nitrile. The recovery of 
nitrile averaged 75%. The results are given in Table IV. 





Tasxe LV. 
Equilibration of n-Hexenonitriles. 
Time of Unsaturated nitrile obtained. 
equil. Ethoxy- 
Material. (mins.). d. n. J. Comp., %aB. nitrile. 
By 5 0-8328 1-4323 31-4 41 nil 
99 5 0-8318 1-4315 30-4 43 -™ 
10 0-8335 1-4316 27-5 49-5 trace 
$s 15 C8316 1-4327 19-6 67 some 
o 20 0-8322 1-4327 17-7 71 ca. 40% 
- 30 0-8351 — 11-6 84 ca. 65% 
aB 5 0-8273 1-4362 5-0 94-5 trace 
* 20 0-8275 1-4353 9-3 88-5 > 50% 
88-5% aB 10 0-8308 1-4348 11-0 85 trace 
os 30 —_ 1-4347 10-8 85 > 50% 


With one equivalent of N/10-sodium ethoxide the By-nitrile 
yielded 35%, of the «@-nitrile in 30 minutes. 

For the isolation of the ethoxy-compound the fy-nitrile (4 g.) was 
treated with N-sodium ethoxide (1 mol.) for 4 hours. The reaction 
product yielded pure §-ethory-n-hexonitrile, b. p. 82°/11 mm., 
20-8818, n 1-4219, [R,]p 40°7 (eale., 40-61) (Found : C, 68-2; H, 10-6. 
C,H,,ON requires C, 68:1; H, 10-6%). 

(2) For equilibrations' with heat, all apparatus was carefully 
cleaned with chromic acid mixture, distilled water, alcohol, and 
redistilled sodium-dried ether. (a) The nitriles were distilled under 
reduced pressure into a small Claisen flask, which was then filled 
with pure carbon dioxide. From this they were slowly distilled in a 
current of carbon dioxide at atmospheric pressure into a sealed-on 
condensing apparatus and receiver. (6b) The nitriles were heated 
in a Geisler flask fitted with a ground-in air condenser, an atmosphere 
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of carbon dioxide being maintained. The properties of the products 
are given below : 


Product. d. n. J. B. p./mm. 

4o-n-Hexenonitrile, distilled at 

IGF” lo cchisenadcio olntia- boda 0-8271 1-4373 1-2 57°/17 
Aa-n-Hexenonitrile, refluxed for 

POND. 6 is cc deuinevenhoncenpn 0-8273 1-4369 1:3 57/17 
A8-n-Hexenonitrile, distilled at 

so RPE AS RS OS yee ER 0-8412 1-4287 41-1 56/17 
A48-n-Hexenonitrile, refluxed for y 

on ey errr 0-8418 1-4289 40-2 56/17 


isoHexenonitriles (compare Table II). 


[Except where stated, the procedure was that used above.] 

A*-isoHexenoamide, m. p. 84°, prepared in 70% yield from the 
acid (von Auwers et al., Annalen, 1923, 432, 46), was dehydrated 
with phosphoric oxide and dry sand (not alone) in small quantities 
to At-isohexenonitrile (III; R’, R’’ = Me, Me). Yield 40%, b. p. 
61°/16 mm. (Found: C, 75-7; H, 9-4. Cale.: C, 75-8; H, 9-5%). 

A’-isoHexenoic acid (Linstead, J., 1929, 2498; this vol., p. 125), 
prepared from the «$-acid and purified by partial esterification and 
hydrolysis, was converted by the action of thionyl chloride into its 
own acid chloride, b. p. 63°/25.mm.,; and that of the y-chloro-acid, 
which were separated by fractionation. Treatment of. the low- 
boiling fraction in ether with ammonia, evaporation to dryness, and 
extraction with benzene yielded the By-amide (30%), which was very 
soluble in water and crystallised in white leaflets, melting at 81—82° 
alone and at 65—70° when mixed with the «$-amide. This amide 
could not be made from the fy-ester and ammonia under a variety 
of conditions. Dehydrated in the usual way, it yielded A*-iso- 
hexenonitrile (Braun, Monatsh., 1896, 17, 207), b. p. 56—57°/16 mm, 
(Found: C, 75:3; H, 9-5. Cale. : C, 75°8;;H, 9-5%). 

isoButaldehyde readily yielded solid «-cyano-A*-isohexenoic acid 
(60°), small needles from benzene and petroleum, m. p. 89° (Braun, 
loc. cit., gives m. p. 87—88°). When distilled with sand, this gave a 
variable (ca. 60%) yield of the ®y-nitrile, b. p. 66°/24 mm., this being 
the simplest method for making this substance. 

isoValeraldehyde cyanohydrin (compare Bruylants and Minetti, 
loc. cit.) was made from the bisulphite compound and potassium 
cyanide and dehydrated with phosphoric oxide and sand. The 
product is described on p. 445. 

Reference Curve.—The By-nitrile was obtained from the cyano-acid, 
and the «$-nitrile from the amide. 


Composition, % a8 0 10 ° 20 40 «60 80 90 100 
Gai | dcdds denise .tuvie 78-0 740 68-2 541 37-0 21-0 101 1-3 
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Equilibration.—(1) Alkali. 


TABLE V. 


isoHexenonitriles with 1 Equiv. of N-Sodium Ethoxide at 25°. 
Unsaturated nitrile obtained. 











Time Composition 
Material. (mins.). d. n. J. (% af). 
By 5 0-8474 14347 77-0 2 
98 15 0-8509 1-4334 76-6 3 
pa 20 0-8511 1-4345 75-0 7 
- 30 0-8498 1-4336 74-5 9 
‘ 60 0-8494 1-4344 74-0 11 
* 120 0-8496 1-4337 68-6 19-5* 
aB 5 0-8202 1-4333 8-5 92-5 
99 15 0-8283 1-4340 11-5 88-5 
és 20 0-8362 1-4340 28-4 71-0 
98 30 0°8303 1-4313 34-0 65-0 
9 . 65 0-8469 1-4332 54-9 39-0 
» 180 0-8461 1-4331 63-5 27-0 
57-5% aB 120 0-8482 1-4327 63°5 27-0 
27% af 120 0-8525 1-4336 66-2 22-5* 
Mixe 
products* 120 — — 67-4 21-5 


(2) Heat. The «§-nitrile was distilled at 152° under “ aseptic ” 
conditions and then had d 0-8204, n 1-4337, J 1:8°%%. After 8 hours’ 
boiling in carbon dioxide it had d 0-8185, n 1-4330, J 20%. When 
it was heated for 8 hours in the same flask, which had been exposed 
to the dust of the laboratory, and with no special precautions, there 
was a good deal of charring, but no change in the properties of the 
nitrile, which after distillation had d 0-8185, n 1-4332, J 2-0%. 





Butenonitriles (compare Table ITI). 


A’-Butenonitrile was prepared from allyl bromide by Bruylants’s 
method (loc. cit.; compare “ Organic Syntheses,” VIII, 4), a yield 
of 80% being obtained by distillation of the reaction product from 
the stirred solution without reduction in pressure, and from allyl 
alcohol by Breckpot’s method (loc. cit.), which was somewhat more 
convenient, as it did not necessitate the drying of the cuprous 
cyanide. The nitrile boiled at 116—121° and was obtained in 64% 
yield. 

trans-Crotonic acid was prepared by Staudinger’s method (Henle, 
“Org. Chem. Praktikum,”’ 1927, 188), with the following modific- 
ations which considerably increased the yield. Paraldehyde (50 g.) 
was slowly run into a few drops of concentrated sulphuric acid, 
heated on the steam-bath, and the acetaldehyde evolved was 
collected in dry ether in the apparatus described by Henle. The 
ethereal solution was treated with dry malonic acid (26 g.) and 
pyridine (20 g.), and the mixture left for 2 days in ice and for 1 day 
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at room temperature; the ether was then removed, and the residue 
warmed until no more carbon dioxide was evolved. It was dis- 
solved in a little ice and water and acidified with concentrated 
hydrochloric acid. The pure crotonic acid which separated, m. p. 
72° without crystallisation, was filtered off and a small additional 
amount was extracted from the filtrate with ether. Yield, 18-5 g. 
(86%) calculated on the malonic acid. Through the acid chloride, 
the anilide, m. p. 115°, and amide, m. p. 157° (50%), were prepared 
in the usual manner. The amide was best separated from ammonium 
chloride by fractional crystallisation from water. Dehydrated with 
phosphoric oxide and sand (compare von Auwers, loc. cit.), it gave 
trans-crotononitrile, b. p. 118—119°, in 40% yield. 

Propaldehyde cyanohydrin was prepared by the method described 
for the butaldehyde compound. It distilled at 98°/20 mm., had 
d 0-9260, n 1-4081, [Rz]p 22-7 (calc., 23-0), and on dehydration in the 
usual manner gave a 50% yield of mixed butenonitriles, b. p. 
117—120°. 

a-Cyanocrotonic acid (von Auwers, loc. cit., Ber.) could not be 
induced to crystallise by the methods successful with the higher 
homologues. Distilled with sand, it gave a poor yield of nitrile. 

Equilibrations.—(1) Alkali. With sodium ethoxide or alcoholic 
caustic soda under a variety of conditions, A*-butenonitrile yielded 
almost exclusively the 8-ethoxy-nitrile, b. p. 170°, d 0-8945, n 1-4107, 
whence [R,]p 31-35 (calc., 31-37) (compare Bruylants, loc. cit., 1922). 
With aqueous alkali the following results were obtained : 

(1) A*’-Butenonitrile (from the bromide) in 5 volumes of ether was 
allowed to stand with N-aqueous caustic soda (10 vols.) for 4 days. 
The product had d 0-8277, n 1-4147, J 32-6%. (2) As in (1) but 
without ether : The product had d 0-8262, n 1-4177, J 2.4%. (3) As 
(2) for 12 hours: The product had d 0-8235, n 1-4201, J 2:3%. 
(4) A&-Butenonitrile (from the alcohol) was shaken with 10 vols. of 
N/2-aqueous caustic soda for 4 days. The product was almost 
identical in properties with that obtained in experiment (2) (J 2-5%). 
(5) In an attempt to remove the Sy-isomeride, if any, the product 
of (4) was treated with bromine and redistilled; it then had b. p. 
118—120°, d0-8262, 1-4197, J 20% (determinations at 15°). 
(6) The product of (5) was shaken with caustic soda for 4 days, and 
then had d 0-8266, n 1-4210, J 2-5% (at. 15°). (7) trans-Crotono- 
nitrile (from the amide) was shaken for 2 days with caustic soda 
solution ; it then had n 1-4210, J 0-5% (at 15°). 

In all these equilibrations the product was fractionated to remove 
traces of low- and high-boiling material. A wide fraction (108— 
124°) was collected in each case to include the cis-crotononitrile 
(b. p. 108°), which was always formed to some extent. 
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(2) Heat. (1) A’-Butenonitrile (J 61-9%) was refluxed under aseptic 
conditions for 8 hours; it then had J 60°0%, n 1-4063. (2) The 
nitrile (J 63-8) was heated under pressure in a sealed tube for 
8 hours at 200°. The product had d 0-8347, n 1-4097, J 57-4% (at 
15°). 

Bromometric Estimations (Heim, loc. cit.).— 

% Addition of bromine. 


a ~ 





a 
Nitrile. Mean. Maximum. Minimum. 
Abe bagelikl.cocvesxtarebencved: 100-4 100-6 100 
ES” 2c ccesnudhansecepesesee 3°6 3-6 3-6 
BB-n-Hexeno- ..... ce ceededevecsececcceees 56 64 50 
B2-TBOHIOXENO: occ co cioredeseccosicscesic 3-6 3°6 3-5 
IR « icon ccnsabecsstbensesiseses 65 75 60 


We are indebted to the Chemical Society for a grant to one of us 
(R. A. L.) which has partly defrayed the cost of this work. 
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55. Polycyclic Aromatic Hydrocarbons. Part IX. 
The Synthesis of Methyl and isoPropyl Homologues 
of 1: 2-Benzanthracene. 


By James WILFRED Cook. 


Wir the exception of 3-methyl-1 : 2-benzanthracene (Cook, J., 
1930, 1093) no true homologues of 1 : 2-benzanthracene have been 
isolated in the pure state, for it has been found that the 6-methyl 
compound has a melting point 24° higher than that of the substance 
so described by Dzieworski and Ritt (Bull. Acad. Polonaise, 1927, 
A, 181), while their 8-methyl compound was merely impure 
1 : 2-benzanthracene.* 

At the time when the experiments described in Part I of this 
series were performed, an attempt was made to prepare 6-isopropyl- 
1 : 2-benzanthracene (II) by pyrolysis of the ketone (I) formed from 
cuminoy] chloride and 2-methylnaphthalene : 


(I.) Os 7 on (I1.) 
Pr M Pr 


* The I.G. Farbenind. A.-G. (D.R.-P. 481,819) have followed Dzieworski 
and Ritt in these errors, and some of the other data given in this secification 
are inaccurate. : 
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The product was a well-crystallised hydrocarbon, m. p. 114—115°. 
It was clear from the analytical figures that this substance was a 
mixture of an isopropylbenzanthracene with a compound of higher 
carbon content, and its heterogeneous nature was confirmed by a 
study of its picric acid additive compounds and of its chromic acid 
oxidation products. ' 

It was not found possible to separate the hydrocarbon mixture 
into its constituents, yet the observation made in this Institute by 
Professor E. L. Kennaway that the mixture, applied in 0-3% 
solution in benzene, produced 7 tumours (1 non-malignant, 2 doubt- 
ful, and 4 definite cancers) in a series of 10 mice during 13 months 
necessitated its further examination. Evidence was obtained that 
6-methyl-1 : 2-benzanthracene was one constituent of the mixture, 
and this has been prepared in the pure state. It was subsequently 
observed that para-substituted derivatives of 1-benzoyl-2-methy]l- 
naphthalene could give rise, by pyrolytic migrations, to benzan- 
thracenes substituted in position 7 as well as in position 6 (see p. 461). 
The problem was thus to obtain 6-isopropyl- and 7-isopropyl- 
1 : 2-benzanthracenes by non-pyrogenic methods, and this has been 
accomplished. 

Naphthalene-1 :.2-dicarboxy anhydride condensed with cumene 
to give a mixture of 1-cuwminoyl-2-naphthoic acid (III), m. p..215— 
216°, and 2-cuminoyl-1-naphthoic acid (IV), m. p. 164—165°, the 
constitutions assigned being based on the fact that the former, on 
fusion with potassium hydroxide, yielded cuminic and 2-naphthoic 
acids, whereas the latter gave cuminic and 1-naphthoic acids. The 
two acids were further characterised by their acetoxry-lactones (V), 
formed by heating with pyridine and acetic anhydride at 100°. 
After these experiments were completed, Waldmann (J. pr. Chem., 
1931, 131, 71; compare ibid., 1930, 127, 195) showed that benzene 
gives a similar mixture of benzoylnaphthoic acids when condensed 
with naphthalene-1 : 2-dicarboxy anhydride. 

Various attempts to dehydrate the cuminoylnaphthoic acids to the 
benzanthraquinone derivatives failed; in any case, the possibility 
of intramolecular rearrangements of the type observed by Hayashi 
(J., 1930, 1513, 1520, 1524) would make it unwise to draw conclusions 
as to the structures of the quinones formed by the direct action of 
dehydrating agents. The cuminoylnaphthoic acids were therefore 
reduced by zinc dust and alkali prior to cyclisation. The reduced 
acids were contaminated with resinous by-products and could not 
be obtained crystalline; they were dehydrated in the crude state, 
by concentrated sulphuric acid at 0°, to anthrone-like substances 
which were then reduced to the hydrocarbons by fresh treatment 
with zinc dust and alkali : 
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(III. “ — 
CO,H 
pe CH, 
—> (Il) Ae 
C3H,-C,H, SCH 


(IV.) a ee a> Pr ie (VI.) 


7-isoPropyl-1 : 2-benzanthracene (VI), thus obtained from 
2-cuminoyl-l-naphthoic acid (IV), was characterised by its picrate 
and quinone. 6-isoPropyl-1 : 2-benzanthracene (II), obtained from 
1-cuminoyl-2-naphthoic acid (III), was associated with a trace of an 
impurity ; the impurity was converted by brief boiling with sodium 
dichromate in acetic acid into a very sparingly soluble product, 
readily separated from the easily soluble 6-isopropyl-1 : 2-benzan- 
thraquinone.. This highly crystalline quinone was reduced, by the 
two-stage method developed for 3-isopropyl-1 : 2-benzanthraquinone 
(see later), to pure 6-isopropyl-1 : 2-benzanthracene, m. p. 132—133°. 

The presence of the last-named hydrocarbon in the mixture 
formed by pyrolysis of 1-cuminoyl-2-methylnaphthalene (I) was 
established by the isolation of 6-isopropyl-1 : 2-benzanthraquinone 
from the oxidation products of this mixture. 

It seemed likely that the carcinogenic activity of the crude 
mixture containing 6-isopropyl-1 : 2-benzanthracene was due to this 
hydrocarbon, although a considerable time must elapse before this 
can be known with certainty. It was accordingly desirable to study 
isomeric hydrocarbons having the substituent in other positions, and 
to this end 3-isopropyl-1 : 2-benzanthracene and _ 10-isopropyl- 
1 ; 2-benzanthracene were next prepared. 


(VIL.) 0 = 0 (VIII.) 
\co,H \ PF? oe oO a ert 


3-isoPropyl-1 :2-benzanthracene was obtained by a method 
analogous to that previously used for the 3-methyl compound ; 
namely, reduction of 3-isopropyl-1 : 2-benzanthraquinone (VIII), 
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formed by dehydration of the acid (VII) resulting from 1-tsopropyl- 
naphthalene and phthalic anhydride. 

Reduction of the quinone with zinc dust and ammonia or potass- 
ium hydroxide solution proceeded beyond the benzanthraquinol 
stage only with the utmost difficulty (compare Cook, J., 1930, 
1093; 1931, 3274), although a small yield of the isopropylbenzan- 
thracene was isolated after 64 hours’ heating. This difficulty was 
overcome by carrying out the reduction in two stages; the quinone 
was first reduced to the anthranol stage by stannous chloride in 
boiling acetic acid, and the crude product then further reduced by 
zinc dust and sodium hydroxide solution.. Such a method should 
prove useful in other cases of anthraquinone derivatives which are 
resistant to alkaline reduction. 

The position assigned to the isopropyl radical in this isopropyl- 
benzanthracene is based on analogy, and attachment at position 
l’ or 4’ (see formula on p. 460 for the system of numbering) of the 
benzanthracene ring system, although extremely improbable, is not 
finally excluded. 

The 1-tsopropylnaphthalene necessary for the above synthesis 
was prepared by reduction of 1-isopropenylnaphthalene, the product 
of dehydration of the carbinol resulting from ethyl 1-naphthoate 
and methylmagnesium iodide.* 

The ethylenic compound was conveniently reduced by hydriodic 
acid in boiling acetic acid; a large proportion of the isopropeny]l- 
naphthalene was not reduced, but was converted into a saturated 
dimeride, m. p. 199°, which was also obtained by treatment of the 
isopropenyl compound with sulphuric acid in acetic acid solution. 
The dimeride is obviously identical with the substance mentioned by 
Schoepfle and Ryan (J. Amer. Chem. Soc., 1930, 52, 4023) as formed 
by the action of stannic chloride on dimethy]-c-naphthylchloro- 
methane and in view of the work of these authors no attempt has 
been made to determine the structure. 

10-isoPropy!-1 : 2-benzanthracene was obtained by the action of 
isopropylmagnesium bromide on | : 2-benz-10-anthrone, the hydro- 
carbon being isolated from the resin formed by dehydration of the 
crude dihydroanthranol, through the medium of its picrate. 

_At present, it may be said with certainty that 1 : 2: 5 : 6-dibenz- 
anthracene and 5 : 6-cyclopenteno-1 ; 2-benzanthracene, which both 
contain 5 rings in the molecule, are cancer-producing compounds. 
If the pure 6-isopropyl-1 : 2-benzanthracene proves. to be the 

* After the conclusion of these experiments the synthesis of 1-isopropyl- 
naphthalene by substantially the same method was reported by Herzenberg 
and Winterfeld (Ber., 1931, 64, 1043). The details of experimental procedure 


adopted by the present author seem simpler and more convenient, and are 
therefore recorded. 











460 COOK: POLYCYCLIC AROMATIC HYDROCARBONS: PART IX. 


carcinogenic constituent of the original crude substance, this will be 
the simplest cancer-producing hydrocarbon yet examined. Now, 
1 : 2-benzanthracene itself has, so far, given only negative results, 
and it is thus desirable to ascertain at what precise degree of mole- 
cular complexity the property begins to manifest itself. A number 
of methyl derivatives of 1 : 2-benzanthracene have therefore been 
prepared, and the synthesis of ethyl compounds is in progress. 

For the time being, attention has been confined to the methyl 
compounds substituted only in £-positions in the benzanthracene 
ring system, which were thus obtainable by the Elbs method of 
pyrolysis of suitable ketones. For it has already been shown in the 
anthracene and 1:2:5:6-dibenzanthracene series that methyl 
groups in an «-position are eliminated under the conditions neces- 
sary to effect the Elbs reaction (Cook, J., 1930, 1088; 1931, 490), 
and the observation that the 8-methyl-1 : 2-benzanthracene of 
Dzieworski and Ritt (loc. cit.) is really 1 :2-benzanthracene has 
shown that the same generalisation holds for the benzanthracene 
series. 

All of the four possibie 8-monomethyl-1 : 2-benzanthracenes were 
prepared by pyrolysis of the appropriate dimethyl derivatives of 
1-benzoyInaphthalene, and five of the six possible $-dimethyl- 
1 : 2-benzanthracenes were obtained from the corresponding tri- 
methyl-1-benzoylnaphthalenes : 


R 
C —H,0 
R : Rg * 
R M Re, 


(R = H or Me) 


Intramolecular rearrangements occurred, in some cases to consider- 
able extents, so that the crude hydrocarbons had melting points 
very much below those of the pure substances. With the m-tolyl 
ketones there was the added possibility of ring closure taking place 
at two positions in the benzene ring, although direct proof of 
condensation ortho to methyl was not obtained. Crystallisation 
alone was of little avail for the isolation of the pure hydrocarbons ; 
this was achieved, however, by purification through the picrates, and 
in every case the homogeneous nature of the sharp-melting pure 
hydrocarbon was confirmed by oxidation to the well-crystallised 
quinone. Certain of the quinones are being utilised in experiments 
which have as their object the production of benzanthracene deriv- 
atives containing more complex aliphatic and ethylenic side chains. 
Dziewonski and Ritt (loc. cit.) isolated 2 : 3-benzanthracene as a 
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be by-product of the pyrolytic dehydrogenation of 1-benzyl-2-methyl- 
‘ha naphthalene to 1:2-benzanthracene. They attributed this to 
ts, partial migration of the benzyl group from position 1 to position 3 
le- in the naphthalene nucleus, but isolated only 1 : 2-benzanthracene 
” by pyrolytic dehydration of 1-benzoyl-2-methylnaphthalene. 
= Nevertheless, the deep yellow colour of their 1 : 2-benzanthracene, 

which is colourless when pure, suggested contamination with the 
yl orange 2 : 3-benzanthracene, so that migration of the benzoyl group 
oe had probably taken place to some slight extent. No coloured 
of derivatives of 2: 3-benzanthracene were isolated from the crude 
he mono- and di-methyl-1 : 2-benzanthracenes, so that the migration 
yl of the acyl group of l-acyl-2-methylnaphthalene derivatives from 
ag position 1 to position 3 is a change which occurs only to a very 
), minor extent. 
of On the other hand, the migration of the substituted naphthoyl 
- radical was established by the isolation of 2’ : 7-dimethyl-1 : 2-benz- 
- anthracene (XI) as a by-product of the pyrolysis of 1-p-tolwoyl- 

2: 7-dimethylnaphthalene (IX; R =H). This hydrocarbon was 
” the chief product of pyrolysis of 1-m-toluoyl-2 : 7-dimethylnaphthalene 
of (X; R = H), and the change by which it is formed from the former 
1- ketone is analogous to the migrations already observed among the 
more complex 1 : 1’-dinaphthyl ketone derivatives (Cook, J., 1931, 

488, 489) : 
on “e om WY ay 
RH 
(IX.) (XI.) 

“3 (R = Hor ec 
ts 2’ : 7-Dimethyl-1 : 2-benzanthracerie (XI) was also isolated from 
yl the products of pyrolysis of 1-cuminoy]-2-methylnaphthalene (IX ; 
of R = Me), the migration in this case being accompanied by degrad- 
of ation of the isopropyl group to a methyl group. Other examples of 
™ the degradation of alkyl groups by pyrolysis are cited by H. Meyer 





Zz (Z. angew. Chem., 1924, 37, 796). 

d The crude hydrocarbons resulting from the sepualyle of benzoyl- 
4 2:6-dimethylnaphthalene and benzoyl - 2:7 - dimethylnaphthalene, 
d where the production of isomerides by naphthoy! migration was not 
i“ possible, were comparatively pure, a result which indicated that 
. there was very little tendency for 6-methyl groups in the naphthalene 
he ring system to migrate or to become eliminated. 

® With the possibility of migrations of the type discussed above, it 
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is out of the question, in any single instance, to conclude that the 
hydrocarbon isolated from the crude pyrolysis product has a structure 
corresponding to that of the original ketone. Nevertheless, the 
orientation of each of the nine methy] and dimethyl benzanthracenes 
may be deduced from the structure of its antecedent ketone, for all 
nine were different from one another, and this deduction depends 
only on the assumption, for which there is ample justification, that 
a-methyl groups could not survive the pyrolytic treatment. 


EXPERIMENTAL. 
6- and 7-isoPropyl-1 : 2-benzanthracenes. 


Cuminoylnaphthoic Acids.—1 : 2-Dicyanonaphthalene was obtained 
by distillation of a mixture of sodium 1-chloronaphthalene-2-sulphon- 
ate and potassium ferrocyanide in carbon dioxide (Cleve, Ber., 
1892, 25, 2475; compare Waldmann, J. pr. Chem., 1930, 127, 197) : 
the yield was far short of the 50% claimed by Waldmann. The 
dinitrile was heated under reflux with 30% methyl-alcoholic potass- 
ium hydroxide for an hour, the crystals which separated were 
dissolved by addition of water, and the precipitate formed on 
acidification, which was an intermediate nitrogenous compound, was 
hydrolysed to naphthalene-1 : 2-dicarboxylic acid by boiling 50% 
aqueous potassium hydroxide solution in 14 hours. The acid, 
formed in good yield, was sublimed in a vacuum at 180—200°, and 
the anhydride recrystallised from xylene. 

A suspension of naphthalene-1 : 2-dicarboxy anhydride (36 g.) 
in cumene (120 c.c.) was treated gradually, with agitation, with 
powdered anhydrous aluminium chloride (54 g.). The deep red 
liquid was kept at room temperature, with occasional shaking, for 
64 hours and then decomposed with ice and hydrochloric acid and 
steam-volatile substances were removed. The viscid residue was 
extracted with boiling dilute sodium hydroxide solution, and the 
cooled solution filtered from resinous matter and acidified. The 
precipitate was extracted with dilute sodium carbonate solution, and 
the acid reprecipitated from the filtered solution. The crude 
mixture of acids was dried in a vacuum desiccator (yield, 43 g.). 
This was twice recrystallised from benzene and then formed colour- 
less needles (13-5 g.), m. p. 164—165°, soluble in concentrated 
sulphuric acid with a dark reddish-brown colour (Found: C, 79-2; 
H, 5-6. C,,H,,0, requires C, 79-25; H, 5-7%). 

The constitution of this isomeride as 2-cuminoyl-1-naphthoic acid 
(IV) was shown by fusion with alkali. The acid (0-7 g.) was gradually 
stirred into molten potassium hydroxide (5 g.) at 260°. After 10 
minutes at 260—280°, the melt was cooled and extracted with water. 
The precipitate formed on acidification was collected, dried, and 
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twice recrystallised from benzene; it then melted at 160—161°, 
alone or mixed with l-naphthoic acid. The benzene liquors were 
evaporated to dryness and the residue was recrystallised from 
cyclohexane. The crystals were a mixture; the liquors were 
evaporated to dryness, and yielded cuminic acid, which had m. p. 
116—117°, alone or mixed with an authentic sample, after recrystal- 
lisation from aqueous alcohol. 

The acetoxy-lactone (V) of 2-cuminoyl-l-naphthoie acid (IV) was 
formed by heating a solution of the acid (1 g.) in pyridine (5 c.c.) and 
acetic anhydride (1-5 c.c.) at 100° for 2 hours. The solution was 
cooled and diluted with water; an oil separated which afterwards 
solidified. After two recrystallisations from alcohol this formed 
colourless leaflets, m. p. 126—127° (Found: C, 76-5; H, 5-7. 
C.3H 90, requires C, 76-7; H, 5-55%). 

The benzene liquors from 2-cuminoyl-l-naphthoic acid were 
evaporated to small bulk. On standing, the solution slowly crystal- 
lised; the solid was separated from the thick syrupy liquid and 
recrystallised from aqueous acetic acid. It was possible to obtain 
the 1-cuminoyl-2-naphthoic acid (III) in a pure state by repeated 
crystallisation from aqueous acetic acid, but it was found better to 
purify the substance through the acetoxy-lactone (V), prepared in 
the same way as the isomeride. It separated from alcohol in 
colourless needles, m. p. 158—159° (Found: C, 76:8; H, 5-4. 
C.3H.,0, requires C, 76-7; H, 5-55%). This acetoxy-lactone was 
hydrolysed by boiling alcoholic potassium hydroxide solution, and 
the resulting 1-cuminoyl-2-naphthoic acid -(III) crystallised from 
aqueous acetic acid. It formed small, colourless needles (5-8 g.), 
m. p. 215—216°, giving a dark green solution in concentrated sul- 
phuric acid (Found: C, 790; H, 5-8. C,,H;,0,; requires C, 
79-25; H, 5:7%). 

When this acid (III) was subjected to alkaline fusion under the 
same conditions as 2-cuminoyl-1-naphthoic acid (IV) it was largely 
recovered unchanged. Fission was effected as follows: 1-Cuminoy]l- 
2-naphthoic acid (0-5 g.) was stirred into a mixture of potassium 
hydroxide (4 g.) and water (0-5 c.c.) at 280°. The fused mass was 
kept at 300° for } hour and then worked up exactly as described for 
the isomeride. It yielded 2-naphthoic and cuminic acids. 

6-isoPropyl-1 : 2-benzanthracene (I1).—A solution of 1-cuminoyl- 
2-naphthoic acid, m. p. 215—216° (3-2 g.), in N-potassium hydroxide 
solution (160 c.c.) was boiled for 24 hours with zinc dust (8 g.). The 
use of more concentrated alkali was not desirable, as it caused 
separation of the liquid hydrated salt; if ammonia was used, the 
reduction ceased at the lactone stage. The cold solution, filtered 
from zine, was acidified, and the precipitate extracted with dilute 
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sodium carbonate solution. The acid was reprecipitated from the 
filtered cold solution, and dried in a vacuum desiccator (yield, 
2-8 g.). The reduced acid gave an orange fluorescent solution in 
concentrated sulphuric acid. It was contaminated with resinous 
by-products, possibly formed by partial reduction of the naphthalene 
ring system, and could not be obtained crystalline. 

For dehydration to the anthrone, the crude reduced acid was 
added gradually to ice-cold concentrated sulphuric acid (60 c.c.). 
After 24 hours at 0°, the solution was poured on ice, and the pre- 
cipitate collected and immediately reduced by boiling its suspension 
in N-sodium hydroxide with zinc dust for 3 hours. The mixture of 
hydrocarbon and excess zinc was collected (acidic by-products 
remained in solution), the zinc removed by digestion with hydro- 
chloric acid, and the crude hydrocarbon dried (yield, 1-05 g.). 

This hydrocarbon was purified through its red picrate, m. p. 118° 
after sintering, which did not crystallise well. It was decomposed 
with sodium carbonate solution, and the hydrocarbon recrystallised 
from alcohol; it then formed a colourless crystalline powder, m. p. 
131—132°, after sintering at 129—-130° (Found: C, 93-0; H, 6-6. 
C,,H,, requires C, 93-3; H,6*7%). 6-isoPropyl-1 : 2-benzanthracene 
(II), in common with other benzanthracene hydrocarbons, gave a 
carmine-red fluorescent solution in concentrated sulphuric acid, the 
colour becoming purple and finally blue on standing or gentle 
warming. 

6-isoPropyl-1 : 2-benzanthraquinone.—A solution of the aforesaid 
hydrocarbon (0:4 g.) in glacial acetic acid (10 c.c.) was treated with 
sodium dichromate (0-8 g.). After 10 minutes’ boiling, the solution 
was cooled and diluted with water. The oil which separated was 
washed by decantation and extracted with boiling alcohol. There 
remained undissolved 0-01 g. of a very sparingly soluble, yellow 
powder, m. p. 300—315°, after darkening, which was not further 
examined. The alcoholic filtrate gave orange-yellow needles of 
6-isopropyl-1 : 2-benzanthraquinone which, after recrystallisation 
from alcohol, had m. p. 94—95° (Found : C, 84-0; H, 5-5. C,,H,,0, 
requires C, 84-0; H, 5-3%). 

This pure quinone was reduced, first with stannous chloride in 
acetic acid, and then with zinc dust and alkali just as later described 
in the case of 3-tsopropyl-1 : 2-benzanthraquinone. The resulting 
pure 6-isopropyl-1 : 2-benzanthracene (II) separated from alcohol 
in tufts of colourless needles, m. p. 132—133° without previous 
sintering. 

7-isoPropyl-1 : 2-benzanthracene (V1).—This was obtained. from 
2-cuminoyl-1-naphthoiec acid, m. p. 164—165°, in the same way as 
the isomeride. The crude reduction preduct (4-6 g. from 6 g. of the 
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keto-acid) was dehydrated at 0° in 2 hours with concentrated 
sulphuric acid (60 c.c.) and the product reduced by zinc dust and 
boiling N-sodium hydroxide solution for 3 hours. The crude 
hydrocarbon (i-4 g.) was almost pure, and after two recrystallisations 
from alcohol formed colourless leaflets, m. p. 125° (Found : C, 93-0; 
H, 6-8. C,,H,, requires C, 93-3; H, 6-7%). 

The picrate of 7-isopropyl-1 :2-benzanthracene, formed in 
alcoholic solution, recrystallised from 5% alcoholic picric acid, and 
washed with alcohol, consisted of dark red needles, m. p. 152° 
(Found: C, 65-1; H, 4-9. C,,H,,,C,H,0,N, requires C, 65-1; 
H, 4:2%). 

7-isoPropyl-1 : 2-benzanthraquinone, formed by oxidation of the 
hydrocarbon (1 part) with sodium dichromate (2 parts) in boiling 
acetic acid for 10 minutes, separated from alcohol in long golden- 
yellow needles, m. p. 114—115° (Found: C, 83-8; H, 5-3. C,,H,,0, 
requires C, 84-0; H, 5-3%). 

Pyrolysis of 1-Cuminoyl-2-methylnaphthalene (1).—The ketone, 
prepared from cuminoy] chloride (21 g.), 2-methylnaphthalene (18 g.), 
and anhydrous aluminium chloride (30 g.) in carbon disulphide 
(100 c.c.), formed an amber syrup, b. p. 262°/12 mm., which could 
not be obtained crystalline. It was heated at 410—420° for 2 hours, 
and the residue distilled ina vacuum. The distillate, b. p. 220— 
280°/5 mm., was dissolved in cyclohexane, and the crystalline 
product recrystallised from alcohol. It formed pale yellow leaflets, 
m. p. 114—115°, from which the colour could be removed by agit- 
ation with sulphuric acid in benzene solution (Found: C, 93-9; 
H, 6-0. Cale. for C,,H,,: C, 93-3; H, 6-7%). The yield was 3 g. 
from 50 g. of cuminoy] chloride. This mixture could not be separated 
by crystallisation. It gave a dark red picrate, m. p. 116-5—117°. 
By repeated crystallisation the m. p. was brought to 128—132°, 
depressed by 1:2-benzanthracene picrate, but not by 6-methyl- 
1:2-benzanthracene picrate. The m. p. of the hydrocarbon 
mixture was depressed by 7-isopropyl-1 : 2-benzanthracene (VI) 
but not by 6-isopropyl-1 : 2-benzanthracene (II). Oxidation with 
sodium dichromate in acetic acid gave an oil which, by crystallis- 
ation from alcohol, yielded a rather sparingly soluble substance 
which seemed to consist of impure. 6-methyl-1 : 2-benzanthra- 
quinone. The more soluble fractions yielded orange needles, m. p. 
87—90°, shown by the method of mixed melting points to be almost 
pure 6-isopropyl-1 : 2-benzanthraquinone. | 


3-isoPropyl-1 : 2-benzanthracene. 


1-isoPropenylnaphthalene.—An ice-cold solution of methylmagnes- 
ium iodide (2 mols.) was treated with ethyl 1-naphthoate (1 mol.), 
R 
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the whole allowed to warm to room temperature, and finally boiled 
for an hour, The product was decomposed with ice and ammonium 
chloride, and the dimethyl-l-naphthyl carbinol remaining after 
removal of the ether washed with light petroleum (compare Kay and 
Morton, J., 1914, 105, 1581). For dehydration to the ethylenic 
compound, a solution of the carbinol (85 g.) in alcohol (350:c.c.) and 
concentrated hydrochloric acid (15 ¢.c.) was boiled for an hour. 
The solution was poured into water, extracted with ether, and the 
washed ethereal solution distilled. The resulting 1-tsopropeny]l- 
naphthalene (70 g.), b. p. 123—125°/10—11 mm., gave a picrate, 
m. p. 88—90° (Grignard, Bull. Soc. chim., 1901, 25, 498, gives 91°, 
although Kay and Morton, Joc. cit., give 141°). 

1-isoPropylnaphthalene.—It was observed that alcohol and 
sufficient sodium completely to reduce the ethylenic hydrocarbon 
(detected by its blood-red colour with concentrated sulphuric acid) 
gave an oil which formed no picrate. This accords with the experi- 
ments of Herzenberg and Winterfeld (Ber., 1931, 64, 1043). A 
solution of 1-isopropenylnaphthalene (35 g.) in acetic acid (420 c.c.) 
was therefore reduced by boiling for ? hour with hydriodic acid 
(d 1-9; 35 ¢.c.), and then poured into sodiam bisulphite solution to 
destroy the liberated iodine. The product was shaken with ether, 
and the ethereal suspension filtered. The white solid product 
(8-5 g.), sparingly soluble in ether, crystallised from cyclohexane- 
alcohol in colourless crystals, m. p. 198-5—199-5° (Found : C, 92-7; 
H, 7:2. M, cryoscopic in ethylene dibromide, 313. C,,H,, requires 
C, 92-8; H, 7-2%; M, 332). This dimeride of 1-isopropenyl- 
naphthalene, which did not decolorise a solution of bromine in carbon 
disulphide, was also formed by boiling the ethylenic hydrocarbon 
in acetic acid containing sulphuric acid. 

The ethereal solution from the, above reduction was evaporated 
on the water-bath, and the residual oil added to ice-cold sulphuric 
acid to polymerise a small amount of ethylenic compound which 
had survived the hydriodic acid treatment. The mixture was poured 
into water, again extracted with ether, and the oil distilled (a further 
2g. of the dimeride were isolated). 1-isoPropylnaphthalene, after 
redistillation over sodium, had b. p. 132°/12 mm. and 263-—264°/769 
mm. (yield,.16 g.) (Found: C, 91-4; H, 8:2. C,,H,, requires C, 
91:7; H, 83%). 

The picrate of 1-isopropylnaphthalene, prepared in alcoholic 
solution and recrystallised from alcohol, formed yellow needles, 
m. p. 83-5—86°, depressed by 1-isopropenylnaphthalene picrate, 
and also by the picrate, m. p. 91—93°, of the 2-isopropylnaphthalene, 
b, p. 263—265°, prepared by the action of isopropyl bromide on 
naphthalene in presence of catalytic amounts of aluminium chloride 
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(compare Roux, Bull. Soc. chim., 1884, 41,379; Ann. Chim. Phys., 
1887, 12, 313) (Found: C, 57-3; H, 4-75. Cj,H,4,C,H,0,N; 
requires C, 57-1; H, 4-3%). 

It was found unnecessary to isolate the isopropenyl compound 
in the above preparation. Direct reduction of dimethyl-l-naphthyl- 
carbinol (82 g.) with hydriodic acid in acetic acid yielded 33 g. of 
pure 1-isopropylnaphthalene, together with a corresponding amount 
of the dimeride of 1-isopropenylnaphthalene. 

The chief disadvantage of the above method lies in the large 
proportion of material converted into the dimeric by-product. The 
method of Herzenberg and Winterfeld (loc. cit.) is by no means ideal. 
An attempt was therefore made to simplify the reduction by using 
a catalytic hydrogenation method. 1-¢soPropenylnaphthalene (1 
part), diluted with isopropyl alcohol (5 parts), was hydrogenated at 
115—120° under a pressure of 50 lb. per sq. in. with a nickel catalyst. 
The product, which contained unchanged ésopropenyl compound, 
formed a picrate which, after one recrystallisation from alcohol, gave 
pure l-isopropylnaphthalene. picrate. At higher temperatures and 
pressures ring-hydrogenation occurred. For example, at 145—150° 
and under a pressure of 150 lb. per sq. in. there was formed a product, 
free from isopropenyl compound, which gave no picrate, and which 
gave carbon and: hydrogen figures between those required for 
dihydro- and tetrahydro-isopropylnaphthalenes. The pure iso- 
propylnaphthalene was obtained from this mixture by dehydrogen- 
ation with sulphur at 200—220°, followed by distillation over sodium. 

Condensation of 1-isoPropylnaphthalene with Phthalic Anhydride.— 
Powdered anhydrous aluminium chloride (40 g.) was added gradually 
to a suspension of phthalic anhydride (20 g.) in 1-isopropylnaphthal- 
ene (34 g.) diluted with benzene (60 c.c.). The resulting dark red 
syrup was kept for 7 hours at room temperature with occasional 
shaking. Steam-volatile products were removed (naphthalene was 
isolated at one stage of the steam’ distillation), and the residue 
extracted with boiling dilute sodium carbonate solution. The crude 
acid, obtained by acidification, was dried in a vacuum desiccator 
(yield, 46 g.) and twice recrystallised from aqueous acetic acid. 
The acid was then pure (8-5 g.), a sample for analysis being recrystal- 
lised from benzene (Found: C, 79-2; H, 5-7. C,,H,,O, requires 
C, 79-25; H, 5-7%). 4’-isoPropyl-1’-naphthoyl-2-benzoic acid (VII) 
formed a colourless crystalline powder, m. p. 206—208°. 

3-isoPropyl-1 : 2-benzanthraquinone (VIII).—The purple solution 
of the foregoing phthaloylic acid (3 g.) in concentrated sulphuric acid 
(45 c.c.) was heated at 60° for 24 hours, cooled, and poured into water. 
The precipitate was collected, extracted with boiling dilute sodium 
hydroxide solution, and the insoluble residue recrystallised from 
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aqueous acetic acid. The quinone (1-1 g.), recrystallised from 
cyclohexane (animal charcoal), formed lemon-yellow silky needles, 
m. p. 154—155° (Found: C, 83:8; H, 5-4. C,,H,,0, requires 
C, 84-0; H,5-3%). The small yield was due to loss by sulphonation. 

3-isoPropyl-1 : 2-benzanthracene—To a solution of the quinone 
(VIII; 2-5 g.) in boiling glacial acetic acid (100 c.c.) was added a 
solution of stannous chloride (10 g.) in concentrated hydrochloric 
acid (20 c.c.). After boiling for an hour, the solution was cooled 
and diluted with water, and the precipitate collected and washed ; 
it was free from quinone and gave an anthranol-yellow solution in 
boiling aqueous alkali. The substance was further reduced by 
boiling its suspension in 2N-sodium hydroxide solution (50 c.c.) 
with zine dust (7 g.) for 3 hours. The liquid was filtered, the unused 
zine removed by digestion with hydrochloric acid, the undissolved 
resinous mass dissolved in acetic acid, and the solution treated with 
picric acid (3-5 g.). 3-isoPropyl-1 : 2-benzanthracene picrate separ- 
ated in dark red needles (2-75 g.), m. p. 157° after recrystallisation 
from benzene (Found : C, 64:9; H, 4-5. C,,H,,,C,H,0,N, requires 
C, 65-1; H, 42%). The picrate was decomposed in ethereal 
solution with sodium carbonate solution; the resulting 3-isopropy/- 
1 : 2-benzanthracene crystallised from a little glacial acetic acid as a 
colourless crystalline powder, m. p. 92° (Found: C, 93-0; H, 6-8. 
C.,H,, requires C, 93-3; H, 6-7%). 


10-isoPropyl-1 : 2-benzanthracene. 


A Grignard solution prepared from magnesium turnings (5 g.), 
isopropyl chloride (19 ¢.c.), and anhydrous ether (150 c.c.) was 
cooled in ice and treated gradually with crude powdered 1 : 2-benz- 
10-anthrone (Cook, J., 1930, 1093) (17 g.). The mixture was kept 
in ice for 34 hours and then at room temperature for an hour, the 
product decomposed with ice and ammonium chloride, the ethereal 
solution washed and dried over anhydrous sodium sulphate, and the 
ether removed. The residual viscous amber oil could not be induced 
to crystallise, so the crude isopropyldihydrobenzanthranol was 
dehydrated by warming its solution in glacial acetic acid (75 c.c.) and 
hydrochloric acid (2 ¢.c.). The resulting hydrocarbon was obtained 
free from resinous by-products by the addition of a solution of picric 
acid (20 g.) in acetic acid (75 c.c.). This resulted in separation of a 
thick meal of light reddish-brown needles, which were recrystallised 
from 5% alcoholic picric acid. This picrate (m. p. 157—158°) was 
decomposed with ammonia. The resulting 10-isopropyl-1 : 2-benz- 
anthracene separated slowly from its supersaturated cold solution 
in acetic acid as large colourless crystals, m. p. 94—95° (Found : 
C, 93-3; H,6-7. C,,H,, requires C, 93-3; H, 6-7%). 
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Methyl Derivatives of 1 : 2-Benzanthracene. 


Preparation of the Ketones.—A mixture of the appropriate acid 
chloride (1 part) with the suitable methyl- or dimethyl-naphthalene 
(1 part) and carbon disulphide (3 parts) was treated at 0° with 
anhydrous aluminium chloride (1 part), and kept at 0° for 6 hours. 
The product was decomposed with ice and hydrochloric acid, and 
steam-volatile substances were removed, the steam distillation being 
completed in presence of alkali, to destroy any excess of acid chloride. 
The residual ketones were then crystallised, first from acetic acid 
and then from methyl! alcohol (animal charcoal), until they melted 
constantly. They were all well-crystallised colourless compounds, 
formed in good yield, and gave orange-red solutions in concentrated 
sulphuric acid. The acid chlorides and hydrocarbons employed are 
apparent from the names : 

1-m-Toluoyl-2-methylnaphthalene, m. p. 107-5—108-5° (Mayer, 
Fleckenstein, and Giinther, Ber., 1930, 63, 1471, give m. p. 104—105°). 

1-(3’ : 4’-Dimethylbenzoyl)-2-methylnaphthalene (from 2 methyl- 
naphthalene and 3:4-dimethylbenzoyl chloride; Morgan and 
Coulson, J., 1931, 2326), m. p. 109° (Found: C, 87-4; H, 6-55. 
CyoH,,0 requires C, 87-6; H, 6-6%). 

1-Benzoyl-2 : 6-dimethylnaphthalene, m. p. 84° (Found: C, 88-0; 
H, 6-2. C,,H,,0 requires C, 87-7; H, 6-15%). 

1-Benzoyl-2 : 7-dimethylnaphthalene, m. p. 91—92° (Found: C, 
87-6; H, 6-0%). 

1-m-Toluoyl-2 : 6-dimethylnaphthalene, m. p. 82° (Found: C, 
87-4; H, 6-7. C,,H,,0 requires C, 87-6; H, 6-6%). 

1-m-Toluoyl-2 : 7-dimethylnaphthalene, m. p. 115—116° (Found : 
C, 87-4; H, 6-7%). 

1-p-Toluoyl-2 : 6-dimethylnaphthalene, m. p. 109° (Found: C, 
87-3; H, 6-65%). 

1-p-Toluoyl-2 : 7-dimethylnaphthalene, m. p. 98—99° (Found: 
C, 87-4; H, 6-5%). | 

Pyrolysis of the Ketones.—The ketones were dehydrated by 
heating in a Claisen flask of Pyrex glass, in a metal-bath, until water 
was no longer formed and boiling had ceased. In most cases this 

took about 2 hours at 440—450° or 4 hours at 410—420°, although 
in some cases a longer time was necessary. It was not found that 
the longer heating at the lower temperature gave purer products 
than the shorter heating at the higher temperature. The residue 
in the flask was then distilled, the fraction, b. p. 210—280°/5—7 mm., 
being recrystallised from acetic acid; very little advantage accrued 
from fractional distillation at this stage. 

For purification of the crude hydrocarbons, the substance obtained 
in this way (1 part) was converted into picrate by crystallisation 
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from acetic acid containing picric acid (1-5 parts). The dark red 
erude picrate was dried and recrystallised from benzene until it had 
a constant melting point. 2’ ; 7-Dimethyl-1 : 2-benzanthracene did 
not form a picrate ; the hydrocarbon itself crystallised from the acetic 
acid—picric acid mixture. In three other cases (7-methyl-, 3’ : 6-di- 
methyl-, and 3’: 7-dimethyl-benzanthracenes) the picrates_ first 
formed were partly or wholly decomposed by recrystallisation from 
benzene. In spite of this, the same general procedure was adopted, 
as the picrates of by-products remained in solution. This dis- 
sociation of the picrates appeared to be due to the fact that in these 
particular cases the hydrocarbons were less soluble than the picrates 
rather than to any depressed capacity to form picrates. 

In the other cases the picrates, which crystallised in dark red 
needles, were decomposed in benzene solution by shaking with 
sodium carbonate solution, and the benzene solution was then shaken 
with a little concentrated sulphuric acid to remove traces of coloured 
impurities. The final pure hydrocarbons separated from suitable 
solvents as colourless leaflets of sharp melting point. 

The yields of crude hydrocarbons were about 20—25%, and of 
pure hydrocarbons, about 5—10%, calculated with reference to the 
ketones, although the yield of pure 3’ : 7-dimethyl-1 : 2-benzanthra- 
cene was only about 1%, 

For oxidation to the quinones, a solution (or suspension) of the 
pure hydrocarbon (1 part) in glacial acetic acid (25 parts) was boiled 
for an hour with sodium dichromate (2 parts). The quinones, 
which crystallised on cooling, were fairly pure, but were recrystal- 
lised to constant melting point before aralysis. They were all 
obtained in orange needles, of various shades. 

1 : 2-Benzanthracene.—The crude hydrocarbon, m. p. 147—150°, 
formed by pyrolysis of 1-o-toluoyl-2-methylnaphthalene, was 
purified through the picrate and then melted at 158—159° alone or 
mixed with authentic 1: 2-benzanthracene. The product of this 
reaction was described as 8-methyl-1 : 2-benzanthracene by Dzie- 
wonski and Ritt (loc. cit.). 

6-Methyl-1 : 2-benzanthracene, from 1-p-toluoy]-2-methylnaphthal- 
ene; m. p. 150-5—151-5°, from alcohol (compare Dzieworski and 
Ritt, doc. cit.) (Found: C, 94-1; H, 5-9. C, gH,, requires C, 94-2; 
H, 58%); pierate, m. p. 152—153° (Found: C, 63-6; H, 3-8. 
C49H4,CgHgO,Ng requires C, 63-7; H, 3-6%); the quinone melted 
at 174°, in agreement with Dziewonski and Ritt. 

7-Methyl-1 : 2-benzanthracene, from 1-m-toluoyl-2-methylnaphtha- 
lene; m. p. 182°, from benzene (Found : C, 94-1; H,5-9%) ; quinone, 
m. p. 167°, from acetic acid (Found: C, 83-6; H, 4:5. CH,0, 
requires C, 83-8; H, 44%). - 
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2’-Methyl-1 : 2-benzanthracene, from  1-benzoyl-2 : 7-dimethyl- 
naphthalene; m. p. 149—150°, from alcohol (Found: C, 93-9; 
H, 58%) ; picrate, m. p. 180° (Found : C, 64-0; H, 4-2%) ; quinone, 
m. p. 189—190°, from methyl ethyl ketone (Found: C, 83-7; H, 
45%). 

3’-Methyl-1 : 2-benzanthracene, from 1-benzoy]-2 : 6-dimethyl- 
naphthalene; m. p. 160° (depressed by 1 : 2-benzanthracene), from 
alcohol (Found : C, 93-9; H, 5-8%) ; picrate, m. p. 144—145° (Found ; 
C, 63-6; H, 40%); quinone, m. p. 168°, from methyl ethyl ketone 
(Found: C, 83-75; H, 45%). 

6 : 7-Dimethyl-1 : 2-benzanthracene, from _1-(3’ : 4’-dimethyl- 
benzoyl)-2-methylnaphthalene; m. p. 174°, from ethyl acetate 
(Found : C, 93-95; H, 64. C,,H,, requires C, 93-7; H, 63%); 
picrate, m. p. 170° (Found: C, 64:3; H, 4-4. C,9H,,.,C,H,0,N, 
requires C, 64:3; H, 3-9%);- quinone, m. p. 193°, from benzene 
(Found : C, 83-6; H, 5-1. C, 5H,,O, requires C, 83-9; H, 49%). 

2’ : 6-Dimethyl-1.: 2-benzanthracene, from. | 1-p-toluoy]-2 : 7-di- 
methylnaphthalene ; m. p. 164°, from acetic acid (Found : C, 93-7 ; 
H, 6:3%); picrate, m. p. 199—200° (Found: C, 64-1; H, 44%); 
quinone, m. p. 160—161°, from benzene (Found : C, 83-9; H,49%). 

2’ : 7-Dimethyl-1 : 2-benzanthracene (X1).—{i) From 1-m-toluoyl- 
2: 7-dimethylnaphthalene; m. p, 236°, from xylene (Found: C, 
93-6; H, 63%); quinone, m. p. 176-5—177:5°, from benzene 
(Found: C, 84:0; H, 5-0%). 

(ii) The same hydrocarbon was also obtained by repeated crystal- 
lisation from benzene of the hydrocarbons recovered from the 
benzene picrate liquors of the crude product of pyrolysis of 1-p-tolu- 
oyl-2 : 7-dimethylnaphthalene. It was identified by direct com- 
parison with a sample prepared as described wate (i) and also by 
conversion into the quinone. 

(iii) The brittle resinous ketone (IX; R = Me), b. p. 225°/4 mm., 
obtained from cuminoy] chloride and 2 : 7-dimethylnaphthalene, was 
submitted to pyrolysis in the usual:way. ‘The only pure compound 
isolated from the small yield'.of solid hydrocarbons was 2’ : 7-di- 
methyl-1 ; 2-benzanthracene, identified by the method of mixed 
melting points. ; 

3’ : 6-Dimethyl-1 ; 2-benzanthracene, | from © 1-p-toluoyl-2 : 6-di- 
methylnaphthalene; m. p. 186—187°, from ethyl acetate (Found : 
C, 93-5; H, 63%); quinone, m. p. 205—-205-5°; from ethyl acetate 
(Found : C, 83-9; H, 4:95%): 

In one experiment the crude hydrocarbon, which had been 
exposed to the air for several days, was purified in the usual manner, 
and the purified hydrocarbon was found to be contaminated with a 
product very sparingly soluble in benzene. This was twice recrystal- 
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lised from xylene, and formed almost colourless needles, m. p. 
250—263° (decomp.), which had the properties of a dianthrone 
(Found: C, 88-3; H, 5-6. Cy, 9H 90, requires C, 88-5; H, 5-5%). 
This was probably formed by atmospheric oxidation of a dimethy]- 
1 : 2-benz-9-anthrone present in the crude hydrocarbon, and recalls 
the isolation of anthrones from the products of the Elbs reaction in 
certain other cases (Morgan and Coulson, J., 1929, 2552; 1931, 
2324). 

“y 7-Dimethyl-1 : 2-benzanthracene, from  1-m-toluoyl-2 : 6-di- 
methylnaphthalene; m. p. 189—190°, from ethyl acetate (Found : 
C, 93-5; H, 62%); quinone, m. p. 157°, from ethyl acetate (Found : 
C, 83-7; H, 48%). 

The last two analyses were microanalyses by Dr. A. Schoeller. 


Summary. 


The cancer-producing properties of a hydrocarbon mixture shown 
to contain 6-isopropyl-1 : 2-benzanthracene and probably 6-methy]- 
1 : 2-benzanthracene, with the possibility of the corresponding 
7-substituted compounds, has led to the synthesis of pure 6- and 
7-isopropyl-1 : 2-benzanthracenes. For comparison, 3- and 10-iso- 
propyl-1 : 2-benzanthracenes have also been prepared. 

The four 8-monomethyl-1 : 2-benzanthracenes have been prepared, 
so that five of the twelve possible isomerides are now known. 
Further, five of the six possible $-dimethyl-1 : 2-benzanthracenes 
have been synthesised. The new hydrocarbons have all been 
characterised by their quinones and, as far as possible, by their 
picrates. 


I am indebted to the Dyestuffs Group of Imperial Chemical 
Industries, Ltd., for a supply of sodium o-naphthionate, from which 
the naphthalene-1 :2-dicarboxy anhydride was prepared. In 
addition, I am pleased to make acknowledgment of the part played 
in this investigation by my assistant, Mr. F. Goulden, who prepared 
many of the materials required, and all the crude methy] derivatives 
of 1-benzoylnaphthalene, and the crude methyl- and dimethy]- 
benzanthracenes. I have, however, purified and, except in the 
two cases noted, analysed all the new compounds, and accept full 
responsibility for all data given. 

The catalytic hydrogenation experiments were carried out in a 
laboratory plant supplied by Technical Research Works, Ltd. 


Tse ResEaRcH InsTITUTE OF THE CANCER HospiTaL (FREE), 
Lonpon, S.W. 3. [Received, December 21st, 1931.] 
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56. A New Reaction of Certain Diazosulphonates 
derived from B-Naphthol-1-sulphonic Acid. Part 
IX. Preparation of Phthalazine, Phthalazone, and 
Phthalimidine Derivatives from 5-Nitro-o-toluidine. 


By Freprerick Maurice Rowe and Francis JoSEPH SIDDLE. 


In order to obtain further evidence with regard to the constitutions 
attributed to the phthalazine, phthalazone and phthalimidine 
derivatives prepared from 6-naphthol-l-sulphonic acid and di- 
azotised p-nitroaniline (J., 1926, 690; 1928, 2550; 1931, 1067), 
the compounds now described from 5-nitro-o-toluidine were 
examined at the same time as those prepared from the halogen 
derivatives (J., 1931, 1073; this vol., p. 11). 

In general, the course of the reactions and the properties and 
yields of the products in the present series approximate to those 
observed with the analogous lower homologues containing the nitro- 
or amino-group in the 4’-position, but in some instances the 2’-methyl 
group leads to similar results to those obtained with compounds 
containing a 2’-chloro-atom. 

Conversion of  4’-nitro-2’-methylbenzene-2-naphthol-1-diazo- 
sulphonate through sodium  1-(4’-nitro-2’-methylbenzeneazo)-8- 


nee: tee (I) into sodiwm hydrogen 3-(4'-nitro- 

2’-methylphenyl)-1 : 3-dihydrophthalazine-1-sulphonate-4-acetate (II) 
proceeds readily and little 4’-nitro-2’-methylbenzeneazo-f-naphthol 
is formed. 


Cie + 00m 


(I.) CH, -CO,H 


The sodium hydrogen salt possesses greater tinctorial power than 
the analogous lower homologue, but is also fugitive to light. In 
replacing the sodium-1l-sulphonate group by hydroxyl, the use of 
too concentrated acid precipitates the free sulphonic acid, which 
is then hydrolysed only with difficulty. 1-Hydroxy-3-(4'-nitro-2'- 
methylphenyl)-1 : 3-dihydrophthalazine-4-acetic acid, however, is 
obtained readily by the use of more dilute acid and this modific- 
ation appears to be generally applicable. Reduction to 1-hydroxy- 
3-(4'-amino-2’-methylphenyl )tetrahydrophthalazine-4-acetic acid can be 
effected either with alkaline hydrosulphite (hyposulphite) or with 
sie 1 alam and hydrochloric acid, but the former is the better 

R 
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method, as subsequent degradation is more rapid with acid than 
with alkali. 

Unexpeeted difficulties were encountered in preparing 2’-chloro- 
4’-nitro-3-phenylphthalaz-l-one (loc. cit.), but 4'-nitro-3-phenyl- 
2’-methylphthalaz-1-one (VII) and its 4-methyl derivative respect- 
ively are formed from ‘1-hydroxy-3-(4’-nitro-2'-methylpheny])- 
1 ; 3-dihydrophthalazine-4-acetic acid in the usual manner. Methyl- 
ation of the oxygen atom in the keto-group of 4’-nitro-3-phenyl- 
2’-methylphthalaz-l-one proceeds similarly to the case of the 
analogous lower homologue. The primary product combines with 
alcohols (III) and is then so reactive that it is impossible to deter- 
mine its formula by analysis. By heating the compound after 
crystallisation from an‘alcohol first at 100° and then at 140°, how- 
ever, it is converted into 4-keto-1-methory-3-(4'-nitro-2'-methyl- 
phenyl)-3 : 4-dihydrophthalazine (IV), from which 1 : 4-diketo-3- 
(4’-nitro-2’-methylphenyl)tetrahydrophthalazine (V) is obtained by 
demethylation. 


ir stg (IV.) 
yy Bo Oe i 


(Me or Et)O” H 


x: cH 
mK sO Cee.) 


(V,) 


This behaviour, therefore, is quite different from that of the di- 
halogeno-derivatives (loc. cit.). On the other hand, the methyl- 
ation of 4’-nitro-3-phenyl-2’ : 4-dimethylphthalaz-l-one is com- 
parable with all other cases yet examined and gives 4’-nitro-1-meth- 
oxy-3-phenyl-2’-methyl-4-methylene-3 : 4-dihydrophthalazine (V1). 

In view of the properties of the nitro-3-phenylphthalaz-1-ones, 
it appeared possible that they might react with acetone in a similar 
manner to berberine (compare Pyman, J., 1911, 99, 1690). 4’-Nitro- 
3-pheny]-2'-methylphthalaz-l-one (VII) does react with acetone, 
but differs from berberine in ‘that the final result is equivalent to 
the addition of acetone, and 1-hydroxy-4-acetonyl-3-(4'-nitro-2’- 
methylphenyl)-3 : 4-dihydrophthalazine (VIII) is formed. This 
behaviour, however, is unique at present in that we have failed 
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han to prepare corresponding acetone compounds from any other nitro- 
3-phenylphthalaz-1-ones, 
ITO- OH 
nyl- 
ect- 46 S . ON >: 
71). aN NO, —> NO, ; 
“tg \ WA " ® r (VIII.) | 
A (VIL). oft COMe 
1e ; 
ith 1-Hydroxy-3-(4’'-amino-2’-methylphenyl)tetrahydrophthalazine-4- 
aby acetic acid is converted into 4’-amino-3-phenyl-2'-methylphthalaz-1- 
ter one and its 4-methyl derivative respectively in the usual manner, the 
rw. latter being formed even by heating with sodium carbonate solution 
vyl- at the ordinary pressure. The products obtained by reduction of 
1.3. these amino-3-phenylphthalaz-l-ones vary with the conditions 
by employed. Thus, reduction with alkaline hydrosulphite gives 


1 -keto-3-(4'-amino-2'-methylphenyl)tetrahydrophthalazine (IX) and its 
4-methyl derivative respectively, whereas reduction with zinc dust 
and hydrochloric acid gives 4'-amino-N-phenyl-2'-methylphthalim- 
idine (X) and its 3-methyl derivative respectively. 


CO: CO 
o¢ \wH 4 
NH. 
AX > 2 a big oe 
ft ia CH,” (Kh. 7 
In the latter cases scsi also always occurs with form- 
ation of some p-tolylenediamine. 
Finally, 4’-nitro-3-phenyl-2'-methylphthalaz-4-one (XII) was pre- 
2 pared for purposes of comparison. The condensation of equi- 
molecular proportions of phthalaldehydic acid and 5-nitro-o-toly]- 


hydrazine in boiling alcoholic solution gives the lactone form of 
o-carboxybenzaldehyde-5-nitro-o-tolylhydrazone (X1), which is much 


2 nea, 


rf more stable than the analogous lower homologue (loc. cit.). A 

a molecule of water is eliminated, however, when the hydrazone is 

th. dissolved in warm concentrated sulphuric acid or in amyl-alcoholic 
hydrogen chloride (compare Aggarwal, Darbari, and Ray, J., 1929, b 
1941). ; 


ne . /B-NENE-C NO, 


H q 
y ¥ 
‘O- yo Me —> \ N NO ' 
Le, aie 
to co (X1.) 00% xin) a | 


4'.Nitro-3-phenyl-2’-methylphthalaz-4-one does not form salts 
- with mineral acids or with picric acid, is insoluble in sodium hydr- 
oxide solution, and does not react with methyl] sulphate. 








eee 





476 ROWE AND SIDDLE: A NEW REACTION OF 


Work on the action of sodium hydroxide on various 2’-nitro- 
benzene-2-naphthol-1-diazosulphonates, which exhibit striking 
differences from the 3’- and 4’-nitro-isomerides, is in progress. 


EXPERIMENTAL. 


Where details are omitted, the compounds were prepared by 
exactly the same procedure as that described for the corresponding 
lower homologues containing the nitro- dr amino-group in the 
4’-position (J., 1926, 699; 1928, 2553; 1931, 1070). 

Sodium Hydrogen 3-(4'-Nitro-2'-methylphenyl)-1 : 3-dihydrophthal- 
azine-1-sulphonate-4-acetate (I1).—A filtered solution of commercial 
50% sodium $-naphthol-1l-sulphonate (50 g.) in water (170 c.c.) was 
stirred slowly at 0° into a solution of diazotised 5-nitro-o-toluidine. 
The latter was obtained by adding a concentrated aqueous solution 
of sodium nitrite (7-3 g.) to a suspension of the base (15-2 g.) in 
dilute hydrochloric acid (190 c.c. of 1:5). The 4’-nitro-2'-methyl- 
benzene-2-naphthol-1-diazosulphonate separated immediately as an 
orange precipitate, which was filtered off, washed free from acid 
with water, made into a paste with cold water (160 c.c.), and stirred 
into a cold solution of anhydrous sodium carbonate (28 g.) in water 
(70 c.c.). The orange solution produced [orange needles of sodium 
]-(4’-nitro-2’-methylbenzeneazo)-$-naphthaquinone-1-sulphonate (I) 
separated on addition of salt] was added immediately to a cold 
solution of sodium hydroxide (25 g.) in water (45 c.c.); the temper- 
ature rose about 8°, and the deep crimson mixture was left over- 
night until the colour had changed completely to yellowish-brown. 
The pure product was isolated in the usual manner, after separation 
from 4’-nitro-2’-methylbenzeneazo-$-naphthol (1—2 g.). Sodiwm 
hydrogen 3- (4'-nitro-2' -methylphenyl)-1 : 3-dihydrophthalazine -1- 
sulphonate-4-acelate (yield, 37 g.; 86-7%, calculated on the 5-nitro- 
o-toluidine) crystallised from alcohol in large, orange, irregular 
prisms (Found: §S, 7-8. C,,H,,0,N,SNa requires 8, 7-5%). It 
was readily soluble in water, but less soluble in alcohol. The 
yellow aqueous solution was deepened in colour by the addition of 
alkali, and was decolorised by zinc dust and ammonia, a deeper 
colour returning on exposure to air. It is a level-dyeing, yellow 
acid dye of even greater tinctorial power than the lower homologue, 
but also fugitive to light. 

1-Hydroxy-3-(4'-nitro-2'-methylphenyl) - 1 : 3-dihydrophthalazine -4 - 
acetic Acid.—A solution of sodium hydrogen 3-(4'-nitro-2’-methyl- 
pheny]l)-1 : 3-dihydrophthalazine-1-sulphonate-4-acetate (60 g.) in 
water (250 c.c.) was boiled, and concentrated hydrochloric acid 
(30 c.c.) added gradually (to avoid precipitation of the free sulphonic 
acid) until evolution of sulphur dioxide had ceased and the product 
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had formed a straw-coloured crystalline mass. The latter was 
washed with boiling water and crystallised from ethyl acetate. 
1 - Hydroxy -3 - (4'- nitro-2'- methylphenyl) -1 : 3-dihydrophthalazine -4- 
acetic acid formed pale yellow plates, m. p. 238° (yield, 44 g.; 91-8°%) 
(Found: C, 59-95; H, 4-6; N, 12-5. C,,H,,0;N; requires C, 
59-8; H, 4-4; N, 123%), readily soluble in alcohol, acetone or 
glacial acetic acid, but almost insoluble in benzene and toluene, and 
insoluble in ether. It was very sparingly soluble in water, forming 
a solution acid to litmus, but dissolved in sodium carbonate or 
hydroxide with a deep red colour, and in cold concentrated sulphuric 
acid with an orange colour, being reprecipitated unaltered on dilution. 

Derivatives of 1-Hydroxy-3-(4'-nitro-2'-methylphenyl)-1 : 3-dihydro- 
phthalazine-4-acetic. Acid.—The methyl ester crystallised from methyl 
alcohol in pale yellow, rhombic prisms, m. p. 186° (Found : C, 61-05; 
H, 4:8. C,,H,,0;N, requires C, 60-85; H, 4-8%). The ethyl ester 
crystallised from alcohol in pale yellow, cubic prisms, m. p. 165° 
(Found: C, 61-95; H, 5-3. C,,H,,O;N, requires C, 61-8; H, 
5-15°%). Both esters were insoluble in sodium carbonate solution, 
but dissolved in sodium hydroxide with a deep red colour. The 
acetyl derivative crystallised from alcohol in pale yellow needles, 
m. p. 228° (Found: C, 59-45; H, 4:7. C, ,H,,0,N, requires ©, 
59-5; H, 44%). It dissolved in sodium carbonate with an orange- 
brown colour and in sodium hydroxide with a blood-red colour. 
The anilide crystallised from ethyl acetate in yellow prisms, m. p. 
211—212° (Found: C, 66-5; H, 4-9. C,,H,O,N, requires C, 
66-3; H, 48%). It was soluble in warm sodium hydroxide solution 
with a brownish-red colour. 

1 - Hydroxy -3 - (4'- amino -2'- methylphenyl)tetrahydrophthalazine - 4 - 
acetic Acid.—Prepared from 1-hydroxy-3-(4'-nitro-2’-methylphenyl)- 
1 : 3-dihydrophthalazine-4-acetic acid (12 g.) by reduction with 
alkaline sodium hydrosulphite (pale yellow prisms of the sodium 
salt separated incompletely from the cold reduction mixture) ; this 
acid crystallised from a large volume of boiling water in colourless 
prisms, m. p. 217° (yield, 10-6 g.; 96-2%) (Found: C, 65-2; H, 
5-9; N, 13-6. C,,H,0,N, requires C, 65-2; H, 6-1; N, 13-4%). 
It was prepared also by rapid reduction of 1-hydroxy-3-(4'-nitro- 
2’-methylphenyl)-1 : 3-dihydrophthalazine-4-acetic acid (10 g.) with 
boiling acid stannous chloride (40 g. in 100 c.c. of concentrated 
hydrochloric acid), and was isolated by rendering the solution 
alkaline with sodium carbonate, filtering it, and precipitating the 
filtrate with acid (yield, 7-5 g.; 81-7%). It dissolved in alcohol 
and glacial acetic acid, but crystallisation from these solvents 
lowered the melting point, probably owing to partial esterification 
and acetylation respectively. It gave a transient red colour with 
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ferric chloride. The acetyl derivative crystallised from glacial acetic 
acid in colourless needles, m. p. 265° (Found; C, 64:3; H, 6-0. 
C,5H,,0,N, requires C, 64-2; H, 5-9%). 

4'. Amino-3-phenyl-2'-methylphthalaz-1-one.—A solution of 1-hydr- 
oxy -3-(4'-amino-2’-methylphenyl)tetrahydrophthalazine - 4 - acetic 
acid (5 g.) in concentrated sulphuric acid (25 c.c.) and water (30 c.c.) 
was boiled under reflux for 14 hours, acetic acid being eliminated. 
The solution was diluted with water (50 c.c.), boiled (charcoal), and 
filtered. The pale yellow solution was neutralised with sodium 
hydroxide solution; long yellow needles then separated, m. p. 
130°, containing water of crystallisation, or m. p. 249—251°, after 
drying at. 120° (Found: Joss at 120°, 3-55. C,;H,,ON;,4H,O 
requires H,O, 3-45%). 4'-Amino-3-phenyl-2’-methylphthalaz-1-one 
crystallised from alcohol in yellow prisms, m. p. 255° (yield, 3:6 g. ; 
898%) (Found: C, 71:7; H, 5-4; N, 16-5. C,,H,,ON, requires 
C, 71:7; H, 5-2; N, 167%). It was prepared also (yield, 74-8%,) 
by boiling a solution of 1-hydroxy-3-(4’-amino-2’-methylpheny])- 
tetrahydrophthalazine-4-acetic acid in excess concentrated hydro- 
chloric acid under reflux for 20 hours and then collecting the colour- 
less needles of the hydrochloride after cooling. The acetyl deriv- 
ative crystallised from alcohol in colourless rhomboidal plates, m. p. 
300—302° (Found: OC, 69-8; H, 5-3. C,,H,;0,.N, requires C, 
69-6; H, 5-1%), which became blue on the surface on exposure to 
light. 

1-Keto-3-(4'-amino-2'-methylphenyl)tetrahydrophthalazine (IX).—A 
fine suspension of 4’-amino-3-pheny]-2’-methylphthalaz-l-one (4 g.), 
obtained as described for the 2’-chloro-analogue (this vol., p. 16), 
was reduced similarly with alkaline sodium hydrosulphite until a 
paler yellow flocculent precipitate was obtained. 1-Keto-3-(4’- 
amino-2'-methylphenyl)tetrahydrophthalazine crystallised from toluene 
in yellow needles, m. p. 203—205° (yield, 2-6 g.; 64:5°,) (Found : 
C, 71:3; H, 6-15. C,;H,,ON, requires C, 71-15; H, 59%). Pro- 
longed boiling with mineral acid or nitrobenzene resulted in partial 
reconversion into 4’-amino-3-phenyl-2’-methylphthalaz-l-one. The 
acetyl derivative crystallised from a large volume of toluene in pale 

yellow prisms, m. p. 212—214° (Found: C, 69:3; H, 60. 
C,7H,,0,N, requires C, 69-15; H, 5°75%). 

4’. Amino-N-phenyl-2'-methylphthalimidine (X).—This was pre- 
pared from 4’-amino-3-phenyl-2’-methylphthalaz-l-one (5 g.). The 
hydrochloride did not separate and the product was precipitated by 
adding excess of sodium hydroxide to the reduction mixture. The 
filtrate contained ammonia and some p-tolylenediamine. 4’-Amino- 
N-phenyl-2’-methylphthalimidine crystallised from alcohol in colour- 
less flat prisms, m. p. 176—177° (yield, 3 g.; 63°3%) (Found: C, 
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75-7; H, 5-9. C,;H,,ON, requires C, 75:6; H, 59%). The hydro- 
chloride formed colourless plates and the acetyl derivative. crystal- 
lised from alcohol in colourless prismatic needles, m. p. 185° (Found : 
(, 72-8; H, 5-95. C,,H,,0,N, requires C, 72-9; H, 5-7%.) . 

4’-Hydroxy-N -phenyl-2'-methylphthalimidine was prepared from 
4’-amino-N-phenyl-2’-methylphthalimidine. It crystallised from 
alcohol in colourless transparent prisms, m. p: 227° (Found; OC, 
754; H, 56. C,,;H,,0,N requires C, 75:3; H, 5-4%).' The 
methyl ether crystallised from methyl alcohol in colourless, flat, 
rectangular prisms, m. p. 161° (Found: C, 75-8; H, 6-15. 
C,sH,;O.N requires C, 75-9; H, 5-9%). 

4’- Nitro-3-phenyl-2’-methylphthalaz-1-one (V1L).—After 1-hydroxy- 
3-(4'-nitro-2’-methylphenyl)-1 : 3-dihydrophthalazine-4-acetic acid 
(5 g.) had been boiled with aqueous sulphuric acid (110 c.c.; b. p. 
140°), the solution was diluted with water (50 c:c.), boiled (charcoal), 
and filtered. After cooling, the sulphate (colourless needles, m. p. 
244-246°, resolidifying and then melting at 279°) was filtered off and 
neutralised with sodium carbonate. A further quantity, but less 
pure, was isolated by almost neutralising the filtrate. 4'-Nitro-3- 
phenyl-2'-methylphthalaz-l-one crystallised from pyridine in light 
yellow needles, m. p. 279° (yield, 3 g.; 72:8%) (Found: C, 64-1; 
H, 4-1. C,,;H,,0,N, requires C, 64:1; H, 3-9%), readily soluble in 
glacial acetic acid, soluble in alcohol and nitrobenzene, and very 
sparingly soluble in benzene. It is insoluble in sodium carbonate, 
but dissolves in sodium hydroxide with a deep orange-red colour ; 
with mineral acids it forms salts (the hydrochloride crystallised from 
alcohol in pale yellow needles, m. p. 195—199°, resolidifying and 
then melting at 279°), which are decomposed by water, although 
more stable than the salts of the lower homologue. With an 
alcoholic solution of picric acid it forms a picrate, bright yellow 
needles, m. p. 208—210°, decomposed progressively by recrystallis- 
ation from alcohol (Found: C, 49-6; H, 2°85. C©,,H,,Oj9N, 
requires C, 49-4; H, 2-75%). 

Reduction. (a) A fine aqueous suspension of 4'-nitro-3-pheny]l- 
2’-methylphthalaz-l-one was heated to 80° with aqueous sodium 
sulphide, and the orange-red solution was then. boiled for 10 minutes 
until the colour had changed to brownish-yellow. The 4'-amino- 
3-phenyl-2’-methylphthalaz-l-one separated, identical with that 
obtained from 1-hydroxy-3-(4’-amino-2’-methylphenyl)tetrahydro- 
phthalazine-4-acetic acid (p. 478). 

(b) Reduction with zinc dust and hydrochloric acid converted the 
nitro-compound into 4’-amino-N-phenyl]-2’-methylphthalimidine, 
identical with that obtained similarly from 4'-amino-3-phenyl- 
2’-methylphthalaz-l-one (p. 478). 
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Action of Methyl Sulphate on 4'-Nitro-3-phenyl-2'-methylphthalaz- 
l-one.—An orange-yellow substance was obtained, which formed 
a hydrochloride, colourless needles, and was insoluble in cold 
alkalis. The basic substance could not be crystallised from ethyl 
acetate, but with alcohol became first resinous and then crystalline 
(III). Thus crystallisation from ethyl alcohol gave orange leaflets, 
m. p. 93°, and crystallisation from methyl alcohol gave orange 
leaflets, m. p. 149—.150°. The latter compounds decomposed on 
drying and so could not be analysed, but by heating first at 100° 
and then at 140° both were converted gradually into 4-keto-]- 
methoxy-3-(4’-nitro-2’-methylpheny]l)-3 : 4-dihydrophthalazine (IV). 
There was also formed simultaneously a certain amount ‘of a second 
substance, red prisms, m. p. 255°, especially if heating was too 
rapid at first (compare J., 1928, 2562). 

4- Keto-1-methoxy-3-(4'- nitro- 2’- methylphenyl) -3 : 4-dihydrophthal - 
azine crystallised from alcohol in pale yellow needles or from glacial 
acetic acid in colourless needles, m. p. 184—185° (Found : C, 61-8; 
H, 43; N, 13-6; OMe, 9-9. C,,H,,0,N, requires C, 61-7; H, 4-2; 
N, 13-5; OMe, 10-0%). Hydrobromic acid converted it into 1 : 4- 
diketo-3-(4'-nitro-2’-methylphenyl)tetrahydrophthalazine (V), which 
crystallised from glacial acetic acid in almost colourless needles, 
m. p. 267° (Found: C, 60-3; H, 3-9. C,,;H,,0,N; requires C, 60-2; 
H, 3-7%), insoluble in dilute mineral acids, but soluble in dilute 
sodium carbonate with a yellow colour. 

Action of acetone. 4’-Nitro-3-phenyl-2’-methylphthalaz-1l-one 
(2 g.) was converted into the sulphate, which was dissolved in the 
minimum amount of dilute sulphuric acid (1:3) at 80°. One-half 
the volume of acetone was added to the hot solution and after 5 
minutes the mixture was rendered just alkaline with aqueous sodium 
hydroxide. After the deep red solution had been cooled, the white 
precipitate was collected, washed well with water, and dried. 
1-Hydroxy-4-acetonyl-3-(4'-nitro-2’-methylphenyl)-3 : 4-dihydrophthal - 
azine (VIII) crystallised from acetone in colourless needles, m. p. 
186—187° (yield, 1-4 g.; 58%) (Found: C, 63-9; H, 5-1; N, 12-2. 
C,gH,,0,N, requires C, 63:7; H, 5-0; N, 12-4%), insoluble in cold 
sodium carbonate, but soluble in sodium hydroxide solution with 
an orange-red colour. Unlike berberine-acetone (compare Gaze, 
Z. Naturwiss. Halle, 1890, 62, 399), it was unaltered when its 
alcoholic solution was boiled with chloroform. 

4’- Nitro-3-phenyl-2’ : 4-dimethylphthalaz-1-one.—A solution of 
1-hydroxy-3-(4’-nitro-2’- methylpheny])-1 : 3-dihydrophthalazine - 4 - 
acetic acid (12 g.) in cold concentrated sulphuric acid (100 c.c.) was 
poured on ice (200 g.), stirred mechanically, and powdered sodium 
dichromate (6 g.) added gradually during 1 hour. Next day, the 
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green solution was filtered, and almost neutralised with sodium 
hydroxide solution, and the yellow preciptate produced was washed 
with water and dried. 4’-Nitro-3-phenyl-2’ : 4-dimethylphthalaz-1-one 
crystallised from ethyl acetate in pale yellow needles, m. p. 209— 
210° (yield, 7 g.; 67-4%) (Found: C, 65-0; H, 46; N, 145. 
C,H 303N, requires C, 65-1; H, 4-4; N, 14-2%), soluble in alcohol, 
glacial acetic acid and pyridine. It was insoluble in sodium carbon- 
ate solution, but dissolved in sodium hydroxide solution with an 
orange-red colour; and with mineral acids it formed salts (hydro- 
chloride, colourless needles). With an alcoholic solution of picric 
acid, it formed a picrate, pale yellow needles, m. p. 229—230° 
(Found: C, 50-4; H, 3-1. C,.H,,0,)N, requires C, 50-4; H, 
305%). 

Action of methyl sulphate. A solution of 4’-nitro-3-phenyl-2’ : 4- 
dimethylphthalaz-l-one (1-5 g.) in hot dry nitrobenzene (25 c.c.) 
was treated with methyl sulphate (0-85 g.) at 95° for 10 minutes. 
The aqueous residue was filtered from resinous matter and the 
pale greenish-yellow filtrate gave, when rendered alkaline with 
sodium carbonate, an orange-red basic product. Crystallisation 
from ethyl acetate gave 4’-nitro-1-methory-3-phenyl-2’-methyl-4- 
methylene-3 : 4-dihydrophthalazine (V1) in red prisms, m. p. 118° 
(yield, 0-9 g.; 57-39%) (Found: C, 66-3; H, 5-0; OMe, 9-8, 9-9. 
C,7H,,03,N, requires C, 66-0; H, 4-85; OMe, 10-0%). It was readily 
soluble in mineral acids, forming colourless solutions from which it 
was reprecipitated on neutralisation. 

4’- Amino-3-phenyl-2’ : 4-dimethylphthalaz-1-one-—(a) This was 
prepared from 1-hydroxy-3-(4’-amino-2’-methylphenyl)tetrahydro- 
phthalazine-4-acetic acid (10 g.) and sodium dichromate (3-5 g.). 
The liquid was filtered, the filtrate almost neutralised with sodium 
hydroxide, and the yellowish-brown precipitate collected. 4’-Amino- 
3-phenyl-2’ : 4-dimethylphthalaz-l-one crystallised from alcohol in 
pale yellow needles, m. p. 287—288° (yield, 8 g.; 945%) (Found : 
C, 72-4; H, 5-7; N, 15-9. C,,H,,ON, requires C, 72-45; H, 5-7; 
N, 15-85%), soluble in hot water, pyridine, glacial acetic acid and 
mineral acids (hydrochloride, colourless needles). (b) A solution 
of 1-hydroxy-3-(4’-amino-2’-methylpheny])tetrahydrophthalazine-4- 
acetic acid (5 g.) in water (50 c.c.) and anhydrous sodium carbonate 
(10 g.) was heated under reflux at about 95° for 10 hours; the 
product separated progressively in pale yellow needles (yield 2 g. ; 
47-2%). Better results were obtained by using sodium hydroxide 
(5 g.) in place of sodium carbonate and filtering off the product at 
intervals (yield 3 g.; 70-9°%), or preferably a solution of potassium 
hydroxide (3 g.) in alcohol (55 c.c.) and refluxing for 4 hours (yield 
4 g.; 945%). (c) Reduction of 4’-nitro-3-phenyl-2’ : 4-dimethyl- 
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phthalaz-l-one with aqueous sodium sulphide. The products in 
all cases melted at 287—-288° and were identical in every respect. 
The acetyl derivative crystallised from alcohol in colourless needles, 
m. p. 304—305° (Found : ©, 70-2; H, 5-7. C,,H,,O,N, requires 
', 70-4; H, 55%), which on exposure became blue on the surface 
and then yellow. 

1-Keto-3-(4’-amino-2'-methylphenyl)-4 - methyltetrahydrophthalazine. 
——A fine suspension of 4’-amino-3-phenyl-2’ : 4-dimethylphthalaz-1- 
one (4 g.) was reduced similarly to the corresponding unmethylated 
compound (p, 478). 1-Keto-3-(4’-amino-2’-methylphenyl)-4-methyl- 
tetrahydrophthalazine crystallised from toluene in pale yellow needles, 
m. p. 204—205° (yield, 2-5 g.; 62%) (Found: C, 71-8; H, 6-4. 
C,,H,,ON, requires C, 71-9; H, 635%). It was partially recon- 
verted into 4’-amino-3-phenyl-2’ : 4-dimethylphthalaz-l-one when 
boiled with concentrated hydrochloric acid. 

4’. Amino-N-phenyl-2’ : 3-dimethylphthalimidine.—This was _pre- 
pared from a solution of 4’-amino-3-phenyl-2’ : 4-dimethylphthalaz- 
l-one (2 g.) in water (50 c.c.), and concentrated hydrochloric acid 
(50 c.c.) and zine dust (5 g.). Some p-tolylenediamine also was 
formed, | 4’-Amino-N-phenyl-2’ : 3-dimethylphthalimidine _ crystal- 
lised from alcohol in colourless hexagonal prisms, m. p. 183° (yield, 
0-8 g.; 42%) (Found: C, 76-1; H, 66: C,,H,,ON, requires C, 
76-2; H, 635%). The acetyl derivative crystallised from alcohol in 
colourless hexagonal prisms, m. p. 231° (Found: C, 73:2; H, 6:3. 
C,H, ,O,N, requires C, 73-5; H, 6-1%). 

4’. Nitro-3-phenyl-2’-methylphthalaz-4-one (XII).—Alcoholic solu- 
tions of equimolecular proportions of o-phthalaldehydic acid and 
5-nitro-o-tolylhydrazine, m. p. 180°, prepared from 5-nitro-o-tolu- 
idine (compare Davies, J., 1922, 121, 715), were boiled under reflux 
(compare J,, 1928, 2555). The lactone form of o0-carboxybenzalde- 
hyde-5-nitro-o-tolylhydrazone (X1) separated in orange-yellow needles, 
m. p. 225—226° (Found: C, 60-3; H, 4-5. C,,;H,,0,N, requires 
C, 60:2; H, 4:35%), sparingly soluble in dilute hydrochloric acid 
and soluble in dilute sodium carbonate solution with an orange- 
red colour. Water was eliminated by dissolving the compound 
in the minimum quantity of warm concentrated sulphuric acid 
and next day pouring the solution into water, or preferably by 
means of amyl-alcoholic hydrogen chloride (compare Aggarwal, 
Darbari, and Ray, loc. cit.), 4’-Nitro-3-phenyl-2’-methylphthalaz-4-one 
crystallised from alcohol in colourless needles, m. p. 187—188° 
(Found: ©, 64-3; H, 4-0. C,;H,,O,N, requires C, 64-1; H, 3-9%). 
It was insoluble in alkalis, did not form salts with mineral 
acids, did not form a picrate, and did not react with methyl 
sulphate. ; 
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57. Aliphatic Sulphonyl Fluorides. 
By Wiiu1am Daviss and Joun Henry Dick. 


ATTEMPTS to prepare any aliphatic sulphonyl fluoride have hitherto 
been unsuccessful. For example, Steinkopf and his collaborators 
(J. pr. Chem., 1927, 117, 13) showed that ethanesulphonyl fluoride 
is not obtained from the corresponding sulphonate or sulphonyl 
chloride by the action of fluorosulphonic acid, nor from the action 
of arsenic trifluoride on ethanesulphonyl chloride. It has now been 
found that the method of preparing aromatic sulphony] fluorides by 
heating the corresponding chloride with an aqueous solution of 
potassium fluoride (Davies and Dick, J., 1931, 2104) is also successful 
in the aliphatic series. Methane-, ethane-, «-chloroethane-, cyclo- 
hexane-, and «-toluene-sulphonyl fluorides have thus been readily 
prepared. In the case of methanesulphony]l fluoride, owing to the 
ease of hydrolysis of the corresponding chloride, a better yield can 
be obtained by simply heating the chloride in a metal flask with zinc 
fluoride. This method is slow and not so useful as the one mentioned 
above, but it can also be successfully employed in the aromatic series, 
as a 174% yield of p-toluenesulphony] fluoride is obtained from the 
chloride by heating it at 200° for 14 hours with excess of dry zinc 
fluoride (contrast Davies and Dick, loc. cit., p. 2105). 

The purely aliphatic sulphony] fluorides are colourless liquids with 
the odour of saturated alkyl halides, and they can be distilled and 
kept in glass vessels without appreciable change. They are much 
less reactive than the corresponding chlorides. The fluorides do not 
lose sulphur dioxide so readily as the aliphatic sulphonyl chlorides, 
when heated in the presence of compounds such as aluminium 
chloride and zinc chloride. Ethanesulphonyl fluoride, like the 
aromatic sulphony] fluorides, does not react with cold pyridine over 
a period of weeks, but benzylsulphonyl fluoride does slowly react 
with it. Aliphatic sulphonyl fluorides do not react readily in 
the cold with amines and even boiling water only hydrolyses the 
fluorides relatively slowly. Boiling the sulphonyl fluorides with 
excess of alkali, however, results in their complete hydrolysis to the 
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corresponding sulphonate and sodium fluoride, and this was the 
method of analysis adopted. The difference between the chlorides 
and the fluorides is only one of degree, higher temperatures or more 
prolonged action in the latter case resulting in the same condensation 
products as those readily obtained from the chlorides. 

The most satisfactory way of preparing some of the rather 
inaccessible aliphatic sulphonyl chlorides required is by the action 
of alkyl halides on sodium sulphite. 


EXPERIMENTAL. 


Preparation of Aliphatic Sulphonyl Chlorides.—Methane-, ethane- 
and cyclohexane-sulphonyl chlorides are prepared in poor yield by 
the method of Béeseken and van Ockenburg (Rec. trav. chim., 1914, 
33, 319). 

The best way of preparing ethane- and w-toluene-sulphonates is 
to heat at about 37°, with frequent shaking, the corresponding 
halides (ethyl iodide and benzyl chloride) with sodium sulphite 
(1 g.-mol.) in aqueous alcohol (compare the action of sodium sulphite 
on halides; Sprung, J. Amer. Chem. Soc., 1930, 52, 1644). After 
about 6 days little organic halide is left ; the mixture is then refluxed 
for an hour, the alcohol distilled off, and the dried residual salts freed 
from sodium iodide by means of acetone. Residual sodium chloride 
from benzyl chloride does not interfere with the action of phosphorus 
pentachloride. cycloHexanesulphonate can be made in this way 
from cyclohexyl bromide, but the reaction requires many weeks at 
37°. The dry sodium sulphonates are treated, with efficient cooling, 
with 5° excess of phosphorus pentachloride in the presence of a 
large amount of chloroform. In the case of sodium w-toluene- 
sulphonate the use of chloroform can be dispensed with, provided the 
reaction mixture is kept cold; otherwise the presence of phosphorus 
compounds brings about the production of sulphur dioxide and 
benzyl chloride. The chlorides are worked up in the usual way and 
overall yields of 50% of ethanesulphonyl chloride (b. p. 95—98°/50 
mm.) and 85% of w-toluenesulphonyl chloride (m. p. 93°) are 
obtained from the original organic halides. 

«-Chloroethanesulphonyl! chloride (b. p. 180°/20 mm.) is obtained 
after the method of Miiller and Randenbusch (Ber., 1931, 64, 94), 
in about 32% yield when the preparation is carried out on a large 
scale (44 g. of trithioacetaldehyde). 

Methanesulphonyl fluoride is best made in the dry way as follows. 
The corresponding chloride (15-5 g., b. p. 161°/730 mm.) is poured 
on dry zinc fluoride (10-5 g.; twice the theoretical quantity) in an 
inclined platinum distilling flask connected to a copper water- 
condenser by a rubber stopper. The flask is heated, with frequent 
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shaking, in an oil-bath for 18 hours, the temperature gradually rising 
from 100° to 160°; it is then cooled, a further 5 g. of zine fluoride 
added, and the liquid gently refluxed (oil-bath at 165—170°) for a 
further 6 hours. The liquid is then distilled from the platinum flask, 
almost all of it coming over at 123—124°, and by redistillation from 
a glass flask a yield of more than 80% of pure fluoride is obtained. 
The preliminary gradual heating from 100—160° is essential : 
another experiment in which the chloride was straightway heated at 
160—170° for 6 hours gave a purely inorganic residue in the flask, 
the chloride apparently having decomposed into gases (compare 
Béeseken and van Ockenburg, loc. cit.). _Methanesulphony] fluoride 
has b. p. 124-2°/754 mm., n% 1-3596 [Found : H.V. (see Davies and 
Dick, loc. cit., p. 2106), 20-22 c.c.; F, 19-2. CH,O,FS requires H.V., 
20-40 c.c.; F, 19-4%]. It has a smell reminiscent of chloroform, 
and when cold is not lachrymatory like the chloride. It reacts 
with warm piperidine, the piperidide being formed in plates very 
soluble in organic solvents, m. p. 48°, b. p. 167—168°/4 mm. (Found : 
C, 44-0; H, 81. C,H,,0,NS requires C, 44-2; H, 80%). This 
piperidide is at once formed in the cold from methanesulphonyl 
chloride. 

Ethanesulphonyl Fluoride.—Ethanesulphonyl chloride (30 g.) is 
heated, with almost continuous shaking, in a glass flask on the water- 
bath for 20 minutes with 70°% potassium fluoride solution (30 c.c.). 
The mixture is cooled, diluted, and extracted with ether, and the 
ether removed ; the residual oil is chlorine-free. The yield is 66-8% 
(17-5 g.). 

Ethanesulphonyl fluoride is chemically similar to the methyl com- 
pound, and has b. p. 134—135°, n° 13757 (Found: H.V., 17-70 c.c. 
F, 16-9. C,H,0,FS requires H.V., 17-86 c.c.; F, 17-0%). It can 
also be prepared, but less expeditiously, in the dry way described 
above. 

a-Chloroethanesulphonyl fluoride is made in the wet way precisely as 
the pag Wat fluoride, 20 g. of chloride yielding 12 g. of fluoride 
(67% yield). B. p. 138—139°, n®° 1-4070 (Found: H.V., 13-30 c.c. ; 
F, 12-9. C,H,0,CIFS requires H.V., 12-27 c.c.; F, 13-0%). The 
high hydrolysis figure indicates the slow hydrolysis of the chlorine 
atom, the total H.V. for both sulphonyl fluoride group and chlorine 
atom being 18-40 c.c. «-Chloroethanesulphonyl fluoride does not 
react appreciably with cold aniline over a period of several weeks, 
whereas the original chloride forms «-chloroethanesulphanilide 
almost instantly under the same conditions. 

eycloHexanesulphonyl Fluoride.—The chloride (44 g.) is boiled 
with 5 c.c. of potassium fluoride solution (70%) for 13 minutes. 
The fluoride, isolated in the usual way (2-2 g.; 55% yield), has b. p. 
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218° (Found : H.V., 12-04 c.c.; F, 11-5: C,H,,0,FS requires H.V., 
12-05 ¢.c.; F, 11-4%). 

w-Toluenesulphonyl Fluoride.—The chloride (10 g.) is dissolved in 
xylene (10 c.c.) and refluxed with potassium fluoride solution 
(10 c.c. of 70%) for 1 hour. The mixture is then cooled and diluted 
with water, and the fluoride, which crystallises from the xylene, is 
collected. Recrystallised from light petroleum (b. p. 60—80°), it 
forms colourless needles, m. p. 90—91° (7 g.; 76% yield) (Found : 
H.V., 11-41 c.c.; F, 10-8. C,;H,O,FS requires H.V., 11-48 c.c.; 
F, 10-9%). 


The authors gratefully acknowledge a grant from the Trustees of 
the Commonwealth Science and Industry Endowment Fund towards 
the expenses of both this research and the previously described work 
on aromatic sulphonyl fluorides. 
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58. Strychnine and Brucine. Part XV. neoStrych- 
nidine and its Derivatives. 


By OsMan ACHMATOWICZ, (the late) Wir11aM HENRY PERKIN, jun., 
and Ropert RosBrson. 


In Part IV of this investigation (Clemo, Perkin, and Robinson, 
J., 1927, 1589) it was shown that strychnidine metho-salts, when 
digested with methyl-alcoholic potash, do not undergo the usual 
Hofmann elimination but yield a methoxymethyldihydrostrychni- 
dine, m. p. 126°, and the essential change was represented by the 
scheme : 

3C-NMe}SO,Me and MeO}K —> :C(OMe),NMe and SO,Me}K 
It was pointed out (loc. cit., p. 1591) that this was probably not the 
only change involved, because the reconstitution of the quaternary 
salt, on boiling methoxymethyldihydrostrychnidine with dilute 
sulphuric acid, leads to the formation of methylneostrychnidinium 
salts, isomeric and not identical with the corresponding methyl- 
strychnidinium salts. 

In pursuing the study of this series we were at first inclined to the 
view that this account of the decomposition was inaccurate and that 
the elements of water and not of methyl alcohol were eliminated, 
but further work cleared up the ambiguity, due to the small differ- 
ences in the theoretically required analytical figures for the two 
possibilities, and we are now able to state definitely that the original 
hypothesis has been entirely justified. 
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Nevertheless, an important correction, not of the experimental 
results of Part IV, but of their interpretation, must be made in one 
particular. The substance previously termed methyl-y-strychni- 
dine, which was obtained by heating methylneostrychnidinium 
chloride, is in reality an isomeride of strychnidine and we propose 
the name neostrychnidine for this base. 

The first experimental method that gave clear indications that 
“ methyl-y-strychnidine ” does not contain the methyl group was 
the preparation of the substance from benzylstrychnidinium chloride 
and from ethylstrychnidinium chloride. The annexed table, sum- 
marises the transformations that have been realised. 
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Very strong confirmatory evidence was afforded by the observ- 
ation that neostrychnidine may be reduced by hydrogen in the 
presence of palladium to dihydrostrychnidine (A), which is the 
product of the catalytic hydrogenation of strychnidine. This 
experiment also makes it certain that the cause of the isomerism of 
strychnidine and neostrychnidine resides in the unsaturated group, 
which evidently does not occupy the same position in the two bases. 

neoStrychnidine and methyl sulphate furnish the methylnco- 
strychnidinium salt and this is decomposed by methyl-aleoholic 
potash with formation of the substance previously called methoxy- 
methyldihydrostrychnidine. This compound is, however, clearly a 
neostrychnidine derivative and should be known henceforth as 
methoxymethyldihydroneostrychnidine. A similar correction in the 
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nomenclature of the tetrahydro-series is hardly necessary, since the 
distinction between strychnidine and neostrychnidine derivatives 
disappears on saturation of the ethylenic linkage. 

Here the appropriate corrections are that methyl-y-dihydro- 
strychnidine is the known dihydrostrychnidine (A) and the methy]- 
neodihydrostrychnidinium salts should be called methyldihydro- 
strychnidinium (A) salts. Attention has already been drawn to 
these points (Part VI; Oxford, Perkin, and Robinson, J., 1927, 
1420). 

The very striking divergence of behaviour between methoxy- 
methyldihydroneostrychnidine and methoxymethyltetrahydro- 
strychnidine on treatment with boiling dilute sulphuric acid has 
already been the subject of comment (Bakerian Lecture, Royal 
Society, 1930), since the more reduced base is perfectly stable under 
these conditions. 

The suggestion was made that methoxymethylneodihydro- 
strychnidine contains the group C—C—C(OMe), and that the 
reactivity of the methoxyl group is due to the activating influence 
of the double bond, as in an allyl or a benzyl ether. It is therefore 
of interest to note that the decomposition of benzyltrimethyl- 
ammonium chloride by means of methyl-alcoholic potassium 
hydroxide proceeds smoothly with the formation of benzyl methyl 
ether. The unsaturated group is not essential for the reaction and 
phenyltrimethylammonium chloride and potassium butoxide fur- 
nished butyl methyl ether; however, phenylbenzyldimethyl- 
ammonium chloride and potassium methoxide gave benzyl methyl 
ether. Hence the formation of a benzyl ether was favoured and 
this accords well with the hypothesis regarding the position of the 
double linking in neostrychnidine and its derivatives. 

We assume that the double bond in strychnidine moves only 
one step to reach neostrychnidine and the change might be repre- 
sented by one of the alternatives :— 


(A) C—C—CH—C—N —> CH—C—C—C—N 
(B) posc—o—Nn —> “HSo—-c-n 


Of these we prefer (B), because (A) offers no explanation of the 
failure of methylstrychnidinium hydroxide to undergo a Hofmann 
elimination for which, since the ring is to break in any case, all the 
circumstances would appear to be favourable. 

The scheme (B) also allows of the course of the permanganate 
oxidation of strychnine (Leuchs) receiving a natural explanation. 

We therefore suggest that strychnidine and neostrychnidine may 
be represented by the annexed formule, which embody arguments 
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put forward previously and also take cognisance of the identification 
of dinitrostrycholcarboxylic acid as an indole derivative (Part XII; 





































1(C,H,) Ci(C,H,) 
Won CH, N: J” CHG: 
: C , C 
Vo “A 4 
¥ Ge Ga ¥ : 
oe CH CH, Hs ss Da 
Pf 
CH, No off, 0 
Strychnidine. neoStrychnidine. 


J., 1931, 773). It is conceivable that.a carbon atom of the C,H, 
group may be interpolated at (a), making the oxide ring seven- 
membered. 

The oxidation of neostrychnidine to the diketone strychnidone 
(Part IV; loc. cit., p. 1614) by means of potassium permanganate 
is in good accord with this suggestion, The process consists merely 
in the disruption of the double bond by addition of two oxygen 
atoms and the resulting large ring offers no difficulties at the present 
time in view of the existence of cryptopine, trimethylbrazilone, and 
the many poly-ring-membered substances prepared by Ruzicka. 

One of the most remarkable properties of methoxymethyldihydro- 
neostrychnidine (Part IV; loc. cit.) is its conversion into isomeric 
oxymethoxymethyldihydroneostrychnidines when it is heated in 
methyl-alcoholic solution with methyl iodide; we now find that this 
is not an isolated phenomenon and methoxybenzyldihydroneostrychni- 
dine behaves similarly, taking up an oxygen atom under similar 
conditions. 

The oxidation of methoxymethyldihydroneostrychnidine by means 
of potassium permanganate has also been studied and the product 
appears to be oxymethoxymethyldihydroneostrychnidine (B), 
although if that is the case the melting, point has been raised from 
285° to 305°. 

Attempts to prepare the tetrahydrostrychnine analogue of 
neostrychnidine were not successful, although a compound which is 
doubtless tetrahydroneostrychnine methiodide was obtained. 

The corresponding methochloride did not decompose smoothly 
when heated. 

EXPERIMENTAL, 

Strychnidine Benzylochlorides (A) and (B).—These salts have been 
previously obtained by the combination of the components and by 
the electrolytic reduction of strychnine benzylochloride; the 
following modified method gives improved results. 

Strychnidine was triturated with a slight excess (3°) of benzyl 
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chloride and when the reaction was complete the product was 
crystallised from water. The isomeride (A) (yield, 90%), which is 
sparingly soluble in cold water and only moderately readily soluble 
in hot water (1 g. in 50 c.c.), separated in colourless needles, m. p. 
325—330° with evolution of benzyl chloride (Found: C, 75-0; H, 
6-9. Cale. for C,,H,,ON,Cl: C, 75-2; H, 6-9%). The isomeride 
(B), which is very readily soluble in water, separated as a sandy 
powder, m. p. 300—302° (decomp.) (yield, 5—7%). 

Benzylstrychnidinium hydroxide was prepared by the action of 
silver oxide (5% excess) on a hot aqueous solution of the chloride. 
The filtrate from silver chloride was concentrated under diminished 
pressure on the steam-bath; the hydroxide separated, on cooling, 
in long colourless needles which, after recrystallisation from water, 
had m. p. 306—307° and contained H,O not lost at 104° (Found : 
C, 75:3; H, 7-5. ©,,H ,0,N,,H,O requires C, 75-3; H, 7-6%). 
The very strong base absorbs carbon dioxide from the air and on 
decomposition by heat it gives neostrychnidine (yield, 8—10%) and 
other substances. The neostrychnidine has m. p. 201—203° and 
affords a methiodide, m. p: 312° (Found : C, 57-4; H, 5-9%). 

Methoxybenzyldihydroneostrychnidine, 

C,,H,,ON(a)[N(b)-CH,Ph](MeO)(C:C). 
—A mixture of strychnidine benzylochloride (A) (20 g.) and methyl- 
alcoholic potassium hydroxide (150 c.c. of 10%) was heated in an 
open flask until the temperature of the melt reached 140°; the bases 
were then collected by means of ether and distilled. 

The fraction, b. p. 257—260°/1 mm., could be crystallised from 
methyl alcohol and afforded neostrychnidine (yield, 20—30%), 
m. p. 203—204° (Found: C, 78-7; H, 7-6. Cale. for C,,H,,ON, : 
C, 78-7; H, 7-5%). The substance was identified by comparison 
(undepressed mixed melting point) with an authentic specimen. 
A solution of the crude reaction product, in ether, deposited about 
0-8 g. of a substance which after crystallisation was identified as 
neostrychnidine. 

The pale brown distillate at 268—271°/1 mm. (55—60%) was 
easily soluble in most organic solvents but could not be crystallised. 
It consisted of methoxybenzyldihydroneostrychnidine (Found: C, 
78-7; H, 7-5. C9H,,0,N, requires C, ‘78-7; H, 7-7%). The base 
shows the strychnidine-type reaction with 60% sulphuric acid and a 
dichromate. 

Methoxybenzyltetrahydrostrychnidine, 

C,gH,,ON(a)[N(b)-CH,Ph](MeO)(CH-CH). 
—The last-mentioned substance (10 g.) was dissolved in sulphuric 
acid (150 c.c. of 20%) and reduced in the apparatus described in Part 
II (J., 1924, 125, 1798) by means of a current of 5 amps. during 
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16 hours at 12—15°. The base was set free by means of ammonia, 
dried, and crystallised from ethyl alcohol, forming colourless rhombs, 
m. p. 106—107° (Found : C, 79-0;. H, 8-4. C,,H,,0,N, requires C, 
78:4; H, 8-1%). The substance is sparingly soluble in methyl 
alcohol and moderately readily soluble in benzene; it is stable 
towards permanganate and is not changed by boiling 20% sulphuric 
acid. It exhibits strychnidine-type colour reactions. 
Oxymethoxybenzyldihydroneostrychnidines (A) and (B).—Methoxy- 
benzyldihydroneostrychnidine does not combine readily with methyl] 
iodide at room temperature, and in a solvent oxidation occurs. 
The base (5 g.) was dissolved in acetone containing ‘a few drops of 
methyl iodide and kept for 2 days; the crystalline deposit was then 
fractionated from acetone. The isomeride (A), which is very 
sparingly soluble in acetone, separated in large transparent cubes 
which became opaque on exposure to the air and melted at 249° 
(Found : C, 75-8; H, 7-7. Cy 9H,,0,N, requires C, 75:9; H, 7-5%). 
The isomeride (B), which is moderately readily soluble in acetone, 
crystallised in minute needles, m. p. 267° (Found: C, 76-0; H, 
75%). Neither of these substances can be acetylated or converted 
into a semicarbazone or an oxime. 
Action of Hot Dilute Sulphuric Acid on Methoxybenzyldihydroneo- 
strychnidine.—A solution of the base (20 g.) in sulphuric acid (300 c.c: 
of 20°) was boiled for 3 hours (the formation of methyl‘alcohol and 
traces of benzyl alcohol was established in a separate experiment), 
and the cooled solution rendered alkaline. The base that separated 
was collected (3 g.) and crystallised from methyl alcohol (norite) and 
identified by analysis (Found :. C, 78:9; H, 7-5. Cale. : C, 78-7; 
H, 75%) and by m. p. (198—200°) and mixed m. p. (200—202°) as 
neostrychnidine. It is possible, although not very probable, that 
this product of the reaction was present in the base employed. 
Sodium iodide (20 g. in 25 c.c. of water containing a little sulphur 
dioxide) was added to the alkaline filtrate from the neostrychnidine ; 
benzylneostrychnidiniwm iodide (yield, 64%) then separated as a 
lilac-coloured solid mass. The salt crystallised from methy! alcohol 
in silky needles, m. p: 186—188°, decomp. 238—240°. (Found in 
material dried at 100°: C, 61-0; H, 6-3. C,,H,,ON,I,CH,O 
requires C, 61-1; H, 61%). The salt also crystallised from much 
acetone or from water and then had m. p. 238—240° (decomp.) 
(Found : C, 62-4; H, 5-9. C,,H,,ON,I requires C, 62-5; H, 5°8%). 
It is possible that the gummy product obtained by concentration of 
the alkaline mother-liquor consisted of an isomeric salt; it was. very 
readily soluble in water in comparison with the substance described. 
When an aqueous solution of the iodide was heated with silver 
chloride, benzylneostrychnidinium chloride was obtained : it crystal- 
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lised from water in large brilliant prisms, m. p. 230—232°, and after 
re-solidification (neostrychnidine) at 199—201° (Found in material 
dried at 100°: C, 71-2; H, 7-5. C.g,H,,ON,Cl1,14H,O requires C, 
71-0; H, 7:2%). 

Action of Heat on Benzylneostrychnidinium Chloride.—When the 
salt (0-5—1-0 g.) was cautiously heated in 4 wide test-tube over a 
free flame, benzyl chloride was evolved and neostrychnidine (85— 
90°) was produced. 

The base (green-fluorescent impurity) was crystallised from methyl 
alcohol and had m. p. 203—204° (Found : C, 78-8; H, 7-5; N, 8-5. 
Cale. for C,,H,,ON,: C, 78-7; H, 7-5; N, 87%). When the 
original methoxybenzyldihydroneostrychnidine was not sufficiently 
pure, a by-product was found (5—10%) in the methyl-alcoholic 
mother-liquors from the neostrychnidine. Once separated, however, 
the substance does not redissolve in methyl alcohol and it is also 
insoluble in benzene and acetone. It dissolves in hot pyridine and 
from this solution it is precipitated by the addition of boiling 
alcohol as a mass of colourless, slender, microscopic needles, m. p. 
239—240° (Found: C, 74-7; H, 7-1. C,,H,,O,N, requires C, 75-0; 
H, 7:1%). This substance does not yield an acetyl derivative, nor 
could it be induced to condense with semicarbazide, hydroxylamine, 
or benzaldehyde. It possesses basic properties and is designated 
oxyneostrychnidine. 

Strychnidine Ethiodide.—This salt was prepared by direct union of 
strychnidine and ethyl iodide; it is very sparingly soluble in boiling 
methyl alcohol and even in water (1000 c.c. at 99° dissolve 5-0 g.), 
from which it separates in needles, m. p. 335° (Found: C, 58-3; 
H, 6-1. C,,;H,,ON,I requires C, 57-9; H, 6-1%). The ethochloride 
(usual method) separated from concentrated aqueous solution as a 
paste of crystals which, dried at 100°, melted at 300—302°. 

Methoxyethyldihydroneostrychnidine, 

C,gH,,ON(a)[N(b) Et ]}(MeO)(C°C). 
—Strychnidine ethochloride (20 g.) was digested with methyl- 
alcoholic potassium hydroxide (120 c.c. of 20%) until the temper- 
ature reached 110°; the cooled melt was then mixed with water and 
the bases were separated by fractional crystallisation from methyl 
aleohol. In this way neostrychnidine (10—15%) and methoayethyl- 
dihydroneostrychnidine (60°) were isolated; the latter is sparingly 
soluble in the cold solvent and much more readily soluble on boiling. 
It crystallised in large plates, m. p. 102—103° (Found: C, 75-6; 
H, 8:3. C,,H,,0,N, requires C, 75-8; H, 8-4%). 

The crystals, like those of most substances of this type, become 
pale purple on keeping. The methiodide, produced at 100° from the 
pure components, separated from methyl alcohol as a colourless 
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crystalline powder, m. p. 258—260° (Found: C, 57-9; H, 6-9. 
C,;H,;0,N,I requires C, 57-5; H, 6-7%). 

Methoxyethyltetrahydrostrychnidine, 

Cg5H,,ON(a)[N(b) Et ](OMe)(CH-CH). 

—This substance was obtained by the electrolytic reduction of 
methoxyethyldihydroneostrychnidine at a lead cathode under the 
conditions already mentioned above in connexion with the benzyl 
derivative. The product (yield, 82%) crystallised from benzene or 
ethyl alcohol in colourless microscopic prisms, m. p. 175—176° 
(Found : C, 75-3; H, 8-6. C,,H,,0,N, requires C, 75-3; H, 8-9%)- 
The base is stable towards permanganate and towards boiling 20% 
sulphuric acid. 

Ethylneostrychnidinium Salts,<Methoxyethhyldihydronecsteyahni> 
dine was subjected to the action of 20% sulphuric acid exactly as 
described above for the benzy] derivative (methyl alcohol was again 
recognised as a product) and the resulting quaternary sulphates 
were converted into iodides. A relatively soluble, possibly isomeric, 
salt in the mother-liquor was not fully examined. The main 
product (yield, 72°) crystallised from methyl alcohol, in which it 
was sparingly soluble, in colourless needles, m. p. 285—286° 
(decomp.) (Found: C, 58-1; H, 6-0. C,,H,gON,I requires C, 58-0; 
H, 6-0%). 

The ethochloride is readily soluble in water and crystallises from 
methyl alcohol in microscopic prisms, m. p. 285—286° (decomp.) 
(Found: C, 72-2; H, 7-5. C,,H,,ON,Cl requires C, 71-9; H, 
75%). It decomposed smoothly when heated into ethyl chloride 
(recognised) and neostrychnidine, which after crystallisation had 
m. p. 203—204°, alone or mixed with the specimen from benzylneo- 
strychnidinium chloride (Found : C, 78-5; H, 7-2%) (yield, 85%). 

When ethylneostrychnidinium chloride (2-0 g.) was digested with 
methyl-aleoholic potassium hydroxide (15 c.c. of 20%), it afforded 
methoxyethyldihydroneostrychnidine, m. p. 102°. 

Preparation of the Alkylneostrychnidinium Salts by Way of the 
Butoxyalkyldihydroneostrychnidines.—The methyl-, ethyl-, and 
benzyl-strychnidinium salts (20 g.) were heated for 2 hours at 100° 
with a n-butyl-alcoholic solution of sodium n-butoxide (from 10 g. 
of sodium and 250 c.c. of butyl aleohol). The crude product con- 
tained about 15°, of neostrychnidine, and this was isolated after 
the treatment with dilute sulphuric acid. It was, however, detected 
in the crude product itself by means of the formation of the meth- 
iodide, m. p. 310—312°, which was compared with an authentic 
specimen. 

None of the products could be crystallised and the butoxy-bases 
were accordingly directly converted into the quaternary sulphates 
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(production of butyl alcohol) and other salts by the usual 
methods. 

Benzylneostrychnidinium iodide was crystallised from methyl 
alcohol and was identified with the specimen previously obtained 
by analysis (Found: C, 61-0; H, 58%), by m. p. and mixed m. p. 
(186—188°). The chloride derived from this specimen was decom- 
posed by heat and the resulting neostrychnidine (Found: C, 78-9; 
H, 7-4%) had m. p. 202—203°; benzyl chloride was also produced. 

Ethylneostrychnidinium iodide, obtained from the butoxy- 
derivative, had m. p. 285—286° (undepressed by admixture with the 
specimen obtained as described above); it was also converted into 
the chloride and then into methoxyethyldihydroneostrychnidine, 
m. p. 102—103°, and neostrychnidine, m. p. 202—203° (with loss of 
ethyl! chloride). 

Methylmeostrychnidinium iodide from the butoxy-derivative was 
proved to be identical with specimens of “ methyl-/-strychnidine 
methiodide ’’ and “ methylneostrychnidinium iodide (A) ’’ (compare 
Part IV, loc. cit.) by a close comparison of properties. The salt 
had m. p. 312° (alone or in mixture) and the chloride, m. p. 275— 
280°, and neostrychnidine, m. p. 202—203°, were obtained from it. 
The chloride was also converted into methoxymethyldihydroneo- 
strychnidine, m. p. 124—125°. 

The formation of methyl chloride by the thermal decomposition 
of methylneostrychnidinium chloride (40 g.) was controlled by 
passing the evolved gas through aqueous silver nitrate (no precipi- 
tate) and then into a solution of sodium iodide in acetone. Sodium 
chloride (about 5 g.) was precipitated and the methyl iodide formed 
was recognised by using it for the formation of methylstrychnidinium 
iodide. 

Direct Formation of Alkylneostrychnidinium Salts.—neoStrychni- 
dine does not combine easily with benzyl chloride at room temper- 
ature; the reaction was completed in 1 hour on the steam-bath. 

Benzylneostrychnidinium chloride, so obtained, and crystallised 
from water (Found in material dried at 100°: C, 70-6; H, 7-0%), 
had m. p. 230—232°, alone or mixed with the salts obtained as above 
from the methoxy- and butoxy-bases. It also yielded the iodide, 
m. p. 186—188° after crystallisation from methyl alcohol (Found : 
C, 61-0; H, 64%) (see above). Similarly the methiodide was 
prepared and from it the methochloride. Both salts were identical 
with those previously examined. 

In the direct formation of alkylneostrychnidinium salts, only the 
sparingly soluble forms were encountered. 

Finally, crystallographic measurements were kindly undertaken 
by (the late) Dr. T. V. Barker, who reported as follows :—“ I have 





























STRYCHNINE AND BRUCINE. . PART XV. 495 


measured. two crystals of. two substances *. labelled methyl-y- 
strychnidine MeCl, m. p. 270°, and find them identical in every way 
with the substance described in Part IV, page 1612, under the name 
of methylneostrychnidinium chloride.” 

Reduction of neoStrychnidine.—After electrolytic reduction for 
30 hours under the usual] conditions, 80° of the base was recovered 
unchanged. At 100°, however, the base (5 g.) in sulphuric acid 
(150 c.c. of 20°) was reduced in 14 hours and dihydrostrychnidine 
(A) was isolated in a yield of 90%. The substance crystallised from 
methyl alcohol in prisms, m. p. 215—216° (Found : C, 78-2; H, 7-9. 
Cale. for C,,H,,0N,: C, 78:3; H, 7-°9%). It is very interesting 
that strychnidine itself could not be reduced under the same con- 
ditions and the base was recovered unchanged. 

The reduction of neostrychnidine was also carried out under the 
following conditions ; A solution of the base (1-2 g.) in dilute acetic 
acid (75 c.c. of 10°) was added to previously reduced catalyst (from 
0-2 g. of palladous chloride, 2-0 g. of norite, and 200 c.c. of very dilute 
hydrochloric acid) and stirred in hydrogen, The absorption of the 
gas was slow and the required volume (103 c.c,) was taken up in 
12 hours. The filtered liquid was basified with ammonia, and the 
colourless base (0-9 g.) collected ;. it crystallised from methyl alcohol 
in leaflets, m. p. 214—215° (undepressed by admixture with the 
product of electrolytic reduction of neostrychnidine or of the catalytic 
reduction of strychnidine; Part VI, loc. cit.). 

Oxidation of Methoxymethyldihydroneostrychnidine by Means of 
Potassium Permanganate.—A solution of potassium permanganate 
(4 g.) in water (300 c.c.) was gradually added to one of the base 
(7 g.) in pure acetone (500 c.c.) at 2—4°: the permanganate was at 
once decolorised. The liquid was filtered, and the manganese 
dioxide washed with acetone. On neutralisation .of the combined 
filtrate and washings with carbon dioxide a crystalline precipitate 
(0-8 g.) separated. 

This was almost insoluble in most organic solvents but could be 
crystallised from a large volume of acetone in plates, m. p. 167—168° 
(Found in material dried at 105° : C, 70-5; H, 8-3; N, 6-5; MeO, 7-0. 
CygH 3 ,0,N5,C3;H,O0 requires C, 70-9; H, 8-2; N, 6-5; 1MeO, 7-:0%). 

The acetone is not lost at 104° and may therefore be combined 
(perhaps as in berberine-acetone); when the derivative was heated 
in a sealed tube for 10 hours with methyl iodide at 100°, it gave an 
oxymethoxymethyldihydroneostrychnidine, m. p. 305—306° (Found : 
C, 72-2; H, 7-6; N, 7-5; MeO, 8-3. C,3H,,0,N, requires C, 72:3; 
H, 7-8; N, 7-3; 1MeO, 8-1%). 

* Wrongly so labelled, of course; the specimens were made from neo- 
strychnidine. 
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A further quantity (2-4 g.) of the same substance, m. p. 305— 
306°, was obtained when the aqueous filtrate was evaporated to 
dryness under reduced pressure and the solid residue was washed 
with acetone (the acetone washings were examined separately). 
Oxymethoxymethyldihydroneostrychnidine is very sparingly soluble 
in most organic solvents, but dissolves readily in pyridine and may 
be precipitated by addition of methyl or ethyl alcohol and this 
method was used for the purification of the base. The derivative 
remains unchanged after prolonged boiling with anhydrous sodium 
acetate and acetic anhydride ; it also fails to combine with hydroxyl. 
amine or semicarbazide. 

The acetone washings were mixed with anhydrous sodium 
sulphate and evaporated to dryness and the solid residue was 
powdered and extracted with ether for several days in a Soxhlet 
apparatus. The extract obtained in the first 24 hours was gummy 
and has not been further examined. Continued extraction (about 
3 days) yielded a crystalline product, readily soluble in methyl or 
ethyl alcohol, moderately readily soluble in acetone, but insoluble 
in ether. It crystallised from aqueous methyl alcohol (50%) in 
colourless plates, m. p. 186—188° (Found : C, 68-4; H, 7-6; N, 7-2. 
CygH,,0,N, requires C, 68-7; H, 7-3; N,7:3%). Owing to the small 
yield (about 10°) the substance could not be further investigated. 

Oxymethylneostrychnidinium Salts—The oxymethoxymethyldi- 
hydroneostrychnidine, m. p. 305—306° (5 g.), was dissolved in 
sulphuric acid (100 c.c. of 20%); on boiling, methyl alcohol was 
produced. After refluxing for 2 hours, the liquid was cooled and 
basified with ammonia (no precipitate), and sodium iodide (5 g. in 
10 c.c. of water) added. The precipitate (5-2 g.) crystallised from 
methyl alcohol in minute colourless needles, m. p. 238—240° 
(decomp.) (Found: C, 55-4; H, 5-8. C,,H,,O,N,I requires C, 
55-2; H, 56%). 

The related chloride was a glass, but when it was digested with 
methyl-aleoholic potash on the steam-bath for 1 hour oxymethoxy- 
methyldihydroneostrychnidine, m. p. 305—306°, was recovered. 

As already stated in the introduction, it is probable that the 
latter substance is the isomeride (B) described in Part IV. When 
the isomeride (A) was employed in the present process, it gave the 
same iodide as that derived from the product, m. p. 305—306°. 
This was proved by m. p. and mixed m. p. of the iodide (238— 


* 240°), by analysis (Found : .C, 55:5; H, 5-8%), and by conversion 


into the chloride and then into the oxymethoxymethyldihydro- 
neostrychnidine, m. p. 305—306°. 

The thermal decomposition of the chloride mentioned in this 
section yielded an unworkable gum. These transformations are of 
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interest in that it becomes clear from them that the oxygen absorbed 
so easily by methoxymethyldihydroneostrychnidine takes up a 
stable form of combination and cannot, for example, be attached 
as in an ethylene oxide or amine oxide. Moreover it does not affect 
the quaternary salt-forming power of N (b). 

Derwatives of Tetrahydrostrychnine.—Methosulphate. A suspension 
of tetrahydrostrychnine (20 g.) in methyl alcohol (100 ¢.c.). was 
mixed with a slight excess of freshly distilled methyl sulphate and 
heated on the steam-bath for 5 minutes. On cooling, the pale brown 
solution deposited long colourless needles, which were collected (the 
total yield, after the mother-liquor had been worked up, was 90%), 
washed, and recrystallised from methyl alcohol. The derivative is 
very soluble in water, moderately readily soluble in cold methyl 
alcohol, and readily on boiling. It melts and decomposes at 266— 
268°. and, like other tetrahydrostrychnine salts, described below, 
gives with sulphuric acid (60°/,) and dichromate a brown coloration 
(Found: C, 59:3; H, 7:2. C,,H,,0,N,,Me,SO, requires C, 58-5; 
H, 6-9°%,). 

Methiodide. When boiling aqueous solutions of the methosulphate 
(20 g. in 1000 c.c.) and of sodium iodide (7 g. in 50 c.c.} were mixed 
and allowed to cool, tetrahydrostrychnine methiodide was precipitated 
as a voluminous mass of minute colourless needles. It was re- 
erystallised from water and after having been dried at 100° melted 
at 312—314° (decomp.) (Found : C, 55-2; H,60. C,,;H,,0,N,,Mel 
requires C, 55-0; H, 6-0%). The salt is sparingly soluble in water 
and moderately readily soluble in methyl! alcohol. 

The same methiodide was obtained directly from tetrahydro- 
strychnine and methyl iodide. It was identified with the specimen 
obtained from tetrahydrostrychnine methosulphate by m. p. 
(312—314° alone or mixed) and by conversion into the metho- 
chloride, m. p. 270—272°. 

Methochloride. This derivative was obtained by heating tetra- 
hydrostrychnine methiodide with water and excess of silver chloride 
on the steam-bath for 2 hours. The aqueous filtrate from the silver 
salts, on concentration to a small bulk, deposited a erystalline, lilac, 
waxy mass, very easily soluble in water. The methochloride thus 
obtained contains water of crystallisation, which may be completely 
removed at 100°. The anhydrous salt was recrystallised from methyl 
alcohol, in which it is readily soluble, and formed microscopic 
needles, m. p. 270—272° (Found: CO, 67-8. C,,H,,0,N,,MeCl 
requires C, 68-0%). 

Benzylochloride. This was obtained in good: yield when tetra- 
hydrostrychnine was stirred with a slight excess of benzyl chloride. 
It is moderately readily soluble in cold water or methyl alcohol, but 
S 











<=... 


eS ere 


498 ACHMATOWICZ, PERKIN, AND ROBINSON : 


dissolves readily on boiling and separates as a woolly mass of slightly 
yellow needles, m. p. 202—204°. The salt crystallises with 5H,O, 
only partly lost at 100° (Found: loss at 100°, 13-8; cale. for 
44H,0, 13-0%. Found in material dried at 100°: C, 70-5; H, 7-1. 
C,,H,,0,N,,C;H,Cl,4H,0 requires C, 70-8; H, 7-2%). 

The Action of Methyl Alcoholic Potassium Hydroxide on Quaternary 
Salts derived from Tetrahydrostrychnine.—Tetrahydrostrychnine 
methosulphate (20 g.) was mixed with methyl-alcoholic potassium 
hydroxide (120 c.c. of 20%) and heated in an open flask in a rapidly 
boiling water-bath. The clear solution gradually clouded and after 
2 hours the slightly yellow semi-solid residue was washed with hot 
water until the reaction was neutral. The product solidified on 
cooling to a greenish-grey sticky mass, freely soluble in most organic 
solvents and difficult to obtain in a crystalline condition (on one 
occasion, when it was dissolved in methyl alcohol, filtered, and 
rapidly cooled in ice, a small quantity of methoxymethyldihydroneo- 
strychnidine, m. p. 124—126°, was obtained). The colour reaction 
of the product with sulphuric acid and dichromate was not as clear 
as that obtained with pure tetrahydrostrychnine or strychnidine 
derivatives; addition of a drop of dichromate produced a brown 
coloration with a pink tint, which indicated that a mixture of tetra- 
hydrostrychnine and strychnine derivatives was present. An 
attempt to purify the substance by fractionation under reduced 
pressure also gave an unsatisfactory result; the product distilled 
over a wide range (230—280°) and could not be separated into 
definite fractions (however, from the fraction, b. p. 240—250°/1 mm., 
on recrystallisation from methyl alcohol, a small quantity of 
methoxymethyldihydroneostrychnidine, m. p. 124—126°, was 
obtained). 

The composition of the product in question was subsequently 
established by electrolytic reduction and by treatment with dilute 
sulphuric acid. The experiments then showed that it consisted of 
methoxymethyldihydroneostrychnidine (about 40%), methoxy- 
methylhexahydrostrychnine (about 15%), and probably of small 
proportions of neostrychnidine and tetrahydroneostrychnine. 

The same results were obtained when tetrahydrostrychnine 
methochloride was subjected to the action of methyl-alcoholic 
potassium hydroxide. 

Tetrahydrostrychnine benzylochloride under exactly the same 
conditions gave almost entirely methoxybenzylhexahydrostrychnine, 
as is shown below. 

Unfortunately, neither methoxybenzylhexahydrostrychnine nor 
its dihydro-derivative (electrolytic reduction product) could be 
crystallised or purified by distillation under diminished pressure. 
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The crude product of the action of methyl-alcoholic potassium 

hydroxide on tetrahydrostrychnine methosulphate (20 g.) was 
dissolved in 20°, sulphuric acid (300 c.c.) and reduced at a lead 
cathode under the usual conditions for 20 hours at 15—17°. On 
working up, a product sparingly soluble in methyl alcohol was 
isolated. This, crystallised from benzene, had m. p. 220—222° and 
was identified with methoxymethyltetrahydrostrychnidine (yield, 
8 g.) (compare Part IV; loc. cit.). The base in the methyl-alcoholic 
mother-liquor is doubtless a hexahydrostrychnine derivative, but it 
could not be purified. 

Action of Dilute Sulphuric Acid on Presumed Methoxymethyl- 
hexahydrostrychnine.—The crude product (20 g.) from the action 
of methyl-alcoholic potash on tetrahydrostrychnine methosulphate 
was refluxed for 3 hours with 20% sulphuric acid (300 ¢.c.); the 
formation of methyl alcohol was detected. Addition of ammonia 
precipitated a mixture of bases (5 g.), from which no definite 
substances could be isolated. The alkaline filtrate was mixed with 
sodium iodide (15 g. in 50 c.c. of water), precipitating a brown oil 
which solidifiéd in contact with methyl alcohol (yield, 10 g.) and 
was identified as methylneostrychnidinium iodide, m. p. 310° 
(Found: C, 57-2; H, 6-1. Cale. for C,.H,,ON,[: C, 57-1; H, 
58%). The methochloride, methoxymethyldihydroneostrychnidine, 
and neostrychnidine were all prepared by the known methods from 
the methiodide, and all these derivatives exhibited the correct 
properties. The mother-liquor from several preparations of this 
methiodide was evaporated to dryness and the dark oily residue 
was again dissolved in boiling water and the solution filtered, and 
again concentrated, giving an oil (A) and a supernatant liquor 
which deposited pale yellow prismatic needles on cooling. Further 
extraction of the oil (A) provided more of the same substance. It is 
very readily soluble in methyl alcohol or hot water and usually 
separates from hot aqueous solutions as an almost colourless oil 
which rapidly crystallises in well-developed plates, m. p. 242—243° 
(Found in material dried at 104°: C, 55-1; H, 5-9. C,,HO,.N,1 
requires C, 55-0; H, 60%). This substance is doubtless tetrahydro- 
neostrychnine methiodide). The related methochloride is very readily 
soluble in water and forms a low-melting waxy mass of crystals 
containing water of crystallisation. Dried at 104° and crystallised 
from methyl alcohol, it had m. p. 265—267° and was very hygro- 
scopic (Found in material dried at 104°: C, 68-0; H; 7-6. 
C,,H,,0,N,Cl requires C, 68-0; H, 7-5%). 

The action of methyl-alcoholic potash on this methochloride gave 
uncrystallisable gums, and thermal decomposition afforded neo- 
strychnidine in 60% yield. The base was identified by m. p. and 
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mixed m. p. (202—203°) and by analysis (Found: C, 77-5; H, 
7-5%). The mother-liquor from the neostrychnidine undoubtedly 
contained tetrahydroneostrychnine, but this could not be fully 
purified and the best sample had m. p. 162—169° and gave tetra- 
hydrostrychnine-like colour reactions. 

Similarly, tetrahydroneostrychnine benzyloiodide was prepared; 
it formed a hard crust of pale yellow plates, m. p. 205—207° (Found : 
C, 60-2; H, 6-0. OC,,H,,0,N,I requires C, 60-4; H, 5-9%), and was 
best isolated from the methyl-alcoholic mother-liquors after the 
separation of oily material containing benzylneostrychnidinium 
iodide. The related benzylochloride was amorphous and on 
thermal decomposition furnished neostrychnidine (m. p. 202—203°) 
in 50% yield. 

Decomposition of Benzyltrimethylammonium Chloride by Means of 
Methyl-alcoholic Potassium Hydroxide.—The quaternary salt was 
prepared by leading trimethylamine into a methyl-alcoholic solution 
of benzyl chloride maintained at 0°. It separated as colourless 
erystals, m. p. 235° (Found : C, 65-0; H, 8-9. Cale. for C,gH,;NCI: 
C, 64:7; H, 86%). . 

A mixture of the quaternary chloride (20 g.) and methyl-alcoholic 
potassium hydroxide (120 c.c. of 20%) was distilled until the tem- 
perature reached 110°. On working up the product, benzyl methyl 
ether (9-5 g.), b. p. 167—-169° (Found : C, 78-9; H, 8-6. Calc. for 
C,H,,0: C, 78-7; H, 8-2%), was obtained. 

Phenyltrimethylammonium iodide (40 g.) ard butyl- alcoholic 
sodium butoxide (10 g. of sodium in 250 c¢.c.) were refluxed for 2 
hours. n-Butyl methyl ether (6 g.), b. p. 69—71° (Found: C, 67-8; 
H, 13-4. Calc. for C;H,,0: C, 68-2; H, 13-6%), was isolated from 
the product and dimethylaniline (14 g.) was recovered. 

A mixture of phenylbenzyldimethylammonium chloride (30 g.) 
and methyl-alcoholic potassium hydroxide (150 c.c. of 20%) was 
heated until the temperature reached 110°. ie methy! ether 
(10 g., b. p. 167—169°) and dimethylaniline (12 g.) were isolated from 
the product. 


The authors wish to thank the Polish Government (Ministerstwo 
Wyznan Religijnyck; Oswiecania Publicznego and Komitet 
Funduszu Kultury Narodowej) for a grant that has enabled one of 
them to take part in the investigation. 

They are indebted to Mr. Fred Hall for his skilful performance of 
the whole of the analyses. 


Tse Dyson PrerRrRms LABORATORY, 
THe UNIVERSITY OF OXFORD. [ Received, December 28th, 1931.] 
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59. p-Xylylarsonic Acid. 
By Aaron ConEen and Haroup Kina. 


p-XYLYLARSONIC acid was first prepared by Michaelis (Annalen, 
1902, 320, 302) by a standard procedure which he applied to a 
large number of allied substances. Bromo-p-xylene on treatment 
with sodium and arsenic trichloride in ethereal solution gave tri-p- 
xylylarsine, which when heated under pressure with arsenic tri- 
chloride in excess gave p-xylyldichloroarsine. The latter on 
oxidation in aqueous suspension with chlorine gave p-xylylarsonic 
acid. In a recent communication (Cohen, King, and Strangeways, 
J., 1931, 3237) we found that p-xylylarsonic acid prepared by the 
Bart-Schmidt reaction from p-xylidine melted at 192°, which is 31° 
below the m. p. given by Michaelis, and p-xylyldichloroarsine, whilst 
having approximately the same m. p. as that recorded by Michaelis, 
crystallised from low-boiling petroleum in large plates, whereas 
Michaelis records his product as crystallising from the same solvent 
in needles. The present work was undertaken to clear up these 
discrepancies. 

According to Michaelis (loc. cit.) p-xylylarsonic acid on solution 
at a low temperature in 100% nitric acid gives nitroxylylarsonic 
acid, m. p. 205°. Our p-xylylarsonic acid under similar conditions, 
but in 93% nitric acid, gives a nitroxylylarsonic acid, m. p. 242°. 
Jacobs, Heidelberger, and Rolf (J. Amer. Chem. Soc., 1918, 40, 
1589) obtained 5-nitro-p-xylyl-2-arsonic acid, m. p. 290°, by the 
Bart-Schmidt reaction on 5-nitro-p-2-xylidine and for that reason 
we regard our compound as 6-nitro-p-xylyl-2-arsonic acid (I). On 
reduction it gives 6-amino-p-axylyl-2-arsonic acid (II), which when 
heated at 130° with water gives p-xylidine, characterised as acet-p- 
xylidide, identical with our starting material. 


Me Me O Me, H M H, 
Ow ' e: . ; Ox , OE " 
sO,H, 


AsO,H, AsO,H, 
(I.) (II.) 

On repetition of Michaelis’s procedure tri-p-xylylarsine is obtained 
with the same m. p. 157° as that recorded by him, and this when 
heated with excess of arsenious chloride gives p-xylyldichloroarsine, 
which on oxidation with hydrogen peroxide gives p-xylylarsonic acid 
identical with that obtained by us from p-xylidine by the Bart- 
Schmidt reaction. Some error must therefore have crept into the 
transcription by Michaelis of the melting points of p-xylylarsonic 
acid and its mononitro-derivative. 
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6-Amino-p-xylyl-2-arsonic acid and its N-acetyl derivative were 
practically devoid of trypanocidal action when tested on an experi- 
mental infection of Trypanosoma equiperdum in mice. 


EXPERIMENTAL. 


Preparation of p-Xylylarsonic Acid from Bromo-p-xylene.—A 
mixture of bromo-p-xylene (12-2 g.), arsenious chloride (4-0 g.), dry 
ether (100 c.c.), and sodium wire (6 g.) was digested on the water- 
bath for 2 days, and the filtered solution evaporated to dryness. 
The crystalline residue, treated with absolute alcohol, left a mixture 
of substances (3 g.). It was recrystallised from absolute alcohol 
and gave a uniform crop of needles (1 g.), m. p. 157°. This was 
heated with arsenious chloride (10 c.c.) at 230° for 5-5 hours, and the 
resulting dark-coloured liquid fractionated under reduced pressure. 
The higher-boiling fraction, suspended in sodium hydrogen car- 
bonate solution, oxidised with hydrogen peroxide, and acidified, 
gave crude p-xylylarsonic acid (0-13 g.). It contained a small 
quantity of a less soluble substance, probably the secondary arsonic 
acid, which was readily removed by fractional crystallisation. 
p-Xylylarsonic acid was then isolated, m. p. 192°, unchanged by 
further crystallisation and showing no depression of m. p. with 
p-xylylarsonic acid prepared by the Bart-Schmidt reaction from 
p-xylidine. 

6-Nitro-p-xylyl-2-arsonic Acid.—p-Xylylarsonic acid (4 g.) pre- 
pared from p-xylidine was added slowly to 20 c.c. of fuming nitric 
acid (d 1-5) at —5°. When the mixture was poured on ice, a crude 
nitro-acid separated (2-5 g.), which decomposed at 227° after shrink- 
ing considerably at 200°. Recrystallised from 165 c.c. of boiling 
water, it separated in double chisel-ended prisms (1-7 g.), m. p. 237° 
(decomp.). It was identical with a product obtained in better yield 
by the following process. 

p-Xylylarsonic acid (2-3 g.) in sulphuric acid (10 c.c.) was treated 
with nitric acid (0-9 g., d 1-42) in sulphuric acid (2-5 c.c.) at —10°. 
The solid (2-35 g.) obtained on pouring on ice required 130 c.c. of 
boiling water for its solution and crystallised in thin prisms (1-9 g.) 
with a faint yellow colour, m. p. about 242° (decomp.) [Found : 
N (micro), 5-0; As, 27-4; equiv., 138-2. C,H,,O;NAs requires N, 
5-1; As, 27-39%; equiv., 137-5]. 

6-Amino-p-xylyl-2-arsonic Acid.—The preceding nitro-compound 
(13-75 g.) was reduced with ferrous chloride and alkali by the method 
used by King and Murch (J., 1924, 125, 2595). When the combined 
alkaline extracts were acidified and concentrated, an azoxy-com- 
pound separated as a brick-red powder (0-3 g.) [Found : N (micro), 
56. C,gH, 0,N,As, requires N, 5-6%]. The mother-liquors on 
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further concentration gave the required amino-compound (10-4 g.). 
It was dissolved in warm dilute hydrochloric acid, and on addition 
of sodium acetate it separated in stout, clear, boat-shaped crystals 
(9-1 g.), m. p. about 255° (decomp.) [Found: N (micro), 5-9. 
C,H,.0,NAs requires N, 5-7%]. The hydrochloride is very readily 
soluble in water and crystallises in smail plates. 

The amino-acid (1-0 g.) was heated at 135° for 4-5 hours with water 
(10 ¢.c.), and the solution basified and extracted with ether. The 
ethereal extract was acetylated and on crystallisation from dilute 
alcohol gave acet-p-xylidide (0-075 g.), m. p. 142°, alone or in 
admixture with an authentic specimen. The original alkaline liquors 
on neutralisation to Congo-paper gave unchanged arsonic acid 
(0-6 g.). 

6-Acetamido-p-xylyl-2-arsonic Acid.—The foregoing amino-acid 
(2-0 g.) in N-sodium hydroxide (12 c.c.; 1-5 mols.) was chilled and 
shaken with three successive 1 c.c.-portions of acetic anhydride. On 
acidification to Congo-paper the required acetyl derivative rapidly 
separated in fine needles (1-95 g.). When boiled with 13 volumes of 
water, which is just sufficient to dissolve the needle form, it became 
transformed into a more stable, less soluble form crystallising in 
hexagonal plates or blades [Found : N (micro), 4-8; equiv., 144-6. 
C,9H,,0,NAs requires N, 4-99%; equiv., 143-6]. The more stable 
plate form is undecomposed at 300°, but the needles may decompose 
at temperatures between 238° and 258° depending on the mode of 
heating. 

NATIONAL INSTITUTE FOR MEDICAL RESEARCH, - 

HAMPSTEAD, N.W. 3. [Received, January 1st, 1932.] 





60. The Replacement of Bromine in Bromophenols 
by the Nitro-group. Part III. 2:3:4:6-Tetra- 
bromophenol and 2:4: 6-T'ribromo-3-iodophenol. 
A Review of the Halogen Effect in Position 3. 


By Hersert Henry Hopason and Ernest WALTER SMITH. 


Or the four halogeno-analogues, only 3-iodo-2 : 4 : 6-tribromophenol 
reacts with nitric acid in accordance with the general rule of bromine 
displacement in the p-position to the hydroxyl group (compare 
Hodgson and Smith, J., 1931, 2268), the 3-fluoro- (Hodgson and 
Nixon, this vol., p. 273), 3-chloro- (Hodgson and Smith, loc. cit.), 
and 3-bromo-2 : 4 : 6-tribromophenols having respectively their 6-, 
2-, and 6- and 2-bromine atoms replaced by the nitro-group. 

Ionisation of the respective 3-halogeno-2 : 4 : 6-tribromophenols, 
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due to the combined inductive (— /) effects (Ingold and Shaw, J., 
1926, 2918), will be in the order F>Cl>Br>I, but the resultant 
T — I effect of the 3-halogeno-atom will be in the reversed order, 
and in the case of the 3-iodo-analogue, where 7' is large and / 
small, the resultant effect co-operates in the general scheme of 
activation, so that the 4-carbon, which is more frequently activated 
than the 2- and 6-carbons (Lapworth and Robinson, Mem. Man- 
chester Phil. Soc., 1928, 72, 47) and is now reinforced by the 3-iodine 
effect, should still more readily admit of attack by the kationoid 
nitric acid than the 4-carbon in 2: 4 : 6-tribromophenol. 
In the cases of the 3-fluoro- and 3-chloro-analogues, the more 
powerful combined inductive effect will probably impose configur- 
He+ ation (I) more frequently than its alternative, so 
ay that the 2-carbon atom will be the most strongly 
de- activated by the anionoid oxygen, and should be 
y preferentially attacked. This occurs with the 
3-chloro-analogue, but not with the 3-fluoro- 


Br Sh compound, which has its 6-bromine replaced. The 


3 Br 
. 1 +S -Hal greater activation of the 6-carbon in the fluoro- 
47 ’ analogue would appear to be due to the far greater 
r (I.) deactivating effect of the 3-fluorine atom compared 
with the other halogens, with the result that, on the one hand, its 
T — I effect is exerted almost entirely at the 6-carbon, and, on the 
other, there is a powerful deactivating direct (— D) effect (Ingold and 
Vass, J., 1928, 417) through space upon the 2- and 4-carbon atoms. 
In the case of a 3-nitro-group being present (Hodgson and Smith, 
loc. cit.), which in some respects might be compared with fluorine, 
both the 7 and the J effect are negative with the consequence that, 
2-, 4-, and 6-carbons being almost equally deactivated, the general 
para-displacement rule operates and 4-bromine is replaced, the 
reaction being assisted by the special ortho-effect during further 
nitration when one nitro-group is already present (Lapworth and 
Robinson, loc. cit., p. 48). 
In the remaining case of 3-bromo-2 : 4 : 6-tribromophenol where 
conditions are similar but more evenly balanced than in the 3-chloro- 
analogue, replacement occurs at both the 2- and the 6-position. 


EXPERIMENTAL. 


The Action of Nitric Acid on 2:3: 4: 6-Tetrabromophenol.—The 
phenol (5 g.) was stirred into a solution of nitric acid (18 c.c.; 
d 1-42) in water (16 c.c.) during one hour, and the mixture kept at 
room temperature for 20 hours; it was then diluted with water, 
and the precipitated solid filtered off and steam-distilled. The 
steam-volatile 2 : 3 : 4-tribromo-6-nitrophenol, which crystallised 
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from 80% alcohol in yellow rectangular prisms, m. p. 123° (Jackson 
and Fiske, Amer. Chem. J., 1903, 30, 71, give m. p. 120—121°; 
Kohn and Sussmann, Monatsh., 1926, 46, 575, give m. p. 121°) 
(Found: N, 3-7. Cale.: N, 37%), was accompanied by a small 
amount of the more water-soluble 3 : 4 : 6-tribromo-2-nitrophenol, 
which crystallises from alcohol in yellow needles, m. p. 109° 
(Hodgson and Nixon, J., 1929, 2424) (Found: Br, 63-6. Calc. : 
Br, 63-8%). These products give identical m. p. and mixed m. p. 
with dibrominated 3-bromo-6-nitrophenol and 3-bromo-2-nitro- 
phenol respectively. 

Bromination of 3-Bromo-4-nitrophenol.—The phenol (2 g.), dis- 
solved in alcohol (10 c.c.), was treated with bromine (2 c.c.), the 
mixture kept for 30 minutes and then diluted with water (20 c.c.), 
and the precipitated 2 : 3 : 6-tribromo-4-nitrophenol crystallised from 
hot water, forming very pale yellow needles, m. p. 151° (decomp.) 
(Found : Br, 63-5. C,H,O,NBr, requires Br, 63-8%). 

Tribromination of 3-Iodophenol.—5G.., dissolved in alcohol (15 c.c.), 
were gradually treated with bromine (3-5 c.c.). The 2: 4: 6-tri- 
bromo-3-iodophenol was steam-distilled and then crystallised from 
70% alcohol, forming colourless needles, m. p. 91°, which, being 
somewhat hygroscopic, were dried at 70° prior to analysis (Found : 
Br + I, 80-0. C,H,OBr,I requires Br + I, 80-3%). 

The Action of Nitric Acid on 2 : 4 : 6-Tribromo-3-iodophenol.—The 
phenol (1 g.) was added gradually to a solution of nitric acid (7 c.c. ; 
d 1-42) and water (3 c.c.) during } hour, the mixture kept at room 
temperature for 6 hours and then diluted. with water, and the 
precipitated non-volatile 2 : 6-dibromo-3-iodo-4-nitrophenol freed from 
unchanged initial material by steam-distillation and crystallised 
from water, forming short colourless prisms, m. p. 145° (Found : 
Br +I, 67-4. C,H,O,NBr,I requires Br + I, 67-8%), identical 
(mixed m. p.) with the product formed by the dibromination of 
3-iodo-4-nitrophenol. 

Bromination of 3-Iodo-6-nitrophenol in Alcoholic Solution with 
Excess of Bromine.—This afforded 2 : 4-dibromo-3-iodo-6-nitrophenol, 
which crystallised from alcohol in pale yellow needles, m. p. 173° 
(Found: Br + I, 67-5. C,H,O,NBr,I requires Br + I, 67-8%). 


The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (E. W. S.) and the 
Imperial Chemical Industries Ltd. for their various gifts. They 
also wish to acknowledge the valuable assistance of Mr. R. J. H. 
Dyson in the preparative work. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, January 9th, 1932.] 
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61. The Orientation of the a-Chloroanthrones. 
By Epwarp DE Barry Barnett and Coin Lestie HEWETT. 


THE orientation at present in use of 1- and 2-chloro- and of 1 : 8- 
and 4 : 5-dichloro-anthrone depends on experiments by Eckert and 
Tomaschek (Monatsh., 1918, 39, 839) and requires confirmation, 
especially in the case of 1 : 8-dichloroanthrone, as it has been shown 
(Barnett and Matthews, J., 1923, 123, 2549) that these investigators 
were dealing with a very impure material. 

Chloroanthraquinones can be converted into nitriles by heating 
with cuprous cyanide in phenylacetonitrile solution (E.P. 261,422) 
and although the patent specification states that the reaction is 
general for halogenoanthraquinones it was deemed probable that 
the replacement would only take place when a chlorine atom was in 
the o-position to a carbonyl group. This opinion was confirmed by 
the recovery unchanged of 2-chloroanthraquinone after 12 g. had 
been heated at 235—240° (bath temperature) for 45 minutes with 
6 g. of cuprous cyanide.* If the reaction is limited to chlorine atoms 
in the o-position to a carbonyl group, it should take place with 
1-chloro- and with 1 : 8-dichloro-anthrone but not with 4-chloro- 
or with 4: 5-dichloro-anthrone. All these anthrones, however, are 
easily enolised and, as was anticipated, heating with cuprous 
cyanide resulted only in resinous products. 1-Chloroanthrone, 
however, gives the dibenzylanthrone when heated with benzyl 
chloride and caustic potash (Barnett and Cook, J., 1927, 572), and 
since in this there is no mobile hydrogen atom enolisation is 
impossible and it was found to pass smoothly into the nitrile, thus 
providing evidence that the orientation in use is correct. The 
behaviour of the isomeric 4-chloro-10 : 10-dibenzylanthrone could 
not be examined, as 4-chloroanthrone gives only resinous products 
when heated with benzyl chloride and alkali. 

4:5-Dichloroanthrone when heated with benzyl chloride and 
caustic potash gives a monobenzylanthrone (Barnett and Wiltshire, 
Ber., 1929, 62, 3063). This is not enolised and was recovered 
unchanged after being heated with cuprous cyanide (1 part) and 
phenylacetonitrile (5 parts) at 235° for 30 minutes, the orientation 
thus being confirmed. The isomeric 1 : 8-dichloro-10-benzyl- 
anthrone (Barnett and Wiltshire, loc. cit.), on the other hand, is 

* Dr. J. W. Cook (private communication) has found that neither 6-chloro- 
1:2-benzanthraquinone (Schwenk and Waldmann, J. pr. Chem., 1930, 128, 
323) nor the chloro-1 : 2-benzanthraquinone obtained from 2-chloronaphthalene 
and phthalic anhydride (Heller, Ber., 1912, 45, 671; Scholl, Seer, and Zinke, 
Monatsh., 1920, 41, 583) reacts with cuprous cyanide in phenylacetonitrile 
solution. ; 
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easily enolised and when heated with cuprous cyanide heavy 
resinification took place, and although a small amount of a nitro- 
genous product was isolated it could not be purified for analysis. 
Although 1 : 8-dichloroanthrone gives only a monobenzy! derivative 
with benzyl chloride, it gives a di-o-chlorobenzyl derivative with 
o-chlorobenzyl chloride under the same conditions (Barnett and 
Wiltshire, Ber., 1930, 63, 1114). This, of course, is incapable of 
enolisation and yields a dicyano-compound with cuprous cyanide, 
clear evidence that the chlorine atoms are in o-positions to carbonyl 
groups. 1 : 8-Dichloro-10-methoxy-10-phenylanthrone also yielded 
what was almost certainly a dinitrile, but the reaction was accom- 
panied by much resinification and the product was not obtained 
pure. 

Both 1:4- and 1: 5-dichloro-10-benzylanthrone (Barnett and 
Goodway, J., 1930, 1348; Barnett and Cook, J., 1928, 566) are only 
enolised with great difficulty and in each case one chlorine atom is 
replaced by the nitrilo-group on heating with cuprous cyanide, the 
products being regarded as 4- and 5-chloro-l-cyano-10-benzyl- 
anthrone. It is remarkable that both these are readily enolised by 
cold alkali and in this way differ sharply from the dichlorobenzyl- 
anthrones from which they are derived, as neither of these gives a 
red colour even on boiling. 

Attempts to hydrolyse the cyanoanthrones mentioned above were 
not successful, as boiling with sulphuric acid of various strengths 
gave no product soluble in alkali and there was a strong tendency 
for resinification to take place. 


EXPERIMENTAL. 


1-Cyano-10 : 10-dibenzylanthrone—4 G. of  1-chlorodibenzyl- 
anthrone, 1-5 g. of cuprous cyanide, and 20 c.c. of phenylacetonitrile 
were heated for 20 minutes at 230—235° (bath temperature). After 
cooling and dilution with methyl alcohol the solid was extracted 
with hot concentrated potassium cyanide solution and recrystallised 
from glacial acetic acid (charcoal) and from xylene. It was then 
colourless and melted to a dark liquid at 276° after slight previous 
sintering (Found: C, 87-1; H, 5-2. CgH,,ON requires C, 87-2; 
H, 5-3%). 

1 : 8- Dicyano-10 : 10-di-o-chlorobenzylanthrone.—2-5 G. of 
1:8; 2’: 2’’-tetrachloro-10 : 10-dibenzylanthrone, 1-5 g. of cuprous 
cyanide, and 15 c.c. of phenylacetonitrile were heated for 10 minutes 
at 225—230° (bath temperature). The black tar was washed with 
alcohol and purified as described above ; the product then formed 
colourless crystals, m. p. 264° (Found: C, 73:0; H, 3-9. 
C39H,,ON,Cl, requires C, 73-0; H, 3-7%). 
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4-Chloro-1-cyano-10-benzylanthrone.—6 G. of 1 : 4dichloro-10- 
benzylanthrone, 4 g. of cuprous cyanide, and 15 c.c. of phenyl- 
acetonitrile were heated for 5 minutes at 235° (bath temperature). 
On cooling and dilution with methyl alcohol a black tar was obtained, 
which was digested with hot concentrated potassium cyanide solu- 
tion and then boiled with glacial acetic acid. After cooling, the 
almost black solid thus obtained was washed successively with 
glacial acetic acid, methyl alcohol, and acetone until the washings 
were only slightly coloured. It was then recrystallised from glacial 
acetic acid (charcoal), ethyl acetate,-and toluene. The resulting 
colourless crystals, m. p. 208°, gave a crimson colour with alcoholic 
alkali, slowly in the cold, rapidly on heating (Found: C, 76-9; H, 
4:2. Cy.H,,ONCI requires C, 76-9; H, 4-1%). 

5-Chloro-1-cyano-10-benzylanthrone.—7 G. of 1: 5-dichloro-10- 
benzylanthrone, 4 g. of cuprous cyanide, and 25 c.c. of phenylaceto- 
nitrile were heated at 230-—240° for 15 minutes, the solution was then 
cooled and diluted with methyl alcohol, and the solid washed with 
methyl alcohol to remove resinous products. After digestion with 
hot concentrated potassium cyanide solution the solid was again 
washed with methyl alcohol, more resinous substances being 
removed and an almost colourless substance left. After recrystallis- 
ation from glacial acetic acid (charcoal) and from toluene this was 
completely colourless and melted at 234° (Found: C, 76-9; H, 4-3. 
CH ,,ONCI requires C, 76-9, H, 4:1%). This product gave a wine- 
red solution with alcoholic alkali, slowly in the cold, rapidly on 
warming, but was not completely acetylated even after boiling for 
3 hours under reflux with acetic anhydride in pyridine solution. 

1 : 8-Dichloro-10-bromo-10-phenylanthrone.—When 1-6 g. (1 mol.) 
of bromine were added to 3-4 g. of 1 : 8-dichloro-10-phenylanthrone 
suspended in carbon disulphide at the ordinary temperature, no 
reaction took place at first but after a few minutes bromination 
proceeded vigorously. When the reaction had subsided, the whole 
was warmed for a few minutes and then cooled in a freezing mixture. 
The solid was washed with light petroleum and recrystallised from 
benzene, forming almost colourless crystals which melted to a red 
liquid at about 224° after slight previous sintering (Found : C, 57-4; 
H, 2-7. Cy 9H,,OC1,Br requires C, 57-4; H, 2-6%). 

1 : 8-Dichloro-10-methoxy-10-phenylanthrone.—10 G. of the above 
bromoanthrone, 4 g. of calcium carbonate, and 250 c.c. of methyl 
alcohol were boiled under reflux for 6 hours and the solid was washed 
with cold, very dilute hydrochloric acid. On recrystallisation from 
benzene-cyclohexane it formed colourless crystals, m. p. 237° 
(Found : C, 68-2; H, 3-9. C,,H,,0,Cl, requires C, 68-3; H, 3-8%). 

1 : 8-Dichloro-10 : 10-diphenylanthrone.—3-7 G. of finely powdered 

















ORIENTATION EFFECTS IN THE DIPHENYL SERIES. PART XI. 509 


aluminium chloride were added fairly rapidly to 5 g. of the above 
bromoanthrone suspended in 50 c.c. of benzene at the ordinary 
temperature. The solution, which became deep green and then 
deep red, was kept over-night at the ordinary temperature and 
poured into dilute hydrochloric acid. After removal of benzene in 
steam, the red solid was washed with acetone and recrystallised 
from pyridine and from xylene, forming colourless crystals which 
did not melt below 310° (Found: C, 74-9; H, 3-8. C,,H,,OCI, 
requires C, 75-2; H, 3-8%). 

1 : 8-Dichloro-4’-dimethylamino-10 : 10-diphenylanthrone.—3 G. of 
the above anthrone and 6 c.c. of dimethylaniline were warmed 
gently for 15 minutes on the water-bath and the whole was then 
cooled and diluted with methyl alcohol. After being washed with 
methyl alcohol, the solid separated from xylene in slightly yellow 
crystals, m. p. 308° (Found: C, 73-7; H, 4:7. C,,H,,ONCI, 
requires C, 73-4; H, 4-6%). 


One of the authors (E. de B. B.) desires to express his thanks to 
Imperial Chemical Industries, Ltd., for gifts of chemicals and for a 
grant out of which some of the expenses of this research have been 
paid. 


Sir Joun Cass TECHNICAL INSTITUTE, 
Lonpon, E.C. 3. [Received, January 11th, 1932.] 





62. Orientation Effects in the Diphenyl Series. 
Part XI. A Study of the Quantitative Mono- 
and Di-nitration of 4: 4'-Difluorodiphenyl. 

By Fiorence Ruts SHaw and Evstace EBENEZER TURNER. 


THE mono- and the di-nitration of 4 : 4’-difluorodiphenyl (J., 1930, 
1158) gave crude products which on qualitative examination 
appeared to be almost pure specimens of the 2-nitro- and the 
2 : 3’-dinitro-compound, respectively. In view of the discovery 
(Part X, this vol., p. 285) that 4 : 4’-dichloro- and -dibromo-diphenyl, 
although being mononitrated solely in position 2, gave mixtures of 
2: 3’- and 2: 2’-dinitro-compounds when nitrated further, we have 
investigated the difluoro-series on a quantitative basis. 

The piperidine method for determining labile halogens used in | 
the dichloro- and dibromo-series failed in the difluoro-series owing to 
the uncertainty attending the precipitation of calcium or thorium 
fluoride from the mixtures with which we had to deal. By boiling 
the nitration products with a known excess of standard alcoholic 
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potassium hydroxide, we have obtained results which, although not 
accurate to the degree achieved in the dichloro- and dibromo-series, 
show that when 4 : 4’-difluorodipheny] is dinitrated there is formed 
about 65—75% of the 2 : 3’-dinitro-compound (see below), together 
with 4 : 4’-difluoro-2 : 2’-dinitrodiphenyl. The latter substance had 
not hitherto been described, and we have prepared it from 2: 2’- 
dinitrobenzidine by the diazoborofluoride method, and also by 
heating 4-bromo-3-nitrofluorobenzene with copper-bronze. The 
new compound is anomalous as regards m. p., for the melting points 
of the 2: 2’-dinitro-compounds derived respectively from 4: 4’- 
difluoro-, -dichloro-, and -dibromo-diphenyl are 165—166°, 138— 
139°, and 150°, whereas the m. p.’s of the corresponding 2-nitro- 
compounds are 94—95°, 102°, and 124°. 

Fractional crystallisation of the dinitration product of 4: 4’- 
difluorodiphenyl has now led to the isolation of a small amount of 
the 2 : 2’-dinitro-compound, identical with the synthetic material, 
but we have been unable to isolate a specimen of the 2 : 3’-isomeride 
essentially different from that described in Part VIII. Such a 
specimen has now been found to contain about 90% of the 2: 3’- 
dinitro-compound, the constitution of which was previously proved 
by conversion into 4-fluoro-2 : 3’-dinitro-4’-piperidinodipheny]. 
Further constitutive proof is given by the fact that boiling alcoholic 
potassium hydroxide converts the crude dinitration product into a 
mixture from which 4-fluoro-2 : 3’-dinitro-4’-ethoxydiphenyl is very 
readily isolated. Schiemann and Roselius (Ber., 1931, 64, 1332), in 
repeating our previous work, obtained a crude dinitration product 
which would appear, from its description, to contain phenolic 
material, attributable to the fact that they unduly prolonged their 
nitrations, which would almost certainly have produced appreciable 
quantities of trinitro-compounds in addition. 

We have also shown that mononitration of 4 : 4’-difluorodipheny] 
gives a product containing not more than 2—3% of the 3-nitro- 
compound. Further nitration of pure 4 : 4’-difluoro-2-nitrodipheny] 
proceeds to the extent of about 64—65% in the direction of the 
2 : 3’-derivative, and it is now possible to compare the mononitration 
of the 2-nitro-compounds in the three series : 


F F wae aa sy Oo 
NO, 35% 65% 0, 19% 81% 0, 19% 81% 


Although mononitration of 4: 4’-dichloro(or dibromo)-2-nitro- 
diphenyl, and dinitration of 4: 4’-dichloro(or dibromo)-dipheny! 
produced an exactly similar mixture of 2: 3’- and 2: 2’-dinitro- 
isomerides, the corresponding ‘statement is untrue in the difluoro- 
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series. The results recorded in the experimental part appear to be 
capable of only one interpretation, namely, that the detectable 
3-nitration occurring under the conditions for mononitration of 
difluorodiphenyl is definitely greater when mononitration occurs 
under the conditions of dinitration. The high 2: 3’ content (78% 
measured for the product of dinitration would then be due to the 
presence of the 3 : 3’-isomeride, 


Fe Dome Toh aR ne 
De  nerenn, 
Wig ae it 3 $23’ 


which in any method of determining labile fluorine would be the 
equivalent of twice its weight of the 2 : 3’-compound. 


EXPERIMENTAL. 


4 : 4’-Difluorodiphenyl.—This substance was prepared essentially 
by Schiemann’s method (loc. cit. and previous papers), but sodium 
borofluoride was used instead of the difficultly accessible free acid, 
and the diazoborofluoride was decomposed by the following method, 
which is of general applicability. A round-bottomed litre flask was 
heated in a bath at 150° (in general, at a temperature 20—30° above 
that at which the diazo-salt blackens and swells). The dried 
diazoborofluoride from 74 g. of benzidine was dropped into the flask 
in 2—3 g. quantities as rapidly as decomposition occurred. Usually 
a short wide air-condenser was fitted to the flask. Finally, alkali 
was added and the product was distilled in steam. The average 
yield of difluorodiphenyl was 39 g. One crystallisation from alcohol 
gave a pure product, m. p. 90—91°. 

4: 4’-Difluoro-2 : 2’-dinitrodiphenyl.—({a) 4-Bromo-m-nitroaniline 
(52 g.) was diazotised in 20% hydrochloric acid, and the highly 
crystalline diazoborofluoride isolated and decomposed at 200—220°. 
The residue was extracted with chloroform in presence of alkali, and 
the chloroform solution dried and evaporated. The residue distilled 
at 148—150°/50 mm., and was pure 4-bromo-3-nitrofluorobenzene 
(16 g.), m. p. 38—39° (compare Hove, Bull. Acad. roy. Belg., 1926, 
12, 801). This product (15-5 g.) was heated at 240—250°, and 
copper-bronze slowly added. A smooth reaction ensued, and in all 
15 g. of copper were used. The hot mixture was treated with hot 
o-dichlorobenzene and filtered. On cooling, 4-5 g. of 4 : 4’-difluoro- 
2 : 2’-dinitrodiphenyl separated as almost colourless, hard, hexagonal 
plates. These, after recrystallisation from n-butyl alcohol, had m. p. 
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165—166° (Found: N, 9-9; M, cryoscopic in benzene, 252, 268. 
C,,.H,O,N,F, requires N, 100%; M, 280). (b) 2 : 2’-Dinitrobenz- 
idine was prepared by the method of Tauber (Ber., 1890, 23, 794), 
but the crude product was crystallised from phenol containing a 
little alcohol, which greatly diminished the length of the preparation. 
The dinitro-base (15 g.) was diazotised in 20% hydrochloric acid, and 
the diazoborofluoride prepared as usual. It was decomposed at 
200°, and gave 3 g. of crude difluorodinitrodiphenyl. This, after 
crystallisation from o-dichlorobenzene and then from butyl alcohol, 
had m. p. 165—166°, and did not depress the m. p. of the sample 
prepared by method (a). 

A mixture of 1-000 g. of the pure difluorodinitro-compound with 
50 c.c. of N-potassium hydroxide and 30 c.c. of absolute alcohol 
was boiled under reflux for 4 hours. The greater part of the alcohol 
was then removed by distillation, 75 c.c. of N-sulphuric acid added, 
and the whole extracted with benzene until no more coloured material 
was removed. The aqueous layer was then titrated with N-potas- 
sium hydroxide and bromothymol-blue. The mean result of two 
experiments was 0-15 c.c. of N-potassium hydroxide, corresponding 
to 4-2% of molecules containing reactive fluorine. 

Dinitration of 4:4'-Difluorodiphenyl—The difluoro-compound 
(6 g.) was slowly stirred into 50 c.c. of nitric acid (d 1-52) kept at 0°. 
After 4 hour, water was added very gradually until precipitation 
was complete, and the precipitate was filtered off and dried (8-2 g., 
m. p. 107—111°, cloudy until about 125°). It was twice crystallised 
from alcohol (6 g., m. p. 108—112°, cloudy until 140°), and the 
mother-liquor from the two crystallisations was concentrated to a 
small bulk; 1-1 g. of solid then separated, m. p. mainly 115—125°, 
with final clearing at 155°. After two crystallisations from o-di- 
chlorobenzene, it had m. p. 163—165°, and did not depress the m. p. 
of 4: 4’-difluoro-2 : 2’-dinitrodiphenyl. Despite extensive crystal- 
lisation from various solvents, no specimen of the 2 : 3’-compound 
could be obtained free from the 2 : 2’-isomeride, but no specimen 
which was mainly the 2 : 3’-compound had a m. p. much higher than 
110°. At this temperature, the 2 : 2’-compound present separated 
from the liquid, and remained unmelted until far higher temperatures 
were reached, and the rate of heating materially affected the result. 

Mononitration of 4 : 4’-Difluorodiphenyl.—The difluoro-compound 
(5 g.) was dissolved in 50 c.c. of glacial acetic acid, and 40 c.c. of 
nitric acid (d 1-46) were added. The solution was heated at 100° for 
4 hour, cooled, and completely precipitated with water. The solid 
obtained, after being filtered and dried, weighed 5-8 g. and had 
m. p. 87—94°. A piperidine solution of the product was only pale 
yellow after some minutes’ boiling, and addition of water gave a 
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cream-coloured precipitate, in substantiation of previous results 
(Part VIII). 

The product (1-000 g.) was boiled with alcoholic potassium 
hydroxide as described under the 2 : 2’-dinitro-compound : 0-12 c.c. 
of N-potassium hydroxide were used up, corresponding to 2-8% of 
molecules containing reactive fluorine. 

Mononitration of 4 : 4’-Difluoro-2-nitrodiphenyl.—The mononitro- 
compound was obtained by crystallising the crude substance from 
light petroleum (b. p. 60—80°), and had m. p. 94—95°. It was 
nitrated (6 g.) under the conditions used for difluorodiphenyl, and 
gave 7 g. of total nitration product, m. p. 106—112°, cloudy till 120°. 

1-000 G., when boiled with standard alcoholic potassium hydr- 
oxide, was equivalent in three different experiments to 2-32, 2-26, 
and 2-34 c.c. of N-potassium hydroxide, whence the percentage of 
the 2 : 3’-dinitro-compound is 65-0, 63-3, and 65-6 respectively. 

4-Fluoro-2 : 3’-dinitro-4’-ethoxydiphenyl.—The benzene extracts 
from the quantitative determinations just described were evaporated. 
The solid crystallised from alcohol in yellow matted needles, m. p. 
142—143° (Found: N, 9-2. C,,H,,0;N,F requires N, 9-1%). 

Dinitration of 4: 4'-Difluorodiphenyl.—Dinitration of difluoro- 
diphenyl under standard conditions consistently led in different 
experiments to a product having m. p. 108—112°, remaining turbid 
till about 120°. Determination of reactive dinitro-compounds by 
means of alcoholic potassium hydroxide gave the following results : 

Nitration product No. 1: 1-000 g. was equivalent to 2-87 c.c. of 
N-potassium hydroxide in one experiment and to 2-77 c.c. in another. 

Nitration product No. 2: 1-000 g. was equivalent to 2-83 c.c. of 
N-potassium hydroxide in one experiment and to 2-74 c.c. in another. 

Mean equivalent = 2-80 c.c. of N-potassium hydroxide, whence 
the 2 : 3’-dinitro-content is 78%. 

When the crude dinitration product (5 g. of No. 2) was crystallised 
from glacial acetic acid, 1-2 g. of flaky crystals separated, m. p. 
113—120°. The mother-liquor was boiled, and water added at the 
boiling temperature until the volume was doubled. On cooling, 
3-5 g. of hard crystalline material separated, m. p. 112—120° with 
turbidity. The first crop was boiled with standard alcoholic 
potassium hydroxide, 1-000 g. being equivalent to 3-19 c.c. of 
N-solution, corresponding to 89°% of the 2 : 3’-dinitro-compound. 


Part of the expenses of this work were met by grants received from 
the Royal Society and the Chemical Society. 


BeprorD COLLEGE, 
UnIversity or Lonpon. [Received, January 11th, 1932.] 
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63. <A Potentiometric Investigation of Electrolytic Dis- 
sociation, Part I. Cadmium Halides. 


By Harry Lister Ritey and Victor GALLAFENT. 


THE electrolytic behaviour of bi-univalent salts is complicated by 
the possibility of their dissociation occurring in two stages, ¢.g., 


MA, = MA‘ + A’ 

tt 

mM” + A’ 
When, such salts contain kations which readily form complex ions, 
or anions which readily enter a co-ordinated complex, their behaviour 
is further complicated. Such a state of affairs exists in the case of 
the cadmium halides. A study has been made of aqueous solutions 
of cadmium chloride, bromide, and iodide (the fluoride could not be 
included owing to its sparing solubility) by a potentiometric method, 
and it has been found possible, not only to determine the con- 
centration of free cadmium ions, but also to calculate the con- 
centration of the halide ions, undissociated halide, and complex 
ions in solution. The method employed, although limited by 
hydrolysis and sparing solubility, is believed to be capable of 
extensive application and has been developed from the potentio- 
metric studies already described (J., 1930, 1642; 1931, 2029). ° 


EXPERIMENTAL. 


Potentiometric titrations were carried out at room temperature 
in a manner essentially the same as that already described (loc. cit.), 
the following concentration cell being used : 


— 0-01M-CdSO, | 
Cd |0-01M-Cd8O, | Sat. KNO, | 7M-KHal *|4 





(The symbol “ Hal ”’ is used throughout to represent Cl, Br, and I 
generally.) «x varied from 0 to 1:8. 

The cadmium electrodes were prepared by plating small pieces of 
sheet cadmium in a bath of the following composition: hydrated 
cadmium sulphate, 20 g.; water, 500 c.c.; concentrated sulphuric 
acid, 3 ¢.c.; ammonium sulphate, 5 g.; ethyl alcohol, 20 c.c.; a 
current density of app. 0-5 amp./100 cm.2 was used. The three 
electrodes required for each titration were, after being plated, allowed 
to remain short-circuited in the bath over-night. Reproducible 
results were obtained with greater ease than with copper. It was 
unnecessary to boil out the water used, in a current of hydrogen, 
but it was found convenient to stir the solution in the right-hand 
half-element during the titration by bubbling a current of hydrogen 
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through it. Titrations were also carried out using sodium halides 
in place of potassium halides, and results in excellent agreement 
were obtained. ‘‘ A.R.” Salts were employed throughout. 

The results recorded in Table I were obtained from two titrations 
in each case, the one using a dilute solution of the halide to determine 











TABLE I. 
Chloride. Bromide. Iodide. 
[Cd] [Cd] 

Cone. P.D. x 105, Conc. P.D. xX 105. Cone. P.D. [Cd] x 10°. 
00149 6-4 367 0-0099 3-2 476 0-0050 6-6 364 
0:0294 8-1 302 0-0196 6-2 376 0-0098 9-4 291 
0-:0437 14:7 184 0-0291 11:3 250 0-0183 15:3 182 
0-0577 18:3 146 0-0385 17-3 156 0-0283 20-2 123 
0-0714 19-1 135 0-0476 18-8 138 0-0370 23-6 94:3 
0-0849 20:5 117 0-0566 21-6 111 00455 27-4 69-7 
O-l111 24:8 85-7 0-0741 24-8 85-7 0-0614 34:2 40-6 
0-1364 27-2 70-3 0-:0909 28-2 64:5 0-0763 40-1 25-4 
0-1607 29-0 58-6 0-1071 310 524 0-0968 47:6 14-0 
0:2069 33-0 43-0 0-1379 359 35-5 0-:1094 525 9-50 
0:2500 36-4 32-8 0-1667 39-5 26-7 0-1212 56-9 6-70 
0-2903 38-9 26-7 0-1935 42-7 20-7 0-1324 61-2 4°76 
0-3636 44-1 18-0 0-2424 48-0 13-6 0-1429 64-6 3-64 
0:4286 46-7 143 0-2857 62-1 9-81 0-1528 68-0 2-78 
0-5000 50-5 11-0 0°3333 56-1 7-14 0-1667 72-6 1-93 
0-5625 51-5 9-37 0-4286 60-2 5-16 0-2069 87:6 0-586 
06176 54-4 7:97 0-5000 63-1 4°10 0-2500 97:3 0-271 
0-6667 55-6 6-99 0°-5625 67-7 2-84 0-2903 105-9 0-137 
0-7500 58-6 5-29 06176 72-6 1-93 0-3636 117-1 0-0563 
0-8571 64:8 3-58 0°6667 75-4 1-54 0-4286 124:0 0-0325 
10000 69-0 2:56 0-7500 79-8 1-09 0-5000 133°5 0-0153 


1:1250 72-7 1-91 0-8571 85-7 0-681 0-5625 138-6 0-0102 
1:2353 76-3 1-44 1-0000 92-4 0-400 0-6176 143-3 0-00703 
13333 78-4 1-21 1-1250 98-9 0-239 0-6667 150-0 0-00413 
14211 80-6 1-02 1-2353 104-0 0-159 0-7500 158-0 0-00219 
1-5000 82-8 0-857 1-3333 107-3 0-123 0-8571 162-5 0-00153 
1-6364 85-7 0-681 1-4211 110-1~= 0-0958 1-0000 171-1 0-000773 
1-8000 89-0 0-524 1-5000 113-8 0-0731 1-1250 176-5 0-000504 
1-6364 117-7 0-0564 1-2353 182-0 0-000325 
1-8000 122-4 0:0369 1-3333 185-4 0-000248 
1-4211 188-6 0-000193 
1-5000 191-8 0-000149 
1-6364 196-4 0-000104 
1-8000 201-3 0-0000703 


the lower potentials, and the other, a more concentrated solution to 
obtain the higher potentials. The concentrations of the salts are 
given in mols. per litre, and the P.D.’s in millivolts. 


Analysis of Results. 
The values of [Cd] obtained at various concentrations of halide 
can be analysed by the use of the following relationship : 
[Caf {Hal — n(Cd{Cd])}y]" _ 1 
[Cd — [Cd] 
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where [Cd] is the cadmium-ion concentration [calculated from the 
P.D. of the concentration cell by the use of the expression 
E = RT /nF . log C,/C,, [Cd] in 0-01M-cadmium sulphate being 
taken as 0-00614 at 18° (Noyes and Falk, J. Amer. Chem. Soc., 1912, 
34, 475)]; Cd is the total cadmium and Hal the total halide present 
in solution, y an activity correction, n a positive integer, and k,, 
a “ mass-action” relationship. Then [Cd-[Cd]] = concentration 


Fie. 1. 
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of the total undissociated cadmium halide and complex cadmium 
halide ions. 

The concentration of the sulphate ions is neglected because this 
rapidly becomes negligible compared with that of the halide. The 
advantage of using sulphate in both half-elements of the cell lies in 
the fact that it is possible to check the condition of the electrodes 
before commencing the titration, a reading of zero potential across 
the cell indicating that they are in the same condition. 

[{Hal — n(Cd-[Cd])}y] is equal to the concentration of the “ free ” 
halide ions. This expression can be evaluated by assuming some value 
for n. When Hal is large compared with Cd, any alteration in the 














et.e ‘RS ® 


3 

















INVESTIGATION OF ELECTROLYTIC DISSOCIATION. PART I. 517 


value of n from | to 2, 3, or 4 will cause only relatively small changes 
in the value of this expression. If, however, n is put equal to 1, 
then it is tacitly assumed that the only undissociated ionic species 


Fig. 2. 
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in solution is CdHal’, i.e., [Cd-[Cd]} = [CdHal]. Now as the con- 
centration of the halide increases, those of CdHal,, CdHal,’, etc., 
increase, and therefore the vaiue of [Cd-[Cd]] becomes progressively 
greater than [CdHal]: consequently the value of k, will show a 
continuous decrease. This is shown in Fig. 1, where k, has been 
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plotted against the concentration of the total halide. It is interest- 
ing to note that the slope of the iodide curve is greater than that of 
the bromide, which is itself greater than that of the chloride. The 
slopes of these curves illustrate graphically the varying co-ordinating 
tendencies or deformabilities of the halide ions. 

The curves obtained when n = 2 are shown in Fig. 2, and can be 
interpreted as follows. The assumption that » = 2 means that 
[Cd-(Cd}] = [CdHal,]. In the earlier part of the titration a 
considerable quantity of the lower halide CdHal’ exists in 
solution, and therefore [Cd-(Cd]]>[CdHal,]. As the concen- 
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tration of the halide increases, more and more higher halide 
ions are formed at the expense of the lower, and so [CdHal,] 
becomes more and more nearly equal to [Cd-[{Cd]] as the titration 
progresses, until a point is reached where the concentration of 
CdHal, is a maximum and any further addition of halide causes a 
reduction owing to the formation of complex ions. The k, (n = 3) 
and k, (n = 4) curves are shown in Figs. 3 and 4 respectively, and 
can be interpreted in a similar manner to the k, curves. The 
presence of a maximum in a k curve does not necessarily prove the 
existence of a particular ionic species in solution when that value 
of » is not a final one. When this maximum occurs and the value 
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of » corresponds to some complex ion already isolated in a salt, 
there can be little doubt that the particular ion does exist in solution 
and that the maximum indicates the concentration of halide at 
which its concentration is greatest. Complex halides of cadmium 
containing 3, 4, 5, and 6 halogen atoms have been described (Mellor, 
“Comprehensive Treatise, etc.,”” IV, 550—584). Values of n up 
to 4 only have been studied in the present paper as its object is the 
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comparison of the three halides. A study of the greatest value of 
n to give a maximum in the case of the iodide is discussed later. 
The relative positions of the maxima in various curves illustrate how 
the co-ordinating tendency of these ions increases with increasing 
ionic radius. The positions of the maxima also make it possible 
to determine the most advantageous concentrations of the various 
constituents of a solution from which it is desired to crystallise a 
particular double salt. 
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Determination of Dissociation Constants. 


It has been found possible, by the method of trial and error, to 
estimate, with a reasonable degree of accuracy, the true dissociation 
constants (K,) of the various cadmium halide ions. It is obvious 
from the k curves that the values of the dissociation constants must 
be greater than the highest recorded values of k,. By assuming a 
suitable value for K, (determined by trial) a little greater than the 
maximum value k,, the value of [Cd-[Cd]] employed to calculate 
K, can be corrected for the presence of CdHal", and the criterion of a 
correct choice of K, is that the new value of K, shall be reasonably 
constant over a range of halide concentration where the concentration 


TaB_eE II. 
Chloride. 

K, = 0-01. K, = 25 x 10°. K, = 2-0 x 10°. 
Cone. K, x 10°. Cone. Ky; x 10°. Cone. K, X 10°. 
0-0714 1-9 0-2500 3-5 0-7500 31 
0-0849 2-2 0-2903 3-0 0-8571 1-2 
0-1111 2-0 0-3636 1-7 1-0000 1-2 
0-1364 2-4 04286 1-9 1-1250 1-4 
0-1607 2°5 0-5000 1-7 1-2353 i-1 
0-2069 2°5 0-5625 2-0 1-3333 1-1 
0-2500 2-2 0-6176 2-0 1-4211 i-l 
0-2903 2-2 0-6667 2-0 1-5000 1-0 
0-3636 1-9 0-7500 2-0 1-6364 1-0 

1-8000 1-1 
Bromide. 
K, = 68 x 10°. K, = 80 x 10°. K, = 4:0 x 10~. 
Cone. K, X 104. Cone. K; x 104. Cone. K, x 10° 
0-0385 3-3 0-1379 3-6 0-6176 1-4 
0-0476 6-6 0-1667 3-9 0-6667 1-2 
0-0566 61 0-1935 3-3 0-7500 1-1 
0-0741 8-4 0-2424 2:5 0-8571 0-87 
0-0909 75 0-2857 2-2 1-0000 0-80 
0-1071 7:5 0-3333 2-1 1-1250 0-65 
0-1379 6-7 0-4286 3-4 
0-1667 6-1 0-5000 4-2 
05625 2-9 
Iodide. 

= 3-8 x’ 10°. K, = 4:0 x 10. K, = 10 x 10~. 
Cone. K, x 10. Conc. K, x 10. Conc. K, x 10’. 
0-0283 0-80 00370 3-5 0-0455 2-4 
0-0370 1-4 0-0455 4-9 0-0614 32 
0-0455 1-4 0-0614 51 0-0763 3-7 
0-0614 1-2 0-0763 4-9 0-0968 4-1 
0-0763 0-96 0-0968 4-6 0-1094 3-7 

0-1094 4-0 0-1212 3°5 
0-1212 4:0 0-1324 3-1 
0-1429 3-1 
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of the higher halides CdHal,’ and CdHal,” is small, 1.e., over the 
initial rising part of the k, curve. In a similar manner, K, and K, 
being known, it is possible to correct the value of [Cd-[Cd]] for the 
presence of CdHal* and CdHal, when calculating K;, and similarly 
the calculation of K, can be corrected with a knowledge of K,, Kg, 
and K;. The corrected dissociation constants are shown in Table II 
(concentrations, as before, being in mols. per litre). Owing to 
the very rapid formation of the higher iodides, as the concentration 
of the iodide ion increases, K, as obtained by the above method, 
can only be expected to be constant in this case over a very small 
range. It was necessary to increase the values of the corrected 
K, and K, in order to obtain a reasonably constant K,. The nature 
of the results renders it possible only to form these relatively rough 
estimates of the dissociation constants of the cadmium iodides. A 
summary of the dissociation constants is given in Table ITI. 


Taste III. 
K,. K,. K,. Ky. 
Chloride ........... 10 x 1078 2-5 x 1073 2-0 x 10-3 1:0 x 10-3 
Bromide ..........+. 6-8 x 1073 8-0 x 10-4 4-0 x 10-4 1:0 x 10-4 
| RET SESE. 3-8 x 1073 4:0 x 10-4 1-0 x 10-5 7-0 < 1077 


Calculation of the Concentration of the Various Ions in Aqueous 
Solutions of Cadmium Halides. 


By employing the above dissociation constants it is possible to 
calculate the concentrations in aqueous solution of molarity M of 
the species : Cd" (x), Hal’ (y), CdHal’ («), CdHal, (8), CdHal,’ (y), 
and CdHal,” (8). It is assumed that the above are the only ionic 
species in solution. The concentrations of higher halide ions must 
be very small, and neglect of these will introduce only small errors 
into the results. The possibility of the existence of appreciable 
quantities of ions of the type Cd,Hal has also been considered. The 
shape of the k, curves indicates that the concentration of any such 
ions must be negligible. It appears highly improbable, on theoretical 
grounds also, that a highly deformable halide ion will possess the 
property of forming linkages with more than one positive ion at a 
time, except, of course, in the solid state or in very concentrated 
solutions. It is a most serious criticism of the Onsager—-Debye- 
Hiickel theory of “‘ ionic atmospheres ” that no account is taken of 
the above fact, for every negative ion must be relatively much more 
deformable than a positive one, and it is very doubtful whether a 
negative ion with a positive-ion atmosphere exists for any appreciable 
space of time in a dilute solution. 

If it be assumed that the law of mass action applies to the 
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solutions under consideration, the following relationships must 
exist : 


ay =K,y . (1) 

spuKS . (2) 

ae £1 Pe ea 

a! © ee ee ts 
atatSB+y+s8=M (5) 
y+2-+ 28+ 3y+ 46=2M (6) 


Substituting the values of «, 8, y, and 8 from equations (1), (2), (3), 
and (4) into equations (5) and (6), we get the following equations in 
x and y, which can be solved graphically. 








ba M 
7 os 2 3 y? 
1 Fe +o - | 
tle tEetEetsE, 
9 
2M 1 
is ay ay? 4 
2y , dy? , 4y’ 
Lx, it And “ay A 


The results obtained when M = 0-01 are shown in Table IV, and 
have been used to calculate the molecular depression of the freezing 
point of water in 0-01M-solutions of the cadmium halides. The 
values obtained are compared with the experimental ones. 


TABLE IV. 
Percentage Ionic Concentrations. 


0-01M-Cadmium halide solutions. 


CdCl,. CdBr,. CdI,. 
PEED besubcbestasesspenpenicaqednnstinewoise 41-0 32-8 23-1 
SPE cas divsdsebtisites dodbsicibabscsdicbtoee 137°3 125-7 109°3 
PERE E. ..nccOeaseedebbesectpagedcaqestoaesen 56-3 60-6 66-4 
ll tee. Inllelii tSe! 3-09 6-48 6-90 
COMI P Sescessciccsbbtedcsldincddiesdteoned 0-0531 0-163 3-02 
PO Big!) on rocccersserepnvsiccesiaadaespeceboos 0-00147 0-00409 0-471 
Depression of f. p. calc. from above 4-41° 4-20° 3°85° 
BRUNER) WURMED wicicssdccccetasccccssecsenses 4-71 4-47 3°86 


The Maximum Value of n.—Titrations were carried out, employ- 
ing very concentrated solutions of potassium iodide, in an attempt 
to determine the maximum value of n. The results at these high 
concentrations became somewhat uncertain, but fairly definitely 
indicated that 6 was the maximum value as the k, curve showed no 
tendency to form a maximum over a range of iodide concentration 
of 0-25—4-00M. 
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Discussion. 


The above represents a new method of attack on the problem of 
the electrolytic dissociation of salts similar to the cadmium halides. 
It is interesting to note that the value of K, for cadmium chloride, 
viz., 0-01, is in excellent agreement with the value 0-0101 obtained 
by Righellato and Davies (Trans. Faraday Soc., 1930, 26, 592) by 
the interpretation of conductivity data. A series of measurements 
on the dissociation of mercuric halides has been carried out by 
Morse (Z. physikal. Chem., 1902, 41, 709) by a partition method. 
The values of K, and K, only are given. No obvious parallelism 
exists between them and the above results, other than that the order 
is the same, t.e., K,>K, and Cl>Br>I in each case. The method 
employed by Morse is open to the serious criticism that no allowance 
can be made for complex-ion formation, and this undoubtedly dis- 
counts the results to a considerable extent. 

It has been assumed that the value of n employed in the above 
calculations is an integer. This, of course, is probably not so, and 
the values obtained should be looked upon as “ mean ”’ values. It 
is possible also that the values of the dissociation constants obtained 
are not true dissociation constants but constants that have appeared 
in the mathematical analysis of the potential curves. The authors 
are inclined to the view that the values obtained are “ mean” 
dissociation constants. If this be so, one is faced with the fact 
that the manner in which a simple salt such as cadmium chloride 
dissociates must be fundamentally the same as that in which a 
complex ion like CdCl,” dissociates, for there is no marked difference, 
in the change in the value of the constant as we pass from K, to K,, 
compared with the change from K, to K, or K,to K,. This indicates 
that the fundamental mode of linkage in an “ electrovalency ”’ is 
identical with that in a “ covalency.” 

The actual magnitude of the various dissociation constants is 
probably dependent on two main factors, viz., the degree of localis- 
ation of the positive charge on the surface of the kation and the 
deformability of the anion. It is proposed to extend these studies 
to other bi-univalent electrolytes with a view to throw more light 
on the above factors. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KEnsInGcTon. S.W. 7. [ Received, November 18th, 1931.] 
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64. Substitution in Resorcinol Derivatives. Part III. 
Molecular Rearrangement during Bromination. 


By CoLLURAYANA SRIKANTIA, Mysore SesHa IyencaR, and 
K. SANTANAM. 


Ir has been pointed out (J., 1925, 127, 557) that 2-hydroxy-4-meth- 
oxybenzaldehyde on nitration yields mainly the 5-nitro-aldehyde 
(LV) and the quantity of solids obtained from the nitration mother- 
liquor was so small as to preclude a decision whether the 3-nitro- 
aldehyde was formed, or the aldehyde group had been replaced by 
the nitro-group. As a result of further study we have now isolated 
in very small quantities 3-nitro-2-hydroxy-4-methoxybenzaldehyde 
(VII) and 6-nitroresorcinol 3-methyl ether (I). 

The 6-nitroresorcinol 3-methyl ether (I) thus obtained yielded 
on bromination the monobromo-derivative (II) and the dibromo- 
derivative (III). 5-Nitro-2-hydroxy-4-methoxybenzaldehyde (IV), 
in which the nitro-group is in a different position (J., 1925, 127, 
558), gave on bromination the bromonitro-aldehyde (VY) and the 
yellow dibromo-derivative (III), the colour indicating an o-phenolic 
structure. 3: 5-Dibromo-2-hydroxy-4-methoxybenzaldehyde (VI) 
(J., 1929, 1579) on nitration gave a yellow solid identical with (III). 

The bromonitro-compounds in all three cases were proved to be 
identical by the undepressed melting points of mixtures of the three 
substances and of mixtures of their dimethyl ethers and of their 
ethyl ethers. The methyl ethyl ethers were found to be identical 
with that obtained by the nitration (Dahmer, Annalen, 1904, 333, 
346) and subsequent partial methylation and ethylation of tribromo- 
resorcinol. 

Since 6-nitroresorcinol 3-methyl ether (I) and 5-nitro-2-hydroxy- 
4-methoxybenzaldehyde (IV) are o- and p-nitrophenols respectively, 
but give rise to identical dibromo-derivatives when treated with 
excess of bromine, it is suggested that an intramolecular rearrange- 
ment may have taken place during the bromination of one or other 
of the two nitro-compounds. The rearrangement may be due to 
migration of a bromine atom or of a nitro-group or to successive 
replacement reactions. But since 5-nitro-2-hydroxy-4-methoxy- 
benzaldehyde yields a bromonitro-aldehyde (V) when treated with 
the calculated amount of bromine, and on further bromination gives 
a dibromo-compound (III) in which apparently the aldehyde group 
also is replaced by bromine, we are led to conclude that in the first 
instance the nitro-group may have wandered during bromination. 
There are many instances of a nitro-group being easily replaced by 
a bromine atom with the possible liberation of nitrous acid (Kohn 
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and Heller, Monatsh., 1925, 46, 91). Replacement of halogens by 
nitro-groups is also common; but cases of successive disubstitution 
of groups in a benzene nucleus during bromination are rare. 

As it was likely that the bromination of 3-nitro-2-hydroxy-4- 
methoxybenzaldehyde (VII) would give more definite ideas regard- 
ing the molecular rearrangement, this nitro-aldehyde was bromin- 
ated under different conditions; a monobromo- and a dibromo- 
derivative were produced. The dibromo-derivative was identical 
with (III) obtained by the bromination of 6-nitroresorcinol 3-methy| 
ether. It is therefore clear that both from the 5- and the 3-nitro- 
aldehyde the same dibromo-compound is obtained. The molecular 
rearrangement may therefore be due to a disubstitution reaction 
taking place as follows : (1) the first bromine atom enters position 
3 or 5 according as the 5- or the 3-nitro-aldehyde is brominated ; 
(2) the second bromine atom replaces the nitro-group, and the 
aldehyde group is replaced by a nitro-group by the action of the 
nitrous acid thus pegs 


CHO CHO 


NO, 1 

OH » (ong Br OH 

* *e oe" " tour (oo) 86, sp 

Me OMe OMe 
rE |e 

CHO CHO CHO 

OH Br OH # dndan (i OH 
xo”) 7 yo et io “aise Br JBr 


OMe OMe OMe Me 


ExPERIMENTAL. 


6-Nitroresorcinol 3-Methyl Ether—The nitration mother-liquor 
after removal of the 5-nitro-aldehyde (J., 1925, 127, 557) was 
diluted and steam-distilled. A substance which passed over 
crystallised from alcohol in pale yellow needles, m. p. 94—95°; 
it did not give an oxime or a phenylhydrazone (Found: N, 8-5. 
Cale. for C,H,0,N : N, 8-3%). Its identity with 6-nitroresorcinol 
3-methyl ether (Weselsky and Benedikt, Monatsh., 1880, 1, 892, 
898) was confirmed by preparing its methyl ether, m. p. 74—75°. 
The aldehyde group of the initial 2-hydroxy-4-methoxybenzalde- 
hyde has therefore been replaced by a nitro-group (Salway, J., 1909, 
95, 155; Harding, J., 1911, 99, 1585). 

Bromination of 6-Nitroresorcinol 3-Methyl Ether —Monobromo- 
derivative (IT). The ether (2 g.) was dissolved in glacial acetic acid 
and treated dropwise with a solution of bromine (2 g.) in about 10 
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c.c. of acetic acid. The product was diluted with water after 1 
hour. The solid obtained crystallised from ethyl alcohol in stout 
yellow needles, m. p. 117—118° (Found: Br, 32-1. C,H,O,NBr 
requires Br, 32-2%). This monobromo-derivative was found to be 
identical with the nitro-derivative obtained by nitrating 5-bromo- 
2-hydroxy-4-methoxybenzaldehyde with cold fuming nitric acid; 
the product obtained in the latter case did not give an oxime. 

Dibromo-derivative (III). The foregoing ether (2 g.), dissolved in 
acetic acid, was treated with about 4 g. of bromine in acetic acid 
and diluted with water after 4 hours. The precipitated solid (3 g.) 
crystallised from ethyl alcohol in golden-yellow needles, m. p. 127— 
128°; with methyl-alcoholic ferric chloride it gave a light red 
coloration (Found : Br, 48-6. Cale. for C,H,O,NBr, : Br, 48-9%). 
The compound was found to be identical with 2 : 4-dibromo-6-nitro- 
resorcinol 3-methyl ether (J., 1929, 1579). 

Bromination of 5-Nitro-2-hydroxy-4-methoxybenzaldehyde.—5-N itro- 
3-bromo-2-hydroxy-4-methoxybenzaldehyde (V). 5-Nitro-2-hydroxy- 
4-methoxybenzaldehyde (3 g.) was dissolved in glacial acetic acid 
and treated dropwise with bromine (2-5 g.) in the same solvent. 
The mixture was well shaken and diluted with much water after 
2 hours. The solid (3-5 g.) that separated crystallised from methyl 
alcohol in long white needles, m. p. 129—130°; with ferric chloride 
in methyl alcohol it gave a dark red colour (Found: Br, 28-8. 
CsH,O;NBr requires Br, 29-0%). The yellow oxime melted at 
216—217°, and the orange phenylhydrazone at 201—202°. 

This monobromo-derivative on oxidation with a hot alkaline 
solution of potassium permanganate yielded a light yellow acid, 
m. p. 212—214°, identical with that obtained by the bromination 
of 5-nitro-2-hydroxy-4-methoxybenzoic acid (J., 1925, 127, 557), 
and is therefore inferred to be 3-bromo-5-nitro-2-hydroxy-4-methoxy- 
benzaldehyde (V). On further bromination in acetic acid it yielded 
the dibromo-compound (IIT). 

The 5-nitro-aldehyde (3 g.) was treated with bromine (5 g.) in 
acetic acid with repeated shaking, and the solution diluted with 
water after 12 hours. The precipitate crystallised from ethyl 
alcohol in golden-yellow needles, m. p. 127—128°, and was identical 
with (III) (Found: Br, 49-45%). It did not give an oxime. The 
dimethyl ether had m. p. 81—82°, and the methyl ethyl ether 73— 
74°. This dibromonitro-compound is identical with the nitration 
product of 3: 5-dibromo-2-hydroxy-4-methoxybenzaldehyde (J., 
1929, 1580). 

3-Nitro-2-hydroxy -4- methoxybenzaldehyde.— 2 - Hydroxy -4- meth - 
oxybenzaldehyde (20 g.) was dissolved in 40 c.c. of glacial acetic 
acid, heated on a water-bath for 10 minutes, and then treated 
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with 6 c.c. of nitric acid (d 1-52); a brisk reaction took place, oxides 
of nitrogen being evolved. When this had ceased and the solution 
cooled, 5-nitro-2-hydroxy-4-methoxybenzaldehyde separated. The 
filtrate was carefully diluted with water; the light brown needles 
obtained (2 g.) crystallised from ethyl alcohol in long colourless 
needles, m. p. 146—147° (Found: N, 7-2. C,H,0,;N requires N, 
7-1%). In methyl-alcoholic solution the product gave a blood-red 
colour with ferric chloride. The oxime formed colourless needles, 
m. p. 191—192°, the phenylhydrazone golden-yellow leaflets, m. p- 
180°. The methyl ether had m. p. 104—105°, and the ethyl ether 
57—58°. The compound does not respond to the indigotin reaction, 
showing the absence of a nitro-group ortho to the aldehyde; the 
nitro-group must therefore be in position 3. 

5-Bromo-3-nitro-2-hydroxy-4-methoxybenzaldehyde.—The 3-nitro- 
aldehyde (1 g.) was dissolved in glacial acetic acid and treated 
gradually with a solution of bromine (0-8 g.) in the same solvent. 
After 15 minutes, water precipitated a light yellow solid, which 
crystallised from ethyl alcohol in pale yellow needles, m. p. 126°; 
with ferric chloride it gave a blood-red colour (Found: Br, 29-0. 
C,H,O;NBr requires Br, 29-0%). The oxime formed light yellow 
needles, m. p. 153—154°, and the phenylhydrazone golden-yellow 
leaflets, m. p. 147—148°. 

To establish the position of the bromine in the above product, 
5-bromo-2-hydroxy-4-methoxybenzaldehyde was dissolved in the 
minimum quantity of hot glacial acetic acid and treated with the 
calculated quantity of nitric acid (d 1-52).° After the vigorous 
reaction had ceased, the mixture was cooled and kept for an hour. 
A light yellow, crystalline solid separated ; recrystallised from ethyl 
alcohol, it had m. p. 126—127° (Found: N, 5-1. C,H,O;NBr 
requires N, 5-1°%), and was identical with the preceding bromination 
product (oxime, m. p. 153—154°; phenylhydrazone, m. p. 148— 
149°; no response in the indigotin reaction). 

When the 3-nitro-aldehyde was treated with an excess of bromine 
in acetic acid, a golden-yellow solid separated during 4 hours. 
Crystallised from ethyl alcohol, it formed golden-yellow needles, 
m. p. 127—128°, of the compound (III) (Found: Br, 48-65%); 
the dimethyl ether melted at 81—82°, and the methyl] ethyl ether 
at 74—75°. 


We are grateful to the late Professor M. G. Srinivasa Rao for 
helpful suggestions. 


Mysore UNIVERSITY. [ Received, June 22nd, 1931.] 
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65. Some Dinaphthyl Bases. Part I. Syntheses 
and Properties. 


By Wrtut1am Murpocu Cummine and Georce Howie. 


Some confusion exists in the nomenclature and constitution of the 
diaminodinaphthyls isolated to date. Naphthidine has been pre- 
pared by Nietzki and Goll (Ber., 1885, 18, 3252), Cumming and 
Steel (J., 1923, 123, 2468), and Corbellini and Debenedetti (Gazzetta, 
1929, 59, 395), who record m. p. 198° for the base. By further 
purification we have raised it to 202°. Clemo, Cockburn, and 
Spence (J., 1931, 1271) deseribe the preparation of naphthidine by 
reduction of 4 : 4’-dinitro-1 : 1’-dinaphthyl and assign to the base 
m. p. 191°, “ alone or mixed with authentic naphthidine.” They 
claim to have proved naphthidine to be the corresponding diamino- 
derivative, but give no details as to how they prepared the 
“ authentic ’’ specimen. It may be mentioned that 2 : 2’-diamino- 
1 : 1’-dinaphthyl melts at 191° (Meisenheimer and Witte, Ber., 1903, 
36, 4159; Cumming and Ferrier, J., 1924, 125, 1111). Chudodzilov 
(Chem. Listy, 1925, 49, 187) records m. p. 187°. In our hands, the 
conditions of Clemo and co-workers did not give a product, m. p. 
191°, but m. p. 196—197°, the yield (from 1 g.) being insufficient for 
further reerystallisation. The conditions for reduction of 4: 4’- 
dinitro-1 : 1'-dinaphthyl to naphthidine, m. p. 202°, are described. 
The naphthidine obtained was identical with that obtained above, 
and is therefore 4 : 4'-diamino-1 : 1’-dinaphthyl. 

The constitution of the base, 2 : 2’-diamino-| : 1’-dinaphthyl, 
obtained by Meisenheimer and Witte and by Cumming and Ferrier 
(loec. eit.) was. definitely established by Chudozilov (loc. cit.), and 
hence also that of the imine, 2 : 2’-imino-I : 1’-dinaphthyl (Meisen- 
heimer and Witte, loc. cit.; Walder, Ber., 1882, 15, 2173; Japp and 
Maitland, J., 1903, 83, 273; Bucherer and Schmidt, J. pr. Chem., 
1909, 79, 369; Kalle & Co., D.R.-P. 343,149). 

Dinaphthyleneimine or dinaphthylearbazole (Nietzki and Goll; 
Cumming and Steel; Bucherer and Schmidt; D.R.-P. 343,149) was 
synthesised by Vesely (Ber., 1905, 38, 136), who showed it to be 
1: 1’-imino-2 : 2’-dinaphthyl. The corresponding base, dinaphthyl- 
ine (Nietzki and Goll; Cumming and Steel), is therefore 1 : l’- 
diamino-2 : 2’-dinaphthyl. Chudozilov (loc. cit.) attempted the 
synthesis of dinaphthyline itself, but the product was impure, m. p. 
253—259°. The statement of Nietzki and Goll, that dinaphthyline 
gives, vid the diazonium compound, | : 1’-dinaphthyl (m. p. 157°), 
we have been unable to confirm, but on the contrary obtained 
2 : 2’-dinaphthyl] (m. p. 187°). 
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The preparation of the new base 3 : 3’-diamino-1 : 1’-dinaphthyl 
is described. 

The reduction of 3 : 3’-dinitro-2 : 2’-dinaphthyl did not yield the 
corresponding base, but a non-basic yellow compound, C,,H,,03;N,, 
which is being further investigated. 

4 : 4’-Diamino-2 : 2’-dinaphthyl could not be obtained owing to 
failure to prepare the corresponding dinitro- derivative (Cumming 
and Howie, J., 1931, 3176). 

Attempts were made to prepare 2’-nitro-2-acetamido-l : 1’- 
dinaphthy] and 1’-nitro-1-acetamido-2 : 2’-dinaphthy] for subsequent 
reduction to the monoacetyl diamines, by acetylation of the nitro- 
amines, but under no circumstances could acetylation be effected. 
Further, the nitroamines were also incapable of diazotisation. These 
are interesting cases of steric hindrance. 


EXPERIMENTAL. 

4’.Nitro-4-amino-1 : 1'-dinaphthyl—2 G. of 4: 4'-dinitro-1: 1’- 
dinaphthyl (Schoepfle, J. Amer. Chem. Soc., 1923, 45, 1566), sus- 
pended in 100 c.c. of alcohol, 12 c.c. of aqueous ammonia (d 0-88), and 
4c.c. of water, were saturated with hydrogen sulphide and refluxed 
(15 minutes). After cooling, a further 12 c.c. of aqueous ammonia 
were added and the solution was again saturated with hydrogen 
sulphide under reflux (15 minutes). 3 G. of sodium sulphide in 
10 c.c. of water were then added and refluxing was continued until 
the dinitro-compound had disappeared. The clear dark brownish- 
red solution was kept boiling, and sufficient water added to pre- 
cipitate the nitroamine. On removal and recrystallisation from 80% 
alcohol, 0-9 g. was obtained as yellowish-brown spangles, m. p. 
195—196° (Found: N, 8-6. C,9H,,0,N, requires N, 8-9%). 

Ammonium hydrogen sulphide alone will not reduce the dinitro- 
dinaphthyl to the nitroamine, and sodium sulphide or sodium 
hydrogen sulphide alone reacts too vigorously. The above mixture 
gives a smooth reduction, but when more than 2 g. of the dinitro- 
compound are used at a time, the proportion of diamine is con- 
siderably increased. 

The base is insoluble in dilute or concentrated hydrochloric acid. 
The hydrochloride was cbtained as colourless crystals by adding 
concentrated hydrochloric acid to an alcoholic solution of the base. 
It formed a pale yellow diazonium compound which, coupled with 
2-naphthol, gave a bright red insoluble dye. It readily gave an 
acetyl derivative, pale yellow plates, m. p. 243—244° (Found: N, 
7-8. C,.H,,0,N, requires N, 7-9%). 

2'.Nitro-2-amino-1 : 1'-dinaphthyl—1-5 G. of 2 : 2’-dinitro-1 : 1’- 
dinaphthyl (Chudozilov, loc. cit.), reduced as above with 5 g. of 
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sodium sulphide, gave 0-5 g. of the nitroamine, lemon-yellow prisms, 
m. p. 251° (Found: N, 9-3%). 

1’-Nitro-1-amino-2 : 2'-dinaphthyl—2 G. of 1: 1'-dinitro-2 : 2’- 
dinaphthyl (ChudoiZilov, loc. cit.), suspended in 150 c.c. of alcohol, 
were reduced (} hour) as above with 9 g. of sodium sulphide. The 
nitroamine formed lemon-yellow woolly needles, m. p. 264° (Found : 
N, 86%). Neither the 2: 2’-dinitro-1:1’- nor the 1 : 1’-dinitro- 
2 : 2’-dinaphthyl was affected by ammonium hydrogen sulphide. 

Naphthidine (4 : 4'-Diamino-1 : 1'-dinaphthyl).—Attempts to pre- 
pare naphthidine and its diacetyl derivatives by condensation of 
1-bromo-4-naphthylamine and its acetyl derivative respectively, 
by means of copper powder, sodium, sodium amalgam, or aluminium 
chloride, with and without solvents, and at temperatures up to 230°, 
failed. Naphthidine was finally isolated from 4 : 4’-dinitro-1 : 1’- 
dinaphthyl (Schoepfle, loc. cit.) as follows : 5 g. in 100 c.c. of glacial 
acetic acid, and 10 c.c. of concentrated hydrochloric acid, were 
gently boiled under reflux. Zinc dust was added, a little at a time, 
until a clear solution was obtained (1 hour). On filtration and 
cooling, the insoluble hydrochloride separated, which, recrystallised 
several times from boiling water, gave the free base on treatment with 
ammonia. When recrystallised several times from alcohol, 3-5 g. 
of naphthidine were finally obtained in silvery plates, m. p. 202°. 
The base is fairly readily soluble in most common organic solvents, 
but insoluble in water. It was found that reduction of the dinitro- 
compound could also be effected with zinc dust in a melt of salicylic 
acid, a small yield, m. p. 198—199°, being obtained. Boiling dilute 
hydrochloric acid and zine dust or iron is incapable of reducing the 
dinitro-compound. 

The base readily gave a diacetyl derivative, colourless microscopic 
needles (from nitrobenzene), m. p. 363—364°, practically insoluble 
in low-boiling solvents (Found: N, 7-5. C,,H,,O,N, requires N, 
76%); a dibenzoyl derivative by the Schotten-Baumann method, 
colourless plates (from nitrobenzene), m. p. 319—320°, practically 
insoluble in low-boiling solvents (Found: N, 5-7. C,,H,,0,N, 
requires N, 5-7%); and a picrate, yellow plates, m. p. 146—147° 
(darkening about 140°) from benzene (Found: WN, 119. 
2C 5H, .N,,CsH,0,N, requires N, 12-3%). 

3 : 3’-Diamino-1 : 1'-dinaphthyl—0-4 G. of 3: 3’-dinitro-1 : 1’- 
dinaphthyl (ChudozZilov, loc. cit.) in 30 c.c. of boiling glacial acetic 
acid were reduced with zinc dust. After filtration the filtrate was 
rendered alkaline and extracted with ether, and the ether removed. 
The residue, repeatedly crystallised from benzene, gave the base in 
colourless plates, m. p. 270°, The base is very soluble in alcohol ; 
the hydrochloride and sulphate are extremely soluble in water. The 
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small quantity of the base available prevented the preparation of 
any derivatives. 

2 : 2’-Diamino-1 : l’-dinaphthyl.—Attempts (see naphthidine) to 
condense 1-bromoacet-2-naphthalide failed. The amidation of 
2: 2’-dinaphthol in an autoclave with ammonia and ammonium 
hydrogen sulphite, and with ammonium carbonate and calcium 
chloride (compare Walder, loc. cit.), was no more successful. 
ChudoZilov (loc. cit.) reduced 2 : 2’-dinitro-1 : 1’-dinaphthyl with 
sodium amalgam. We obtained it by acid reduction as follows : 
1 g. in 40 c.c. of boiling glacial acetic acid was reduced (2—3 minutes) 
with 5 g. of zinc dust. The reduction mixture was filtered into 
water, the precipitate washed, extracted with a little dilute hydro- 
chloric acid, the extract made alkaline, and the base removed and 
recrystallised several times from alcohol; 0-1 g. was then obtained 
in silvery plates, m. p. 191° (ChudoZilov records m. p. 187°; Meisen- 
heimer and Witte, 191°). The base is fairly readily soluble in hot, 
sparingly in cold alcohol; insoluble in hot or cold light petroleum ; 
fairly readily soluble in cold benzene. The hydrochloride and 
sulphate are very soluble in water. The base readily gave a diacetyl 
derivative, colourless cubes, m. p. 235—236°, from alcohol (Found : 
N, 7-5. C,gH, ,0,N, requires N, 76%); a dibenzoyl derivative by 
the Schotten—Baumann method, colourless prisms, m. p. 235°, from 
nitrobenzene, practically insoluble in low-boiling solvents (Found : 
N, 5-7. C3,H,,0,N, requires N, 5-7%) ; and a picrate, light brownish- 
yellow plates, m. p. 185° (decomp.), from benzene (Found : N, 12-3. 
2C 9H, N,,C,H,0,N, requires N, 12-3%). 

2 : 2’-Imino-1 : 1'-dinaphthyl_—The above reduction was repeated 
but the reduction mixture was kept boiling for } hour. The solution 
was filtered into water, and the precipitate washed and recrystallised 
from alcohol. The imine formed colourless needles, m. p. 158° 
(Meisenheimer and Witte record 157°). It is soluble in most organic 
solvents other than light petroleum. Acetylation and benzoylation 
could not be effected ; it gave a picrate, black needles, m. p. 218— 
219° (Found: N, 10-8. C,)H,,;N,C,H,0,N, requires N, 11-3%); 
treatment in glacial acetic acid solution with excess of solid sodium 
nitrite gave the nitroso-derivative, reddish-yellow needles, m. p. 
145—146° (decomp.), from carbon tetrachloride. 

Dinaphthyline (1: 1'-Diamino-2 : 2'-dinaphthyl).—This forms 
colourless plates, m. p. 281°, from benzene, sparingly soluble in 
alcohol, slightly soluble in cold and fairly readily soluble in hot 
benzene. The hydrochloride and sulphate are exceedingly soluble 
in water, and neither has been isolated. The base reacts with 
excess of acetic anhydride in 24 hours in the cold to give a diacetyl 
derivative, colourless plates, m. p. 229—230°, from alcohol (Found : 
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N, 7-4. C,H,,0,N, requires N, 7-6%). It readily gives a dibenzoyl 
derivative by the Schotten—Baumann method, colourless plates, 
m. p. 277—278°, from nitrobenzene (Found: N, 5-9. C,,H,,0,N, 
requires N, 5-7%); mixed m. p. with dinaphthyline, 240—245°. 
No picrate was obtained, as the base is decomposed by hot acids. 
By elimination of the amino-group by the method described by 
Cumming and Howie (loc. cit., p. 3178), 2: 2’-dinaphthyl, m. p. 
187°, was obtained. 

1: 1’-Imino-2 :2’-dinaphthyl (Dinaphthylcarbazole, Dinaph- 
thyleneimine).—This forms colourless leaflets, m. p. 221°, from glacial 
acetic acid, sparingly soluble in cold glacial acetic acid, fairly readily 
soluble in alcohol and in benzene, slightly soluble in light petroleum, 
soluble in cold concentrated sulphuric acid to give a bright red 
solution, turning dark green on addition of a drop of nitric acid. 
It gives a blue colour with concentrated nitric acid. The base 
gives an acetyl derivative, colourless plates, m. p. over 300°; 
a picrate, red needles, m. p. 242—243° (Found: N, 11-1. 
Cy5H,3N,C,H,0,N, requires N, 11:3%); a  nitroso-derivative, 
yellow plates, m. p. over 300° (Nietzki and Goll); a benzoyl deriv- 
ative, colourless plates, m. p. 119° (Cumming and Steel). 

1-Amino-2 : 2'-dinaphthyl.—1 G. of 1-nitro-2 : 2’-dinaphthyl (Cum- 
ming and Howie, loc. cit.) in a boiling mixture of 20 c.c. of glacial 
acetic acid and 2 c.c. of concentrated hydrochloric acid, was reduced 
with zinc dust. On cooling, the hydrochloride of the base separated 
as lustrous plates. This was recrystallised from alcohol, and the 
free base liberated by addition of ammonia. From alcohol, 0-8 g. 
of l-amino-2 : 2’-dinaphthyl was obtained in silvery plates, m. p. 
220°, fairly readily soluble in most organic solvents, but insoluble 
in water. The hydrochloride and sulphate form lustrous plates. 
The base readily formed an acetyl derivative, colourless plates, m. p. 
225—226° (Found: N, 4-4. C,,H,,ON requires N, 4-5%). 

Isolation of Compound Cy H,,0;N,.—Reduction of 3 : 3’-dinitro- 
2 : 2’-dinaphthyl (Cumming and Howie, loc. cit.) was attempted with 
zine and glacial acetic acid. As reduction proceeded, a yellowish 
product separated, a further crop being obtained on cooling the 
solution after completion of the reduction. Recrystallised from 
benzene (carbon), it formed greenish-yellow plates, m. p. about 350°, 
but first beginning to decompose at 320° (Found: C, 82-5, 83-1; 
H, 4-5, 46; N, 4:8, 4:9. Cj, H,,O,N, requires C, 82-5; H, 4:5; 
N, 48%). It is almost insoluble in alcohol, glacial acetic acid, or 
cold benzene, and sparingly soluble in acetone. It gives a red 
solution in concentrated sulphuric acid, turning apple-green om 
addition of a drop of nitric acid. It gives no reaction with nitrous 
acid. 
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The amino-bases described above were coupled with various azo- 
components, the best colours being obtained from H-acid, in alkaline 
solution. All the colours obtained were unaffected by acids, in 
this respect differing markedly from the corresponding diphenyl 
derivatives, e.g., Congo-red. 
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: 2’-Diamino-1 : 1’-dinaphthyl 
: 4’-Diamino-1 : 1’-dinaphthyl (naphthidine) — — — 

: 1’-Diamino-2 : 2’-dinaphthyl (dinaphthyline) — o —o — 

: 2’-Imino-1 : 1’-dinaphthyl — -—- — 

: 1’-Imino-2 : 2’-dinaphthyl (dinaphthyl carbazole, dinaphthyleneimine) 
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Absorption Spectra.—The absorption spectra of N /2000-solutions 
of the bases and imines were photographed (Fig.). In the light of 
the iron are, naphthidine solutions in alcohol exhibit a pale blue 
fluorescence; dinaphthyline, a brilliant bluish-green fluorescence ; 
2: 2’-diamino-1 : 1’-dinaphthyl, a purple fluorescence; 2 : 2’-imino- 
1:1’-dinaphthyl, a violet fluorescence; and 1 : 1’-imino-2 : 2’- 
dinaphthy], a purple fluorescence. 

In the case of the three isomeric diamines, as the distance from the 
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amino-groups to the bond of union of the naphthalene residues 
increases, the absorption passes further towards the region of lower 
frequency. The absorption of 1: 1’-imino-2:2’-dinaphthyl is 
displaced towards the region of higher frequency from that of its 
parent base, whilst in the case of 2 : 2’-imino-1 : ]’-dinaphthyl the 
absorption is displaced in the other direction from its parent 
base. 
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66. The Action of Phenylhydrazine and of Thiourea 
on Aliphatic Nitro-compounds. 


By ALEXANDER KILLEN MacsBetTH and WILFRED BEAUMONT ORR. 


Previous work by one of us (J., 1920, 117, 880; 1922, 121, 892) 
showed that, whereas the acid reduction of tetranitromethane 
yielded guanidine in the cases examined, alkaline reducing agents 
eliminated a nitro-group, a salt of nitroform being produced. 
Phenylhydrazine behaved abnormally and carried the reaction 
beyond the nitroform stage : and this reaction has now been further 
examined. The oxidation of phenylhydrazine yields various 
products under different conditions. E. Meyer (J. pr. Chem., 1887, 
36, 115) showed that with iodine in excess, iodobenzene is formed 
and nitrogen liberated, the reaction forming the basis of a method 
for the estimation of phenylhydrazine; but in other circumstances 
aniline and diazobenzeneimide are produced: or diazobenzene- 
phenylhydrazide may be formed (Stollé, ibid., 1902, 66, 335). 
Hydrogen peroxide leads to the formation of benzene and diazo- 
benzeneimide (Wuster, Ber., 1887, 20, 2633), but quinones (Clauser, 
Ber., 1901, 34, 889), and under certain conditions the halogens 
(Ber., 1885, 18, 90, 786; 1892, 25, 1074) and alkaline hypochlorite 
(de Coninck, Compt. rend., 1898, 126, 1043; 127, 1028), liberate 
nitrogen quantitatively by the breakdown of the phenylhydrazine. 
There is therefore an element of uncertainty in any method which 
relies on the quantitative liberation of nitrogen from this reagent. 
Gasometric estimations show that approximately three molecules 
of nitrogen are liberated by 1 g.-mol. of tetranitromethane when it 
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is reduced by phenylhydrazine in the presence of alkali. If the 
reagent is oxidised to benzene, one molecule of nitrogen is set free 
for each molecule of hydrogen becoming available for reduction, 
and the result is most simply explained by assuming the reduction 
to involve the successive elimination of nitro-groups with the 
ultimate formation of nitromethane : 


C(NO,), + 3C,H,-NH-NH, + 4KOH = CH,:NO-OK + 3C,H, + 
3N, + 3KNO, + 4H,0. 


Walther (J. pr. Chem., 1896, 53, 433) showed that aromatic 
nitro-compounds are readily converted into the corresponding 
amino-compounds when heated with phenylhydrazine in an auto- 
clave; but nitromethane and nitroethane are attacked only with 
difficulty. We find that nitromethane is stable towards phenyl- 
hydrazine under the conditions of reduction described in this paper : 
for only a trace of nitrogen is-evolved during 4 days. It is therefore 
not unreasonable to consider nitromethane as an end-product of the 
reductions considered. 

On account of the uncertainty of nitrogen estimations already 
pointed out, further support for the suggested course of the reaction 
is desirable. According to the equation the eliminated nitro-groups 
are fixed as potassium nitrite, and a second method of estimation 
isthus open. Determinations of the amount of nitrite present in the 
reaction mixtures by urea and thiourea were found to be in fair 
agreement with the theoretical values. 

Final proof of the course of the reaction would be afforded by the 
isolation of nitromethane, but this has not been satisfactorily 
accomplished. The alkaline solution after removal of excess phenyl- 
hydrazine and benzene contains the nitromethane in presence of 
potassium nitrite: and acidification under these conditions results 
in the conversion of the nitro-compound into the unstable methy!- 
nitrolic acid (Tscherniak, Annalen, 1876, 180, 166; V. Meyer and 
Constam, ibid., 1882, 214, 334). Alternative treatment led to the 
isolation of a small amount of nitromethane, identified as the 
potassium salt: the salt of an unidentified nitro-compound was 
also separated. 

Griffith and Hunter (J., 1924, 125, 463) examined the effect of 
warming an alkaline solution of potassium nitroform with various 
reducing agents and failed to detect the presence of potassium 
dinitromethane at any stage of the reaction: but ammonia was in 
all cases evolved. It was suggested that the observations furnished 
an explanation of the large amounts of nitrogen recorded in our 
previous experiments with phenylhydrazine. The course of the 
reaction now suggested is at variance with their views, and in several 
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large-scale reductions we estimated the amount of ammonia in 
solution and found it to be quite negligible. Under the conditions 
of our experiments there is therefore no evidence of a complete 
decomposition of the nitro-compound such as occurs on warming, 
and the results point to the elimination of nitro-groups as the main 
reaction. 

The action of phenylhydrazine on chloro- and bromo-nitroform, 
dibromodinitromethane, and the potassium salts of nitroform, 
bromodinitromethane, and dinitromethane has also been examined. 
All evolve nitrogen on treatment with the reagent, and in all cases 
nitrite is present in the reaction mixture. The reduction of the 
dinitro-compounds is slow. 

Although the association of the different lines of evidence provides 
a definite case for the course of reaction suggested, further support 
is desirable on account of the unsatisfactory isolation of nitro- 
methane. Attention was therefore directed to thiourea as a reduc- 
ing agent. If reduction involves the elimination of nitro-groups, 
the nitrous acid produced in neutral or weakly acidic solutions would 
react directly with the excess of thiourea: and accordingly this 
reagent would function both as the reducing medium and as the 
agent for estimation. Such expectations were realised and the 
results obtained support the course of reaction set out above. 

The effect of oxidising agents on thiourea follows in general one 
of two courses, giving either urea and sulphuric acid (Maly, Monatsh., 
1890, 11, 277) or formamidine disulphide (Storsch, ibid., p. 452; 
Fichter and Wink, Ber., 1912, 45, 1373; Werner, J., 1919, 115, 
1168). Both sulphuric acid and formamidine disulphide were found 
in the reaction product of thiourea and tetranitromethane. When 
nitrous acid acts on thiourea, the disulphide together with nitric 
oxide may be formed (Storsch, loc. cit.), 


2CSN,H, + 2HNO, = NH,-C(:NH)-SS-C(:NH)-NH, + 2NO + 2H,0 


whereas in the presence of a weak acid the decomposition products 
are thiocyanic acid and nitrogen (Dixon, J., 1892, 61, 526) : 


CSN,H, + HNO, = HONS + N, + 2H,0. 


Werner (J., 1912, 101, 2180) showed that the former course was 
followed only in the presence of a strongly ionised acid, and also 
pointed out that nitrous acid was capable of reacting in the absence 
of any other acid, the gaseous product being nitrogen. As a 
method of estimation it is immaterial which course the reaction takes, 
the volume of the gaseous product being unaffected : but since the 
gasevolved in the reaction with tetranitromethane consists essentially 
of nitrogen, it seems probable that the formamidine disulphide is 
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produced in the initial reaction involving reduction of the nitro- 
compound : 


C(NO,), + 6CSN,H, = MeNO, + 3HNO, + 3C,8,N,H,. 


Fie. 1. 
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Analysis of the gases evolved in reactions with different nitro- 
compounds supports Coade and Werner’s results (J., 1913, 103, 
1221) on the variation in composition of the gas when nitrous acid 


reacts in presence of acids of different strengths. Hydrobromic acid 
T2 
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is present as a reaction product of bromonitroform, and nitric oxide 
(15%) is evolved together with nitrogen: dibromodinitromethane 
yields a gas still richer in nitric oxide (27—30%). 

The preparation of the potassium salt of nitroform by the action 
of sodium ethoxide on tetranitromethane is not free from risk 
(Macbeth, Ber., 1913, 46, 2537). A convenient and safe method of 
preparation which we have used during the last 15 years is now 
described. This consists in shaking tetranitromethane with an 
aqueous solution of potassium hydroxide and glycerol. Pure 
crystals of the salt soon separate, all trace of tetranitromethane 
having disappeared in 4 hour. The oxidation products of the 
glycerol have not been examined, but the reaction will probably be 
found to bear a close analogy to the conversion into glycerose 
recorded by Fischer and Tafel (Ber., 1887, 20, 3384; 1888, 21, 
2634). 

The rates of reaction in the reductions may be followed by measure- 
ment of the volume of gas evolved, and some such results are 
expressed in Fig. 1. The times taken to remove the first group in 
the phenylhydrazine experiments are set down for the series of com- 
pounds below: and these may be interpreted as showing that the 
greater the electropositive effect imposed on an atom or group, the 
more quickly is it removed in the reduction. Similar effects are 
seen in the thiourea reductions recorded in detail in the experimental 
part. 


: a Time. X. Time. 
: /NO, NO, 30 secs. /NO: Br 1 hr. 
X—C—NO, Br 4 mins. X—C—NO, 
NO, Cl 13 mins. Nx 
/NO, NO, 27 mins. JH NO, _ very slow 
X—C=—=NO‘OK Br 2 hrs. X—C—NO-0K 


EXPERIMENTAL. 


Nitrogen Estimations.—The nitro-compounds were prepared by 
standard methods and carefully purified. The estimations were 
carried out in a mercury-filled Lunge nitrometer, 5 c.c. of an alco- 
holic solution of known strength of the nitro-compound being 
introduced, followed by 5 c.c. each of alcoholic phenylhydrazine 
(10%) and aqueous potassium hydroxide (20%). Typical results 
from a large number of experiments are recorded below, and 
approximately six atoms of nitrogen are seen to be liberated by 
g.-mol. quantities of bromonitroform and _ tetranitromethane. 
Chloronitroform gives a somewhat low result; two groups are 
eliminated in the course of an hour, but the third group is much 
more slowly removed, 5-5 atoms of nitrogen being liberated per 
g.-mol. of the nitro-compound after some 40 hours. 
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In the case of potassium bromodinitromethane and potassium 
nitroform definite weights are washed into the nitrometer with 
water, and the other reagents added. The reaction takes place 
slowly, but after standing, the nitrogen liberated exceeds the 
theoretical quantity : no inference can therefore be drawn from these 
experiments, but the nitrite determinations subsequently described 
and the reaction with thiourea indicate the removal of approximately 
one and two molecules of nitrous acid from the respective compounds. 
The times of reaction for the removal of the first group in these 
compounds (two atoms of N, liberated) found in a series of experi- 
ments are recorded in the table above, but the graphs are not 
shown in Fig. 1 on account of the excess of total nitrogen liberated. 

Potassium dinitromethane was prepared by adding dibromo- 
dinitromethane (4 g.) to a solution of arsenious oxide (6 g.) and 
potassium hydroxide (12 g.) in water; after several hours, the solu- 
tion was boiled for a short time and potassium dinitromethane, 
which separated on cooling, was twice recrystallised from water. 
The reduction of the nitro-compound by phenylhydrazine is com- 
paratively slow, but nitrite estimations recorded later show that it is 
eventually complete. In a typical experiment 0-1288 g. of potass- 
ium dinitromethane liberated 0-67, 2-1, 4:16, 6-49, and 8-28 c.c. 
N, at N.T.P. after 0-95, 5-27, 24, 48, and 72 hours respectively ; 
which correspond to 0-0674, 0-211, 0-418, 0-652, and 0-831 atoms 
of nitrogen per g.-mol. of potassium dinitromethane. 


N, evolved Press., Atoms of N 
Substance. Wt., g. (c.c.). Temp. ‘mm. per g.-mol. 
C(NO,),; 0-10049 37-0 12-6° 755-2 6-15 
0-10049 36-4 11-7 759-3 6-11 
0-10826 39-0 12-5 746-0 5-95 
0-10826 39-8 15-2 748-0 6-03 
CBr(NO,); 0-098 30-7 13-2 744 6-02 
0-098 30-5 11-4 746 6-03 
CCl(NO,); 0-9237 31-8 12-0 760 5-5 
0-9549 33-0 13-6 755 5-5 


Nitrite Estimations.—In order to provide materials for these 
estimations and for the isolation of nitromethane, reductions were 
carried out on a larger scale. Tetranitromethane (10 g.), dissolved 
in alcohol (100 c.c.), was added in small quantities at 5-minute 
intervals to a solution of phenylhydrazine (30 g.) in alcohol (90%) 
containing potassium hydroxide (15 g.). The temperature was kept 
below 35°, and the mixture left over-night. After dilution with 
water and extraction with ether (10 times), the residual ether was 
removed by a current of air, the solution diluted to definite volume, 
and nitrite estimated in an aliquot part. In a typical experiment 
the final volume was 1120 c.c., and 10 c.c. of this gave an average 
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of 32 c.c. of nitrogen at 15-5° and 757-2 mm. 10 G. of tetranitro- 
methane therefore give rise to 12-89 g. of potassium nitrite, so 
1 g.-mol. of the nitro-compound yields 2-97 mols. of potassium 
nitrite on reduction. In further experiments the values obtained 
lay between the limits 2-7 and 3-03 mols. of potassium nitrite. 
With bromonitroform an average value of 1-8 mols. of potassium 
nitrite was obtained, and with potassium dinitromethane, potassium 
bromodinitromethane, and potassium nitroform respectively 0-8, 
0-7, and 1-5 mols. of potassium nitrite were detected. The reduc- 
tions in these cases, however, are slow: and in a further reduction 
of potassium dinitromethane which was allowed to proceed for 5 
days a value 1-02 mols. of potassium nitrite was obtained. 

When dibromodinitromethane is reduced by adding it (4 g.) to 
an aqueous-alcoholic solution of phenylhydrazine and potassium 
hydroxide, a bromine atom is quickly removed (small-scale experi- 
ments showed on the average that a bromine atom is removed in 
1 hour) and potassium bromodinitromethane precipitated. Further 
reduction occurs and after 5 days the precipitate consists essentially 
(90%) of potassium dinitromethane [Found : K, 26-2. CHK(NO,), 
requires K, 27-1%. CBrK(NO,), requires K, 17-5%]. When an 
alcoholic solution was used, the precipitate after 8 days’ shaking 
consisted essentially (94°) of potassium bromide, and the amount 
of nitrite present in solution (0-63 mol. KNO, per g.-mol. of dibromo- 
dinitromethane) showed that the elimination of one of the nitro- 
groups had proceeded to a fair extent. 

Ammonia Estimations.—No odour of ammonia was observed 
during any of the reactions described above, and examination of the 
solutions revealed the presence of traces only of ammonium salts. In 
a typical experiment the solution, freed from ether after extraction 
of the excess of phenylhydrazine, etc., was steam-distilled and the 
distillate (1500 c.c.) after acidification with hydrochloric acid was 
concentrated to 100 c.c. and cooled; platinic chloride (10%) was 
then added, and the crystalline precipitate collected after 24 hours 
(0-3335 g.) [Found: Pt, 43-9. (NH,),H,PtCl, requires Pt, 43-95% |. 
This corresponds to 0-027 g. of ammonia or only 0-53 g. per g.-mol. 
of tetranitromethane. In no experiment did the amount of ammonia 
estimated exceed 0:8 g. per g.-mol. of the nitro-compound. Ethereal 
extracts contained no ammonia in the cases examined. 

Detection of Nitromethane.—Solutions prepared for nitrite estim- 
ation were examined for nitromethane with indifferent results. The 
free alkali was destroyed by passing carbon dioxide through the 
solution; alcohol was then distilled off, and the residual solution 
steam-distilled. Both distillates were evaporated under reduced 
pressure after the addition of potassium hydroxide, and the residue 
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made faintly acid with sulphuric acid and extracted with ether. 
The extract was dried, and set aside after the addition of a few drops 
of potassium ethoxide, and the small amount of the salt which 
separated over-night was collected (Found: K, 38-9. CH,K-NO, 
requires K, 39-45%). Alternative treatment consists in adding 
excess of urea to the solution after ether extraction, and gradually 
acidifying the mixture with sulphuric acid. After aspiration of 
air, the product was steam-distilled, and the distillate made alkaline 
with potassium hydroxide (5 g.) and concentrated on the water-bath 
to about 50 c.c. Yellow crystals separated and on acidification, a 
white nitro-compound separated, which was filtered off. The 
filtrate was worked up for nitromethane, and the residue on the filter 
dissolved in ether. The solution, after beirig dried, soon deposited 
white rectangular needles (0-16 g.) of the unidentified nitro-com- 
pound. The substance is not a methane derivative, as it is a solid 
(m. p. 73—75°), and the intense yellow colour of the potassium salt 
suggests the presence of two nitro-groups attached to the same 
carbon atom (Found: K, 19-3%). 

Thiourea Reductions.—These estimations were carried out in a 
mercury-filled Lunge nitrometer, 5 c.c. of an alcoholic solution of 
the nitro-compound being introduced, followed by 5 c.c. of an 
aqueous solution containing excess of thiourea (0-2 g.). The 
reactions were carried out with or without the addition of acetic acid 
and were mostly complete in 2 hours; but final readings were taken 
after 12 hours. Potassium salts were made up in aqueous solution, 
and glacial acetic acid (1 c.c.) was added after the thiourea. The 
results obtained in typical experiments are set out below, the last 
column (A) giving the mols. HNO, obtained from 1 mol. of the 
nitro-compound. 


Gas evolved, Press., 
Substance. Wt., g. c.c. Temp. mm. A. 
C(NO.), 0-04892 19-2 10-0° 746-0 3-26 
0-04892 18-7 9-6 742-5 3°17 
0-06270 26-0 12-0 721-0 3°30 
CBr(NO,),3 0-05506 13-1 13-8 728 2-24 
0-05506 12-6 14-4 730 2°15 
0-11162 25-5 13-7 718 2-11 
0-09280 22-8 20-8 734 2-18 
CCl(NO,)s; 0-04452 13-7 16-9 733 2-32 
CK(NO,),; 0-04624 11-1 16-6 770 1-95 
CBr,(NO,). 0-1173 10-8 15-6 763 1-03 
CH,-CBr(NO,). 0-07076 8-4 22-2 760 0-98 


CH,NO, nil. 


The progressive liberation of nitrogen (or nitric oxide) is shown in 
the following examples. 
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HNO,, g. HNO,, g. 
perg.-mol. HNO,, perg.-mol. HNO,, 
Time, N,at ofnitro- mol.per Time, N, at of nitro- mol. per 
mins. N.T.P. cmpd. _— g.-mol. mins. N.T.P empd._— g.-mol. 
Bromonitroform, 0-05506 g. 
2 0-77 6-78 0-14 75 11-38 100-2 2-13 
5 2-01 17-70 0-38 105 11-7 103-0 2°19 
10 3°35 29°5 0-63 240 12-0 105-6 2-25 
20 5°45 48-0 1-02 1380 12-4 109-5 2-3 
45 9-37 82-5 1-75 
Dibromodinitromethane, 0-1173 g. 
2 332 15-75 0-34 60 6-63 31-46 0-67 
5 436 20:69 0-44 120 7-48 35-5 0-75 
10 4:73 «=. 22-45 0-48 180 8-04 38-2 0-81 
20 «554 (63 0-56 1140 ~—- 10-08 47-8 1-02 
45 634 301 - 0-64 
Potassium dinitromethane, 0-0450 g. 
2 35 23-65 0-50 60 5-44 36-75 0-78 
5 468 31-6 0-67 90 5-66 38-23 0-81 
10 487 32-9 0-7 150 5-85 39-5 0-84 
20 ll 34-45 0-73 1200 6-94 46-9 1-0 
3063 35-7 0-76 


Gases liberated in Thiourea Experiments.—Some of the nitro- 
compounds studied yield halogen acids as reduction products, and 
in view of Coade and Werner’s results (loc. cit.) it seemed of interest 
to examine the gases liberated in the different reactions. The gas 
from tetranitromethane is mainly nitrogen; in the other cases 
examined, the proportion of nitric oxide increases when halogen acid 
is present in the reaction mixture. 


Substance. Products. N, %- NO, %. 
Tetranitromethane 3HNO, 93-8 6-2 
Chloronitroform 2HNO, + HCl 87-1 12-9 
Bromonitroform 2HNO, + HBr 83-9 16-1 
Dibromodinitromethane HNO, + 2HBr 68-6 31-4 


Identification of Formamidine Disulphide.—Tetranitromethane 
(0-9778 g.) in alcohol was slowly added to an aqueous solution of 
thiourea (4 g.), and the mixture kept for 5 hours. Sulphur, pre- 
cipitated as a decomposition product of the disulphide, was removed, 
and an alcoholic solution of picric acid added to the filtrate. The 
picrate of formamidine disulphide soon separated, m. p. 153°, the 
amount being about 20% of the theoretical quantity required for 
reduction of the nitro-compound. 

Preparation of Potassium Nitroform.—A solution of glycerol (40 g.) 
in water (400 c.c.) containing potassium hydroxide (30 g.) is, when 
cool, treated with tetranitromethane (30 g.), and the mixture 
mechanically shaken. Yellow crystals of potassium nitroform soon 
separate, the change being complete in about 30 minutes. The 
salt is removed and fresh potassium hydroxide, glycerol, and tetra- 
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nitromethane are added to the filtrate: the yield in this case is 
greater owing to the solution being initially saturated with potassium 
nitroform. The salt separates in a fine crystalline state of good 
purity, and the method has proved to be quite safe [Found: K, 
20°55. Cale. for CK(NO,),: K, 20-7%]. 

The approximate solubilities of the salt in water and in alcohol 
were determined; in the latter case the solvent was carefully 
evaporated and the dry salt weighed. In the case of aqueous 
solutions a volume of the saturated solution was drawn off at a 
definite temperature, acidified with sulphuric acid, and evaporated 
to dryness, and the potassium estimated as sulphate. The salt is 
only moderately easily soluble in water at temperatures below 30°, 
but above that temperature the solubility increases rapidly. 


NEU a PLONE: 0° 10° 20° 30° 40° 50° «60° 
Water (g. per litre) .... 16+7 21-5 28-3 35-9 62-9 111-5 193-5 
Alcohol (g. per litre)... 1-845 1-976 2-544 5-29 


The barium salt may be prepared by a similar method using 
baryta and glycerol. It separates as a very fine, pale yellow, 
microcrystalline powder. 


UNIVERSITIES OF ADELAIDE AND 
DvuRHAM. [Received, September 14th, 1931.] 





67. Effect of Solvents on the Optical Rotation of 
Menthene, Bornylene, and Borneol. 


By Inenz Mary McAtprne. 


MENTHENE, bornylene, and borneol were examined for six colours 
of light, namely, 4 = 6716-3, 4 = 6234-3, 24 = 5790-3 (Hg,), » = 
5460-7 (Hg,), 4 = 4916-4, and 2 = 4358-6 (Hg,) in six solvents, 
benzene, ethyl alcohol, pyridine, ethylene dibromide, nitrobenzene, 
and quinoline, at the ordinary temperature, and in addition the 
effect of temperature on the rotation dispersion of menthene in the 
homogeneous state. Comparing the values obtained by the action 
of the solvents on menthene with that for the homogeneous terpene 
hydrocarbon, it is found that all the solvents cause an increase in the 
rotation for all colours of light with the exception of quinoline, 
which gives a lowering of 13° for mercury green and a corresponding 
lowering for the other colours of light. Ethylene dibromide, which 
usually shows a marked effect in the opposite direction to quinoline, 
gives the greatest increase in this case also, namely, 9°, the increases 
with the remainder of the solvents being small. Pyridine, chloro- 
form, and nitrobenzene have practically no effect. Increase of 
temperature causes the rotation of the homogeneous menthene to 
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decrease slowly for all colours of light, the curves tending towards 
minima. 

The values obtained were plotted on a characteristic diagram, and 
lay with good agreement along lines intersecting one another 
(practically) at the point of origin of the diagram in such a way, so 
far as can be judged when extrapolation has to be carried out through 
more than 100° of rotation, as to indicate little or no region of 
anomalous dispersion. 

It was found that solvents have practically no effect on the 
rotation of bornylene, the highest rotation being observed in pyridine 
solution ([«], == -++ 26-45°) and the lowest in quinoline solution ([«], = 
+. 25-51°). The points lie approximately on the same diagram as 
those for menthene. 

The effect of solvents on /-borneol is more marked, the range of 
variation of rotation for [«], being fully 10°. Quinoline produces 
the greatest depression of the rotation, and pyridine the greatest 
elevation of the rotation, with nitrobenzene slightly below it. The 
effect of ethylene dibromide is one of elevation, but is small in 
amount. All these values for borneol also lie with good agreement 
on the same characteristic diagram as those for bornylene and 
menthene. 

Thus we find that with the exception of quinoline, which produces 
the lowest numerical rotation in all three cases, there is considerable 
variation in the degree of effect of the various solvents, though the 
tendencies are similar in the three cases. 

Since these three groups of points all lie on one characteristic 
diagram, the lines of which intersect at the point of origin of the 
diagram, it follows that the dispersion coefficients for all these 
compounds calculated by the ordinary method ought to be the 
same throughout. This is actually the case with those for menthene 
and borneol, while those for bornylene are slightly higher. This is 
seen in the following table : 


Menthene. Bornylene. l-Borneol. 
: Dispersion. Dispersion. Dispersion. 
Solvent. Hg;/Hgs. Hgy/Hg,. Hgy/Hg,. Hgy/Hg,;. Hgy/Hg,. Hgy/Hg,. 


Benzene ......... — — 0-885 1-759 0-871 1-740 
Ethylalcohol... 0-881 1-748 — — 0-868 1-744 
Pyridine ......... 0-870 1-741 0-891 1-769 0-865 1°764 
Chloroform ... 0°872 1-740 0-879 1-784 0-869 1-755 
Ethylene 

dibromide ... 0°875 1-748 0-870 1-780 0-865 1-747 
Nitrobenzene... 0°877 1-750 0-881 1-785 0-873 1-746 
Quinoline ...... 0-868 1-743 0-887 1-789 0-877 1-754 


Homogeneous 0-873 1-750 —- — ons peel 


This forms another example of a property which seems to be 
characteristic of many bornyl and menthyl derivatives. Kenyon 
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and Pickard (J., 1915, 107, 35) found that most menthy] derivatives 
lie on a characteristic diagram with dispersion coefficient V/G = 
1-634 to 1-675, while the bornyl esters they had plotted had as 
coefficient V/G = 1-707 to 1-871. From this it will be seen that 
menthene lies, not on the same diagram as the majority of the 
menthyl derivatives, but on the diagram with the majority of 
bornyl derivatives, and bornylene. This constitutes another 
example of a substance transferring to the diagram of a related 
group, a previous one being the case of the menthyl and bornyl 
benzene- and naphthalene-sulphonates (Patterson and McAlpine, 
J., 1926, 353; 1928, 2472), all of which lie on the diagram for the 
majority of menthyl esters with coefficients V/G = 1-650 to 1-685. 


EXPERIMENTAL. 


Isolation and Purification —Menthene. Menthene was obtained 
by the method of Tschugaev from menthyl methyl xanthate, and 
after purification by distillation with metallic sodium showed b. p. 
167—167-5°, d2 0-8130, and |[o]io + 137-5°, [a] + 119-75° 
(Tschugaev gives d? 0-8132 and [«]p + 114-77°). 

Bornylene. Bornylene, prepared by the same method as menth- 
ene, was purified by treatment with hydrogen peroxide (compare 
Henderson and Caw, J., 1912, 101, 1416) and showed m. p. 113°, 
[x]!3,. 26°76°, [a]},, 23-70° in benzene (c = 5%), Briihl’s constants 
being [«]p = 23-94° in benzene (c = 8-23). 

Borneol. Commercial ]-borneol was converted into bornyl methyl 
xanthate, and the ester purified by crystallisation and hydrolysed 
with alcoholic potassium hydroxide. The borneol was then steam- 
distilled, and recrystallised from light petroleum; it then showed 
m. p. 208°, and [«|}j,, 43-63° in benzene (c = 5%). 


Menthene. 


(a) In solvents. JT = 22°, 
Solvent. Cone.  [a]r,. [ary [a]y. [a],. {a]p. [a]y. 
Ethylalcohol... 5 +91-28° +105-9° +125-6° +142-5° +181-2° +249-0° 


Pyridine ......... 5 87°30 102-1 119-9 138-9 176-9 241-9 
Chloroform 5 87-90 103-1 121-9 139-7 178-3 243-1 
Ethylene 

dibromide ... 5 93-75 109-7 129-2 147°6 188-9 258-0 
Nitrobenzene... 5 88-78 103-5 122-2 139-3 177°8 244-0 
Quinoline ...... 5 81-00 93-4 109-7 126-5 161-5 220-5 


(5) In the homogeneous state. 


Temp. Density. [a]}r,- [a]r,- [a]y. [a]g- [a]r. [a]y- 
10-1° 0-8194 -+86-81° +102-1° +120-4° +138-0° +177-6° +241-5° 


26-9 0-8064 85-84 101-1 119-5 137-2 176-1 239-7 
43-5 0-7936 85-04 100-6 118-6 136-3 175-0 237-9 
58-3 0-7821 84-63 99-75 117-7 135-2 174-4 236-0 
69-1 0-7734 84-18 99-30 117-3 134-3 173-2 235-1 


91-0 0°7547 83°32 98-23 116-2 133-3 171-6 232-9 
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d-Bornylene. 


In solvents. J = 24°. 


Solvent. Cone.  [a)r,. [a]r,- [a],. [a],. [a]. [a]y. 
Ethyl alcohol... 5-01 +15-11° +19-39° +22-76° +25-75° +31-23° +-45-43° 
Benzene ......... 5-20 16-75 19-39 23-70 26-78 34-69 47-10 
Pyridine ......... 5-18 16-79 20-08 23-56 26-49 34-17 47-47 
Chloroform ... 5-01 15-37 19-26 23-16 26-34 34°13 47-41 
Ethylene 

dibromide ... 5-01 16-55 19-54 22-93 26-33 34-29 46-99 
Nitrobenzene ... 5-00 16-59 19-59 23-09 25-79 34-00 46-07 
Quinoline ...... 5-08 15-23 18-89 22-82 25-52 33°87 45-72 

1-Borneol. 
In solvents. J = 22-5°. 

Solvent. Conc. = [a]r,- [a]r,- [a]y. [a]. [a]p- [a]y. 
Benzene ......... 5 —27-55° —32-15° —38-20° —43-85° —55-35° —76-35° 
Ethylalcohol... 5 25-40 30-00 34-20 39-40 49-80 67-90 
BYTSGMNG, .06000000 5 29-90 33-80 40-40 46-70 60-90 80-60 
Chloroform ... 5 25-45 29-95 34-95 40-20 51-85 70-55 
Ethylene 

dibromide ... 5 27-82 32-40 37-50 43-90 55-30 76-70 
Nitrobenzene... 5 31-20 36-00 40-80 46-00 60-00 80-30 
Quinoline ...... 5 24-60 28-00 32-10 36-60 47-00 64-20 


The author’s thanks are due to Professor T. 8. Patterson for the 
use of his polarimetric equipment and for his general interest in the 
work, 
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68. The Oxidation of B-3:4-Dihydroxyphenylethyl- 
methylamine with Silver Oxide. The Isolation of 
5 : 6-Dihydroxy-1-methylindole and a Synthesis of 
5 : 6-Dimethoxy-1-methylindole. 
By Harotp Burton. 


It was shown by Duliére and Raper (Biochem. J., 1930, 24, 239) 
that $-3:4-dihydroxyphenylethylmethylamine was oxidised in 
aqueous solution by tyrosinase to a deep red solution of a substance 
which was probably 1-methyl-2 : 3-dihydroindole-5 : 6-quinone (I). 
This solution was decolorised by treatment with sulphurous acid 
or by keeping in an atmosphere of hydrogen, with the production 
of 5 : 6-dihydroxy-1-methylindole (II), which was not isolated but 
was converted by methylation with methyl sulphate and alkali in 
an inert atmosphere into 5: 6-dimethoxy-l-methylindole (ILI). 
The constitution of the dimethoxymethylindole was not proved 
by synthesis, but was inferred from the results of Raper’s experi- 
ments (ibid., 1927, 21, 89) with tyrosine. The red solution of (1) 
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was also obtained by oxidation of the dihydroxyphenylethylmethyl- 
amine with an aqueous suspension of silver oxide. 

The oxidation with silver oxide has now been investigated further 
and the results, which amplify those of Duliére and Raper, sub- 
stantially confirm Raper’s view (loc. cit.) of the mechanism of the 
tyrosine—tyrosinase reaction. 


HO’ \—CH, __, ——OH, HO 
Ho) ane \ oil Pri ? 


Z NMe 
NHMe (I.) (II.) 
MeO NHMe MeO, MeO paring 
@ > Me ; Jo-80,Na MeO 
(IV.) (v.) NMe (III.) NMe 


When the red solution of (I) is treated with a solution of o-phenyl- 
enediamine in acetic acid, a reaction occurs but crystalline material 
could not be isolated. With phenylhydrazine acetate, however, a 
crystalline monophenylhydrazone is isolated in rather more than 50°, 
of the theoretical yield, which has the correct analytical composition, 
and does not give the characteristic colour reaction of indole deriv- 
atives with p-dimethylaminobenzaldehyde and hydrochloric acid. 
Addition of a few drops of 5N-sodium hydroxide to the red solution 
causes immediate decolorisation; immediate acidification with a 
slight excess of acetic acid stabilises the almost colourless solution 
and the formation of the melanin-like pigment (compare Raper, 
loc. cit.) is completely suppressed. Extraction of the decolorised 
solution with ether affords 5 : 6-dihydroxy-l-methylindole (II), 
which has not been obtained crystalline but has been characterised 
as the diacetyl derivative. Methylation of the dihydroxymethyl- 
indole has given 5 : 6-dimethoxy-1-methylindole (III), which has 
now been synthesised by condensing 4-methylaminoveratrole (IV) 
with glyoxal sodium bisulphite in boiling aqueous alcohol (compare 
Pschorr and Karo, Ber., 1906, 39, 3142; Hinsberg, Ber, 1908, 41, 
1367) to give sodium 5 : 6-dimethoxy-1-methylindolyl 2-sulphite (V), 
from which the dimethoxymethylindole has been obtained by distil- 
lation with zinc dust. 

Some interesting changes of the red solution are described in the 
experimental section, and further experiments regarding the produc- 
tion of a black pigment (melanin) from it are in progress. 


EXPERIMENTAL. 
1-Methyl-2 : 3-dihydroindole -5 : 6 - quinonemonophenylhydrazone.— 


| 


Silver oxide, precipitated from 9-4 g. of silver nitrate (5 mols. + 
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10°, excess) with baryta and washed free from alkali with water, was 
suspended in 200 c.c. of water and mixed with a solution of 6-3 : 4- 
dihydroxyphenylethylmethylamine hydrochloride (2 g.) in water 
(800 c.c.). An immediate red coloration was produced. After 15 
minutes’ vigorous stirring, the liquid was filtered repeatedly until 
free from admixed silver. Addition of an excess of phenylhydrazine 
acetate to the bright red solution (A) gave a product (1-3 g.), which 
crystallised from isoamyl alcohol, in which it was readily soluble 
when hot and almost insoluble when cold, in either deep orange-red 
plates,or prisms or (occasionally) a mixture of both forms. Both 
forms, or a mixture, melt at 226—227° and then decompose (Found : 
C, 70-8, 71-0, 70-9; H, 6-0, 6-0, 6-0; N, —, 16-2, 16-0. C,;H,,ON, 
requires C, 71:15; H, 5-9; N, 16-55%). 

5 : 6-Dihydroxy-1-methylindole (I1).—The solution (A) was treated 
with a few drops of 5N-sodium hydroxide, and immediately the 
colour had faded to pale yellow a few drops of glacial acetic acid 
were added. Extraction with ether (until a test portion of the 
extract imparted little or no colour to an aqueous solution of 
sodium hydroxide when shaken) gave a solution having a beautiful 
blue fluorescence. 5 : 6-Dihydroxy-l-methylindole was obtained 
from the dried solution, by evaporation and drying in a vacuum 
desiccator over potassium hydroxide, as a glass (0-6 g.), which was 
very soluble in alcohol, insoluble in petroleum, and gave a reddish- 
purple coloration with p-dimethylaminobenzaldehyde and concen- 
trated hydrochloric acid in alcohol, changing to brown on addition 
of a trace of sodium nitrite. Acetylation with acetic anhydride 
(5 c.c.) (boiled for 5 hours) gave a semi-solid product which, when 
dissolved in alcohol and treated with ice-water, separated as an 
amorphous solid. This diacetyl derivative, m. p. 95—100° after 
softening at 65° (Found: C, 62-75; H, 5:3; N, 5-4. C©,3H,;0,N 
requires C, 63-5; H, 5-25; N, 5-65%), is insoluble in alkali hydroxide 
but is gradually hydrolysed with the production of a black solution. 
The diacetyl derivative appears to be partly polymerised, since it 
does not dissolve completely after 30 minutes’ boiling with 10% 
sodium hydroxide solution in an atmosphere of nitrogen. The 
alkaline solution obtained turns black immediately it is in contact 
with air. 

Solution (A) was decolorised by zinc dust. When air was bubbled 
through the colourless solution, a blue substance was precipitated, 
which changed to a brown insoluble substance on attempted 
crystallisation. 

4-Methylaminoveratrole (IV).—A mixture of 4-acetamidoveratrole 
(40 g.), sodium wire (6-5 g.), and dry xylene (200 c.c.) was heated 
at 130° (bath) for 4 hours with frequent shaking. After cooling, 
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methyl iodide (45 g.) was added, and the mixture heated from 
110° to 150° during 6 hours. The major part of the xylene was 
distilled, and the residue hydrolysed by boiling with an excess 
of concentrated alcoholic potassium hydroxide solution for 24 hours. 
The alcohol and a small amount of residual xylene were distilled in 
steam; ether extracted from the residue 22 g. (65% of the theo- 
retical) of 4-methylaminoveratrole. The base distils at 153—155°/12 
mm. as a straw-coloured oil having a faint camphor-like odour 
(Found : C, 64:2; H, 7-5. C,H,,0,N requires C, 64:7; H, 7-8%), 
gives Liebermann’s nitroso-reaction, and darkens rapidly when it 
is exposed to the atmosphere. 

Sodium 5:6-Dimethoxy-1-methylindolyl 2-Sulphite (V).—Solutions 
of glyoxal sodium bisulphite (32 g.) in water (250 c.c.) and of 4-methy]- 
aminoveratrole (20 g.) in alcohol (150 c.c.) were mixed and boiled 
under reflux for 48 hours. The greenish-yellow solution was filtered 
while hot and then cooled at about 0°. The sodium salt (19 g.) 
which separated crystallised from water in small prisms, m. p. 187° 
(decomp.) (Found: §, 10-1. C©,,H,,0;NSNa,H,O requires §, 
10-3%). 

When the sodium salt (5 g.) was boiled with 75 c.c. of a mixture 
of water (1 part) and hydrochloric acid (2 parts) for 30 minutes and 
the resulting solution neutralised, a small amount of insoluble 
material separated. Extraction of the basified solution with ether 
gave 5 : 6-dimethoay-1-methyloxindole ( ?), which dissolved readily in 
water and crystallised from light petroleum (b. p. 100—120°) in 
clusters of needles, m. p. 120—121° (Found: C, 63-8; H, 6-3. 
C,,H,,0,N requires C, 63-65; H, 6-35%). 

5 : 6-Dimethoxy-1-methylindole {II1).—An intimate mixture of the 
above sodium salt and zinc dust (10 parts) was heated in a vacuum. 
The indole, which sublimed, was recrystallised from alcohol, the 
pure substance having m. p. 138—139° either alone or mixed with 
a specimen prepared from solution (A) by Duliére and Raper’s 
procedure (Found: C, 68-7; H, 6-8. Calc. for C,,H,,0,N: C, 69-1; 
H, 6-8%). 


The author wishes to express his thanks to Professor H. 8. Raper, 
F.R.S., for his valued co-operation and advice, and to the Govern- 
ment Grant Committee of the Royal Society for a grant which has 
helped to defray the cost of this investigation. 


THE University, LEEDs. [Received, January 15th, 1932.] 
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69. The Vapour Pressure of Water over Aqueous 
Solutions of the Chlorides of the Alkaline-earth 
Metals. Part I. Experimental, with a Critical 
Discussion of Vapour-pressure Data. 


By Jack RearyaLtp Irons HEPBURN. 


MEASUREMENTS of vapour pressure have proved of considerable 
value, apart from their intrinsic interest, in testing and verifying 
current theories of solution, despite the fact that the experimental 
difficulties encountered in such measurements have limited their 
abundance and scope. 

It appeared that the dew-point method previously described by 
the author (Proc. Physical Soc., 1928, 40, 256) was capable of 
experimental refinement so that it might be applied to the study of 
inorganic salts in aqueous solution to give results of a sufficiently 
high order of accuracy for the purpose intended. Further, this 
method possessed the advantage that it enabled determinations to 
be made over the whole concentration range from dilute to saturated 
solutions at the ordinary temperature. 

Earlier workers in. this field have generally employed aqueous 
solutions of uni-univalent salts which are neither hygroscopic in the 
solid state nor extensively hydrated in solution (e.g., potassium 
and sodium chlorides, potassium nitrate). It appeared desirable 
to study a group of bi-univalent salts showing a progressive variation 
in hygroscopic character. The chlorides of the alkaline-earth metals 
have therefore been investigated, since they possess the additional 
advantages that they are well-characterised substances, readily 
obtained in a state of purity, and are not extensively subject in 
aqueous solution to such disturbing effects as hydrolysis, formation 
of complex ions, etc. 

The present paper is limited to a discussion of the experimental 
data. Subsequent communications will deal with the application 
of the results to modern theories of solution, to the correlation of the 
vapour-pressure data with other physical properties of solutions, and 
particularly to the evaluation of activity coefficients. 

Discussion of the Dew-point Method and of Standard Vapour- 
pressure Data employed in its Use.—In the experimental method 
employed in the present work, a glass tube, closed at one end by a 
metal thimble of high thermal conductivity, is enclosed in a bulb 
containing the given aqueous solution in equilibrium with its vapour. 
The bulb is evacuated and the vapour space is completely enclosed. 
The temperature of the metal thimble is continuously lowered by 
suitable means until dew forms on the surface. At this temperature 
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the vapour pressure of the cooler water forming the layer of dew is 
equal to that of the water vapour above the solution, which is 
at 25°. 

One of the great advantages of this method over tensimetric 
methods generally is the fact that the measurements may be made 
in the presence of air, whereas the accuracy of tensimetric methods 
is seriously affected in the presence of even traces of air. At the 
same time, experiment shows that the presence of air is prejudicial 
to accurate work with the dew-point method, since the accuracy 
with which the dew-point may be measured is determined by the 
sharpness of the formation and disappearance of dew; this is 
governed by the speed with which equilibrium is again set up after 
dew has been deposited on or evaporated from the silver thimble, 
which itself is controlled by (1) the rate of diffusion of water vapour 
in the vapour space and (2) the rate of evaporation or of condensation 
at the liquid surface. 

It is evident that the rate of diffusion of water vapour will depend 
on the partial pressure of air, i.e., it will be diminished through 
collisions with air molecules. Evidence of a rapid process of gaseous 
diffusion in the case of water vapour is provided by the work of 
Dieterici (Ann. Physik, 1893, 50, 51) and of Smits (Z. physikal. 
Chem., 1902, 39, 393), who find that at 0°, even in an apparatus of 
relatively large volume, the pressure of water vapour reaches its 
normal value in less than 15 mins. It is probable that similar 
considerations apply equally to evaporation and condensation from 
the surface of the solution. The author has at no time found any 
difficulty in making measurements through sluggishness in the re- 
establishment of equilibrium, contrary to the observations of Goode. 
Bayliss, and Rivett (J., 1928, 1950). The difficulties encountered 
by Ormandy (Trans. Inst. Chem. Eng., 1929, 7, 78) in preliminary 
dew-point determinations with aqueous solutions of copper sulphate 
are probably to be attributed to inadequate cleaning of the thimble 
and to presence of air in the apparatus. 

A second important source of error in all static methods for the 
measurement of vapour pressure is the liability to the formation of 
a surface layer on the solution through condensation or evaporation. 
Thus, if condensation occurs from the vapour space to the solution, 
e.g., during disappearance of dew from the thimble, a more dilute 
surface layer will be formed, specifically lighter than the bulk of the 
solution, and the concentration will only be equalised by the relatively 
slow process of liquid diffusion. It is evident, therefore, that in any 
experiment the solution must be kept in movement throughout. 
This effect was confirmed in the present work; it was found to be 
most pronounced in the case of the more dilute solutions : results 
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were inaccurate unless such solutions were shaken throughout each 
observation. 

The temperature of observation (25°) was as a rule higher than 
that of the room; hence it was essential to prevent condensation of 
water upon the walls of the containing vessel. The dew-point 
apparatus was therefore designed so that the whole of the vapour 
space was completely immersed in water in the constant-temperature 
tank at 25°. 

Since the accuracy of the vapour-pressure determinations is 
dependent upon that of the standard values for the vapour pressure 
of water, the most accurate data available should be employed. The 
vapour-pressure tables of Regnault (Ann. Chim. Phys., 1844, 11, 
273), which were previously regarded as providing standard values, 
have been shown to be in error (Scheel and Heuse, Ann. Physik, 
1910, 31, 715; Holborn and Henning, ibid., 1908, 26, 833). Despite 
this fact, several recent workers have continued to employ these data, 
and in consequence their results are subject to a systematic error. 

Bousfield and Bousfield (Proc. Roy. Soc., 1923, 103, 429), in their 
investigation of the vapour pressure of water over aqueous solutions 
of sodium chloride, quote Regnault’s value, viz., 15-383 mm., for the 
vapour pressure of water at 18°; the figure given by Scheel and Heuse 
is 15-477 mm. There is therefore an error of 0-094 mm. in all the 
vapour pressures in Table I of their paper, which is considerably 
in excess of the estimated experimental error. Similarly, Goode, 
Bayliss, and Rivett (loc. cit., p. 1954), in their measurements of the 
vapour pressure of water over aqueous solutions of magnesium 
acetate, use 23-52 mm. for 25° instead of 23-76 mm., and the resultant 
error is outside the estimated limit of + 0-03 mm. 

Measurements of vapour pressure prior to 1908 are necessarily 
subject to similar unavoidable errors. The data of Dieterici (loc. cit.) 
and of Smits (loc. cit.) need correction to the extent implied by their 
use of 4-62 mm. for the vapour pressure of water at 0° instead of 
4-579 mm. Similarly, the figures of Roozeboom (Z. physikal. Chem., 
1889, 4, 31) for the relative vapour pressure of water over saturated 
solutions of calcium chloride at various temperatures (see below) 
are based on the older incorrect data. 

Experimental Standardisation of the Dew-point Method.—Since the 
dew-point determinations do not directly give absolute values for 
the vapour pressure, it seemed desirable to make a further inde- 
pendent comparison of the method with a direct method. Such a 
comparison was made for concentrated solutions in the previous work 
(loc. cit., p. 258), saturated solutions of sodium chloride being used, 
but the experimental refinements now introduced, and the consequent 
greater accuracy, rendered a ‘more thorough comparison necessary. 
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Recent accurate determinations of the vapour pressure of water 
over aqueous solutions of potassium chloride have been made by 
Lovelace, Frazer, and Sease (J. Amer. Chem. Soc., 1921, 43, 102), 
using the tensimetric method at 20°, and by Pearce and Snow (J. 
Physical Chem., 1927, 31, 231), using a dynamic gas-bubbling 
method at 25°. This salt, therefore, may be employed to provide 
convenient reference solutions at 25° for standardising the dew-point 
method. From the results of the first workers at 20°, values at 25° 
may readily be obtained on the assumption that the relative vapour 
pressure is independent of the temperature, an assumption which is 
justifiable over such a small temperature interval and in view of the 
fact that the differential heat of dilution for potassium chloride is 
small. 

The author has determined by the dew-point method the vapour 
pressure of water over 8 solutions of potassium chloride at 25°, from 
0-25M to saturation. The results are set out in Table I (col. 3), 
together with those of Pearce and Snow (col. 4) and the recalculated 
values of Lovelace, Frazer, and Sease (col. 5). The agreement 
appears to be satisfactory and within the limits of accuracy estimated 
by the author (viz., 0-02° for the dew-point or 0-03 mm. for the 
vapour pressure). 

TABLE I. 


Vapour pressure of water over aqueous solutions of potassium chloride 
at 25°. 
[H, Hepburn; PS, Pearce and Snow; LFS, Lovelace, Frazer, and Sease.] 
Molecular lowering of 





Vapour pressure, mm. vapour pressure. 

Soln. Conc., « “~ . - sf i 

No. M. H. PS. LFS. H. PS. LFS. 
1 0-250 23°56 23-56 23-57 0-80 0-80 0-77 
2 0-375 23-46 23-47 23-47 0-80 0-77 — 
3 0-750 23-20 23-19 23-20 0-75 0-76 0-75 
4 1-000 23-03 23-02 23-01 0-730 0-739 0-749 
5 2-027 22-27 22-22 22-24 0-735 0-756 0-750 
6 3-001 21-53 21:50 21-48 0-743 0-753 0-760 
7 4-015 20-72 §20-69 20-68 0-759 0-765 0-770 
8 4-81 20-04 20-02 — 0-773 0-777 — 

(satd.) 


In columns 6, 7, and 8 are given calculated values of the molecular 
lowering of vapour pressure. Here also the author’s figures show a 
minimum value at the same concentration as that indicated by the 
other data, viz., app. 1M, followed by a steady increase with fall in 
concentration. Special attention has been paid to the measurements 
in the more dilute solutions, 7.e., over the concentration range 
0-25—1M, since the relative accuracy of the dew-point method 
progressively diminishes with fall in concentration, and it was 
desired to establish the fact that, despite this diminution in accuracy, 
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the method was capable of detecting abnormal behaviour at these 
relatively low concentrations. The agreement with the other data 
for potassium chloride, therefore, confirms the view that the minima 
found in the molecular lowering of vapour pressure for the chlorides 
of the alkaline-earth metals over this concentration range are real. 

The agreement in the figures for the saturated solution appears 
to indicate that the value of Edgar and Swan (J. Amer. Chem. Soc., 
1922, 44, 570), viz., 20-20 mm. at 25°, is in error. 


ExPERIMENTAL. 


In the observations on calcium chloride, the first dew-point 
apparatus, described in the earlier paper (loc. cit., p. 256), was 
employed throughout. The accuracy of the temperature observ- 
ations then was of the order 0-05°; this has now been increased to 
0-01°. The two thermometers used—one for the constant-tem- 
perature tank, the other for the dew-point »pparatus—were of Jena 
normal glass, graduated on the stem to 0-1°. They were compared 
with a thermometer standardised by the National Physical Labor- 
atory, and subsequently checked against one another on three 
occasions, at intervals of about a year, during the progress of the 
work. A lens was attached to each thermometer to facilitate 
observations. 

It was necessary to modify the method of raising and lowering the 
temperature of the dew-point tube for small lowering of dew-point, 
since when ether was employed with air bubbling, the initial tem- 
perature of the ether in the dew-point tube approximated to that of 
the room, the vacuous space in the bulb acting as an insulating 
jacket and so preventing the temperature of the tube from reaching 
25°. Since the room temperature seldom exceeded 20°, some other 
method had to be employed to cool the tube if the dew-point was 
higher than 20°. A water-circulating method was therefore substi- 
tuted for the ether-cooling method in cases where the latter was not 
available. A second tank of 8-litres capacity was fitted with an 
overflow device and supplied with a constant stream of water so that 
it always remained full. The water in this tank was thoroughly 
stirred mechanically, and the temperature could readily be adjusted 
by gas-heating or by increasing the flow of water. A glass tube, 
widened at the- base and immersed in the water of the circulation 
tank, was connected to the inlet of the dew-point tube, and the 
outlet tube was connected to a water pump. By this arrangement, 
water at any desired temperature could be drawn through the dew- 
point tube. 

The dew-point thimble was strongly illuminated by a screened, 
gas-filled, electric lamp, placéd close to the window of the observ- 
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ation tank and in the same horizontal plane as the thimble; the dew 
was thereby rendered much more readily visible. 

In the subsequent determinations (on strontium and barium 
chlorides) a modified dew-point apparatus was employed, in which 
the spherical glass bulb of the first apparatus was replaced by a 
somewhat larger cylindrical bulb (of 500 c.c. capacity). The silver 
thimble in this apparatus was soldered to a layer of copper deposited 
directly on the end of the glass dew-point tube, thus avoiding the use 
of a cement. Four glass beads were fused on the glass dew-point 
tube about 2 cm. above the point of attachment of the thimble; 
two of the beads served to hold a silver clip of slightly larger diameter 
than the silver thimble, in a way similar to the method used to attach 
an electric light bulb to its socket, except that the slots usually on 
the socket were in this case on the clip. This comparison clip was 
made of the same sample of fine silver as the dew-point thimble, and 
therefore took the same type of polish ; it was thermally insulated 
from the thimble by the four glass beads. When fitted to the dew- 
point tube, the clip overlapped the silver thimble, so that the two 
polished silver surfaces were alongside each other. In actual 
observations, when dew formed on the thimble, the clip remained 
bright. This comparison device proved to be of great value in 
observing the exact dew-point. 

The general procedure followed in removing air from the solution 
was initially to lower the pressure to 2 cm. of mercury, and to leave 
the solution for 6—12 hours to allow bubbles of dissolved air to be 
evolved. During this process the silver thimble invariably became 
splashed with drops of the solution. At the end of this time, it was 
therefore removed, rinsed with water, dried, and replaced, before 
the pressure was lowered to the final value, as indicated by the small 
enclosed U-tube manometer. This value approximated closely to 
the vapour pressure of water over the given solution at 25°. Prac- 
tically all the air present, whether previously in the gas space or 
dissolved, was removed by this process. 

Both the calcium and the barium chloride were A.R. materials 
(British Drug Houses, Ltd.). Strontium chloride of this quality 
was not available, but the sample used consisted of 98-8% of the 
hexahydrate ; it was free from barium and iron, and contained only 
traces of lead and arsenic, the chief impurity being alkali (0-44%), 
and it was further purified by two recrystallisations as the dihydrate 
above the transition temperature, viz., 61-34° (Richards and Yngve, 
J. Amer. Chem. Soc., 1918, 40, 89). 

In preparing the solutions used for the vapour-pressure determin- 
ations, a saturated solution was made at the ordinary temperature, 
which served as the standard solution; its composition was deter- 
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mined gravimetrically in duplicate by the chloride method. In the 
case of barium chloride, barium was also estimated as sulphate as a 
check; results were in agreement within 0-05%. The solutions 
employed in the actual vapour-pressure determinations were pre- 
pared in each case by admixture of weighed quantities of the standard 
solution and water; for solutions of higher concentration than the 
standard solution (inchiding the saturated solution), however, the 
concentration was determined immediately after the dew-point 
determination by the gravimetric estimation of chlorine. 

Full experimental details of the dew-point method are given in the 
earlier paper. 

The experimental results for the three salts are given in Table II. 
Concentrations are given as (1) molalities (mols./1000 g. of water, 
col. 2), (2) weight percentages (g./100 g. of solution, col. 3), (3) 
normalities (col. 4), in order to facilitate comparison and reference. 
In computing the normalities, values for the densities of the solutions 
at 25° are required. For calcium chloride, these have been taken 
from the data of Pickering at 17-9°, corrected to 25° by assuming 
the known values for the coefficients of expansion. In the corre- 
sponding calculations for strontium and barium chlorides, the 
density data employed were those of Gerlach. All concentrations 
are expressed in terms of the anhydrous salt. 


Discussion of Results. 


In the discussion and comparison of data obtained at temperatures 
other than 25°, the thermodynamic relation between differential 
heat of dilution and temperature variation of the relative vapour 
pressure is verified, and in the case of barium chloride the comparison 
indicates that the (negative) differential heat of dilution should 
diminish in magnitude at concentrations approaching saturation, 
a result of some interest which is at present not capable of confirm- 
ation in the absence of experimental data for the differential heat 
of dilution at these concentrations. 

1. Calcium Chloride —Data at 25°, or over a temperature range 
including 25°. The only existing vapour-pressure data in this 
category are those of Biltz (Z. physikal. Chem., 1902, 40, 185), 
Paranjpe (J. Indian Inst. Sci., 1918, 2, 59), and Reozeboom (Z. 
physikal. Chem., 1889, 4, 31). 

The results of Biltz at 25° include four observations only, limited 
to the concentration range 0-1—0-6M which is outside the scope of 
the present work; discussion of these data is deferred to Part II, 
but there is reason to believe that they do not attain a high degree 
of accuracy. 

Paranjpe has carried out 4 large number of vapour-pressure 
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TABLE II. 


Vapour pressure of water over aqueous solutions of the chlorides of the 
alkaline-earth metals at 25°. 








Weight Vapour Relative 
Soln. Molality, percent- Normal- Dew press., vapour 
No. M. age, G. ity, N. point. mm. press., r. 
1. Calcium chloride. 
1 0-199 2-16 0-392 24-82° 23-50 0-9893 
2 0-284 3-05 0-562 24-77 23-43 0-9863 
3 0-344 3-68 0-682 24-77 23-43 0-9863 
4 0-494 5-20 0-975 24-66 23-28 0-9800 
5 0-635 6-59 1-250 24-54 23-12 0-9731 
6 0-796 8-12 1-559 24-37 22-88 0-9629 
7 1-000 9-99 1-949 24-17 22-61 0-9517 
8 1-504 14-30 2-888 23-42 21-61 0-9097 
9 1-985 18-06 3-764 22-52 20-47 0-8616 
10 2-495 21-69 4-690 21-52 19-26 0-8106 
ll 2-990 24-91 5-497 20-30 17-86 0-7518 
12 4-004 30-77 7-147 17-22 14-73 0-6200 
13 5-826 37-25 9-133 10-44 9-48 0-3990 
14 7-278 44-68 11-62 5-97 7-00 0-2946 
(satd.) 
2. Strontium chloride. 
1 0-200 3-07 0-397 24-86 23-56 0-9917 
2 0-301 4-56 0-597 24-85 23-55 0-9915 
3 0-400 5-97 0-791 24-71 23-35 0-9828 
4 0-600 8-69 1-180 24-56 23-14 0-9738 
5 0-995 13-62 1-939 24-13 22-55 0-9493 
6 1-495 19-17 2-880 23-45 21-65 0-9114 
7 2-246 26-27 4-233 22-27 20-16 0-8486 
8 2-872 31-29 5-315 21-01 18-66 0-7854 
9 3-245 33-97 5-921 20-15 17-70 0-7450 
10 3-403 35-05 6-175 19°75 =| 17:27 0-7269 
11 3-517 35-80 6-328 19-41 16-90 0-7114 
(satd.) 
3. Barium chloride. 
1 0-199 3-98 0-395 24-86 23-56 0-9917 
2 0-289 5-68 0-573 24-84 23°53 0-9906 
3 0-406 7-80 0-802 24-83 23-52 0-9902 
4 0-508 9-57 0-996 24-66 23-28 0-9800 
5 0-606 11-21 1-183 24-60 23-20 0-9766 
6 1-007 17-34 1-936 24-29 22-77 0-9583 
7 1-285 21-11 2-446 24-03 22-42 0-9436 
8 1-568 24-61 2-952 23-58 21-82 0-9185 
9 1-655 25-64 3-111 23-47 21-68 0-9126 
10 1-788 27-14 3-336 23-36 21-53 0-9061 
(satd.) 


observations, using the tensimetric method, with solutions of 
moderately high concentrations (M = 1-352) up to saturation, and 
at temperatures ranging from 0° to 40°. Vapour pressures inter- 
polated from his results at 25° are quoted in Table III, together with 
the author’s experimental figures. The former, except those for 
the highest concentrations, are low compared with the latter, but the 
values for the saturated solution are in agreement. The maximum 
difference is 0-7 mm., and diminishes with rising concentration. A 
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Tasie ITI. 
Molality, M............ 1504 1-985 2-495 2-990 4-004 5-826 7-278 


Vapour anne 20-94 20-00 18-64 17-28 14:50 968 7-04 
press. 


(mm.) {| Hepburn 21-61 20-47 19-26 17-86 14-73 9-48 7-00 


further discrepancy appears when the relative vapour pressures (r) 
are computed for any particular solution at various temperatures : 
those for solutions of concentration G = 15, 20, and 40% (taken 
from Paranjpe’s table of interpolated figures; corresponding values 
of M = 1-352, 2-802, and 3-604 respectively) diminish with rise in 
temperature; thus, for solution G = 15%, the following results are 
obtained : 

Temp. 0° 10° 20° 25° 

# ADEA cccsdedgobdhoovercss 0-930 0-911 0-897 0-893 

It is shown below that such a result is contrary to that to be 
anticipated from the fact that calcium chloride has a positive heat 
of dilution. Some error is therefore indicated in the interpolated 
figures. The author has repeated the process of interpolation 
employed by Paranjpe, and finds that in many cases the number of 
experimental points is not large enough to give accurate interpolated 
values, while in other cases extrapolation must be resorted to in order 
to obtain results at higher temperatures. Hence it appeared desirable 
to apply the heat of dilution criterion to the actual experimental 
figures, in testing their accuracy, instead of to the interpolated ones 
forming the final table. Choosing the solution @ = 37-32% 
(M = 3-362), one finds : 

Ps wiiaccutapeseseclosabues 0° 9-1° 22-2° 30° 

© Pdeependcccccocagpageeeccsdese 0-712 0-698 0-714 0-702 
For a solution of this concentration the value of r at 0° obtained by 
Dieterici (see below) is 0-694; the author’s value at 25° is 0-710. 
Similar results follow with other solutions. 

Hence it appears that Paranjpe’s experimental results are some- 
what erratic, showing no definite trend with rise in temperature ; 
the steady fall in the interpolated values is evidently introduced as 
a result of the interpolation. He states (loc. cit., p. 63) that in the 
case of the lower concentrations and at higher temperatures, direct 
measurements of the vapour pressure could not be made, as water 
distilled from the solution and condensed in the manometer as soon 
as the vapour pressure of water over the solution rose above about 
23 mm. The results obtained indicate that such effects were also 
operative at considerably lower temperatures. 

Roozeboom, in determining the vapour pressure of water over the 
saturated solution at 25°, employed the tensimetric method of 
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Fréwein; he gives 6-70 mm., as compared with 7-00 mm. in the 
present work. The corresponding figures for the relative vapour 
pressure are 0-282 and 0-295 (Roozeboom’s original value of 0-285 
has been corrected from his data by using the modern figure for the 
vapour pressure of water at 25°, viz., 23-76 mm., instead of 23-52 
mm.). The discrepancy between these figures is possibly due to the 
fact that air may not have been completely removed from the 
apparatus in the experiments of Roozeboom, since such an effect is 
known to occur in this form of apparatus. 

Data at temperatures other than 25°. (a) Qualitative discussion. 
It has been shown in the previous work that a study of the relative 
vapour pressure in conjunction with existing data on heats of 
dilution provides a convenient means of comparing results obtained 
in vapour-pressure determinations with those of other workers at 
different temperatures. 

Measurements previous to the work of Roozeboom (loc. cit.) 
include those of Wiillner (Ann. Physik, 1858, 103, 529) and of Emden 
(ibid., 1887, 31, 162). The fact that solutions of calcium chloride 
evolve heat on dilution should indicate from thermodynamic 
principles that the relative vapour pressure increases with rise in 
temperature ; such a prediction was not confirmed by the results of 
either of these authors. A few experiments, mostly at relatively 
high temperatures, quoted by Roozeboom, however, agreed with 
the theory in indicating an increase in the relative vapour pressure 
with rise in temperature. These discrepancies were attributed by 
Roozeboom to the fact that the limits of temperature and concen- 
tration were not sufficiently widely spaced to obtain concordant 
results, and also to experimental error in the actual measurements. 

Similar considerations apply to the earlier vapour-pressure data 
of Tammann (ibid., 1885, 24, 530; 1888, 35, 322) and of Perman and 
Price (T'rans. Faraday Soc., 1912, 8, 74); their results are therefore 
not included here. 

In this qualitative discussion of data the experimental results of 
the various investigators are not quoted; values of the vapour 
pressure obtained in each case are converted into the corresponding 
values of r and plotted against the molality, which in certain cases 
is recalculated from the original data. 

Dieterici (Ann. Physik, 1893, 50, 47; 1897, 62, 616) has deter- 
mined directly by a differential tensimetric method the vapour 
pressure of water over aqueous solutions of calcium chloride at 0°. 
His experiments are in two groups : the first four are concerned with 
concentrated solutions (M = 1—5), and the last five with more 
dilute solutions (M = 0-05—1). His results are shown by curve A 
(Fig. 1) and curve B shows the author’s results. Harrison and 
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Perman (Trans. Faraday Soc., 1927, 23, 1) have determined the 
vapour pressure of water over aqueous solutions of calcium chloride 
at 40°, 50°, 60°, 70°, and 80°, using a statical method. Only the 
curve for 40° is represented in Fig. 1 (curve C). The remaining 
curves reproducing their data lie between this curve and that 
(curve D) of Tammann (Mem. Acad. St. Petersburg, 1887, 35, 7), 
who determined the vapour pressure at 100° over a wide range of 
concentration. 
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Curve B: Author at 25°, ©. Curve D: Tammann at 100°, @. 
Curve A; Dieterici at 0°, A. Curve C: Harrison ane Perman at 40°, @. 
Sidgwick and Ewbank at 5°179°, 


Sidgwick and Ewbank obtained data at 5-179° (J., 1924, 
125, 2268) by an indirect method, measuring the depression of 
the freezing point of nitrobenzene after it had been brought into 
equilibrium with the given solution. Although such a method would 
not be expected to give very exact results, the figures obtained fit 
reasonably well into position in the graph (see Fig. 1; the actual 
curve is not drawn since it intersects the others at certain points). 
Sidgwick and Ewbank were apparently unaware of the existence of 
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Dieterici’s data at 0°: in considering the accuracy of theit own 
data they refer only to Tammann’s results. 

A survey of the curves in Fig. 1 indicates that in every case and at 
every concentration r increases with rise in temperature, in agree- 
ment with the theory. Harrison and Perman’s data for 80° (not 
shown) are practically superimposed upon those of Tammann for 
100°, a result which, taken in conjunction with the arrangement of 
the other curves, appears to indicate that the results of the former 
workers at 80° are high. 

(6) Quantitative discussion. The thermodynamic relation between 
the relative vapour pressure and the differential heat of dilution is 
given by Kirchhoff’s equation (Ann. Physik, 1858, 103, 200) : | 

dlogr/df? =L/RT? . .... §)) 
where L is the differential heat of dilution. 

The available data on this property for calcium chloride include 
those of Tucker at 14—17° (Phil. Trans., 1915, 215, A, 340) and of 
Harrison and Perman (loc. cit., p. 13) at 40—80°. Other thermal 
data for dilution changes are due to Pickering, who gives the 
integral heats of dilution, and Pratt (J. Franklin Inst., 1918, 185, 
663), who gives the heat developed on the addition of relatively 
large quantities of water to a given quantity of solution. The 
results of neither of these investigators appeared to be in a form 
suitable for computing the differential heats of dilution with suffi- 
cient accuracy for the present purpose. 

In general, the heat of dilution—-concentration and heat of dilution— 
temperature curves approximate to straight lines. Equation (1) 
may be integrated, following Kirchhoff, between fixed temperature 
limits on the assumption that Z is independent of temperature; if 
one assumes a value for L midway between the two temperatures 
considered, this will lead to no serious error, particularly in view of 
the linear relation between L and 7’, mentioned above. The 
integration gives : 

log r,/r. = I(T, — T;)/2°303RT,T, . . « (2) 

According to Porter (see Harrison and Perman, loc. cit., p. 18), the 
assumption that water vapour obeys the gas laws is not strictly 
justified, and Callendar’s gas equation (Proc. Roy. Soc., 1900, 67, 
191) should strictly be substituted for the ordinary gas law. 
However, in the use of equation (2) as a check on experimental data, 
such a refinement does not appear to be essential, and has been 
ignored here as in the earlier work (loc. cit.). 

In employing equation (2) for comparing the vapour-pressure 
data, values of r have been read off from Fig. 1 at round concen- 


trations from the data of Dieterici at 0°, Tammann at 100°, and 
U 
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Harrison and Perman at 80° and 40°. The required values of L have 
been obtained by interpolation from the data of Harrison and 
Perman at round concentrations, those of Tucker at 14—17° also 
being used. The actual figures employed are quoted in Table IV. 


TaBLeE IV. 


Recalculated values of r,,. from data of other workers, compared 
with the author’s observed values. 





M = 6. 5. 4, 3. 2. 
Dieterici, 0°. 
ad aataeccssenineriaesen = 0-474 0-605 0-740 0-857 
Breanah. wehehacsutsbsieres — 263 121 49 14 
log fas" /T oe veeveeeeeeee _ 00177 0-0081 00033 ~—-0-0010 
fe5° (Calc.) ........000. — 0-494 0-617 0-746 0-859 
Tammann, 100°. 
1190" seeseceeseceeseceeees 0-497 0-580 0-678 0-778 0-874 
Ba LUA is cdoesnked 715 459 252 117 50 
log f 396° /25° +++ 00s 0-1054 0-0678 0-0372 0-0173 0-0074 
ae eee 0-390 0-496 0-622 0-748 0-859 
Harrison and Perman, 80°. 
Tag? seseeeeessereeeesenes 0-493 0-581 0-690 0-796 0-888 
el: duseniisigimbaeicn 652 407 220 101 47 
1OG Fog? [eg -+-000s0000e 0-0745 0-0465 0-0351 0-0115 0-0054 
og° (Calc.) ......cs0006 0-415 0-522 0-652 0-775 0-877 
Harrison and Perman, 40°. 
a Wee 0-466 0-564 0-670 0-790 0-885 
Napdt { dédocksdcdeowsbobs 518 301 153 68 36 
LO RT 0-0182 00106  0-0054 0-0024 0-0013 
Taye (Calle.) ...ccccceeee 0-447 0-550 0-662 0-786 0-882 
125° (obs. by author) 0-397 0-491 0-619 0-751 0-861 
Summarised results for comparison. 
Relative vapour pressure at 25°, 
recalculated from data of = 
Harrison Harrison 
Molal- obs. by Dieterici Tammann and Perman and Perman 
ity. author. at 0°. at 100°. at 80°. at 40°. 
6 0-397 —_ 0-390 0-415 0-447 
5 0-491 0-494 0-496 0-522 0-550 
4 0-619 0-617 0-622 0-652 6-662 
3 0-751 0-746 0-748 0-775 0-786 
2 0-861 0-859 0-859 0-877 0-882 


The value of r at 25° has been calculated in each case by means of 
equation (2) and the appropriate value of L; these values of r are 
then compared with those obtained from the author’s experiments. 
The recalculated data of Dieterici and of Tammann are in agreement 
with the author’s, whereas those of Harrison and Perman both at 
80° and at 40° give results which are consistently high. The last 
































AQUEOUS SOLUTIONS OF THE CHLORIDES, ETC. PART I. 563 


authors have calculated values of ZL from their own vapour-pressure 
data at various temperatures by an approximate method involving 
measurements of the slope of the curve representing Porter’s modi- 
fication of equation (1), which cannot be integrated directly. They 
state from these calculations that their vapour-pressure determin- 
ations may be considered to be accurate to within 0-2 mm., but it 
seems that the accuracy of their observations is not so high as they 
claim. This view is confirmed by a consideration of the results for 
the van ’t Hoff coefficients (see Part IT). 
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2. Strontium Chloride.—No data appear to exist on the vapour 
pressure of water over aqueous solutions of strontium chloride at 25° 
apart from 4 determinations by Biltz over the very limited con- 
centration range 0-1—0-6M, which will be discussed later (see 
Part II). 

Tammann (loc. cit.) has determined the vapour pressure of water 
over aqueous solutions of strontium chloride at 100°. The values 
of r computed from these data are shown (curve B) in Fig. 2, together 
with those of the author (curve A). At low concentrations, up to 
1M, i.e., at concentrations where the heat of dilution is inappreciable, 
the two curves coincide; but at higher concentrations they diverge 
increasingly. Further, it follows from the relative position of the 
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two curves that the value of rj» is always greater than that of r,,,, 
as in the case of calcium chloride. It should therefore follow that 
strontium chloride possesses a positive heat of dilution, increasing 
with concentration. 

Results on heats of dilution for strontium chloride are scanty, but 
the differential heat of dilution has been determined at 25° by 
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Stearn and Smith for 4 solutions (J. Amer. Chem. Soc., 1920, 42, 18). 
That at 25° was positive and increased with the concentration; this 
result is evidently in qualitative accord with the vapour-pressure 
data quoted above. Nevertheless, the values for the positive heat 
of dilution were considerably smaller than for calcium chloride, at 
corresponding concentrations, and this agrees with the degree of 
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separation of the r curves compared with those for calcium 
chloride. 

In order to make a quantitative comparison of the present results 
with those of Tammann, it would be necessary to know the mean 
heats of dilution over the temperature range 25—100°, and these are 
not directly available. 

3. Barium Chloride.—Apart from three observations by Biltz 
over the concentration range 0-1—0-6M, no vapour-pressure data 
exist at 25°. However, the results of Tammann at 100° may be 
compared with those of the author. This worker gives values for 
5 solutions over the concentration range 0-5—2M, and these are 
shown by curve B (Fig. 3), curve A representing those of the author 
at 25°. The results in this case at higher concentrations are opposed 
to those for calcium and strontium chlorides. Up to 0-5M, the two 
curves are practically coincident; at higher concentrations, the 
curve for 25° lies above that for 100°, indicating that up to a con- 
centration of 1-5M the value of 7499. at any particular concentration 
is less than that of r,,... Above this concentration, curve A shows a 
point of inflexion and becomes practically superimposed on curve B. 
This result indicates that the mean differential heat of dilution over 
the temperature range 25—100° should be negative up to 1-5, and 
that above this concentration it should become less negative and 
approach zero. 

The recorded data for the differential heats of dilution are again 
due to Stearn and Smith at 25° and at concentrations between 
0:2M and 15M; data at higher temperatures are not available. 
However, their results show that, in the case of barium chloride up 
to 1-5M, the differential heat of dilution is negative, in qualitative 
accord with the result indicated by the vapour-pressure data. Here, 
too, a direct quantitative comparison cannot be instituted owing to 
lack of data for the mean differential heat of dilution at 25—100°. 


Summary. 


The vapour pressure of water over aqueous solutions of the 
chlorides of the alkaline-earth metals has been measured at 25° and 
for concentrations from 0-2M to saturation by a dew-point method. 
The existing data for these salts in aqueous solution are critically 
examined. For determinations at temperatures other than 25°, 
comparison is effected by the use of the thermodynamic relation 
between the differential heat of dilution and the temperature vari- 
ation of the relative vapour pressure. Attention is drawn to the 
fact that systematic errors exist in recent vapour-pressure data, 
introduced through the use of Regnault’s values for water instead 
of the more recent standard data of Scheel and Heuse. 
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70. The Vapour Pressure of Water over Aqueous Solu- 
tions of the Chlorides of the Alkaline-earth Metals. 
Part II. Deviations from Raoult’ s Law, as indicated 
by the Molecular Lowering of Vapour Pressure and 
van ’t Hoff Coefficients ; with Theoretical Discussion. 


By Jack RearnaLtp Irons HEPBURN. 


In the study of the vapour pressure of water over aqueous solutions 
of electrolytes, deviations from normal behaviour as expressed by 
Raoult’s law have generally been studied by means of either the 
so-called molecular lowering of vapour pressure or the van ’t Hoff 
coefficient. The former is given by the expression 


Pm =(Po— P/M. . - » + « (I) 


where p, = vapour pressure of pure water at the given temperature, 
p = vapour pressure of water over the given solution, and M = 
molality. The van ’t Hoff coefficient has been variously expressed 
as either (2) or (3), N, and N, being mols. of solvent and solute 
respectively : 
ty = (Po — P)Ni/PyN. - - - - + + (2) 
te = (Po — P(N, + Ne)/pN2- - - + (3) 


N,/N, is the mol. ratio, and N,/(N, + N,) the mol. fraction of 
the solute. Opinions differ as to which of these relations more 
truly represents the fundamental principle underlying Raoult’s law. 
Formula (2) is that employed by van ’*t Hoff, but Raoult, in his 
original paper on this subject (Z. physikal. Chem., 1888, 2, 353), 
implicitly used the mol. fraction. Formula (2) cannot be correct 
at high concentrations, since it tends to the value 0, whereas formula 
(3) approaches the limiting value 1, in agreement with experience. 
Smits, in experiments on the vapour pressure of water over aqueous 
solutions (ibid., 1902, 39, 396), employed the van ’t Hoff formula, 
but in later calculations (loc. cit., p. 421) he points out that this 
method of computing concentrations (i.e., the mol. ratio) could not 
portray the whole of the curve, for according to this the curve is 
infinite. He therefore recalculates the concentrations on the basis : 
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‘mols. of salt per 100 mols. of water + salt, which is equivalent to 
that used in calculating the mol. fraction. 

The difference between the values of 7, and 1, is not important at 
low concentrations, but at higher concentrations it becomes much 
more notable, as shown in cols. 8 and 9 of Table I. Here, M = 
molality, N,/N, = M/55-5, N,/(N, + N.) = M/(55-5 + M), dp = 
Po — p, and dp/py = 1 — p/pp = 1 —+. 


TABLE I, 


Molecular lowering of vapour pressure and values of i for aqueous 
solutions of the chlorides of the alkaline-earth metals at 25°. 


Soln. N, dp|po = 
No. M. N,/N,; N,+Nz ap. il —*r. 





Pm- 44 te 
1. Calcium chloride. 
1 0-199 0-00358 0-00357 0-26 00-0107 1:3 3-0 3-0 
2 0-284 0-00511 0-00509 0-33. 00-0137 1-2 2-7 2-7 
3 0-344 0-00619 0: 0616 0-33 00-0137 0-96 2-2 2-2 
4 0-494 0-00889 0-v0881 0-48 0-0200 0-97 2-25 2-27 
5 0635 0-01143 0-01130 0-64 0-0269 1-01 2-35 2-38 
6 0-796 0-01433 0-01413 0-88 0-0371 1-10 2-59 2-63 
7 1-000 0-01800 0-01768 1-15 0-0483 1°15 2-68 2-73 
& 1-504 0-02707 0-02635 2-15 0-0903 1-43 3°34 3°43 
9 1-985 0-03574 0-03448 3°29 00-1384 1-658 3-87 4-01 
10 2-495 0-04491 0-04298 4-50 0-1894 1-803 4-22 4-41 
ll 2-990 0-05383 0-05106 5-90 0-2482 1973 4-61 4-86 
12 4-004 0-07207 0-06723 9-03 0-3800 2-255 5-273 5-652 
13 5-826 0-1048 0-09488 14-28 0-6010 2-451 65-735 6-334 
14 7-278 0-1310 0-1158 16-76 0°7054 2-302 5-384 6-092 
2. Strontium chloride. 
1 0-200 0-00360 0-00359 0-20 0-0083 -10 23 28 
2 0-301 0-00542  0-00539 0-21 0-008 0-70 16 16 
3 0-400 0-00720 0:00715 0-41 00172 1:03 24 24 
4 0-600 0-01080  0-01069 0-62 0-0262 1:03 2-43 2-45 
5 0-995 0-01791 0-01760 1-21 00507 1-215 2-83 2-88 
6 1-495 0-02692 0-02620 2-11 0-0886 1-411 329 3-38 
7 2-246 0-04042 0:03886 3-60 0-1514 1-603 3-74 3-90 
s 2-872 0-05170 0-04917 5-10 00-2146 1-776 415 4°36 
9 3-245 0-05841 0-05518 6-06 0-2550 1-867 4:37 4-62 
10 3-403 0-06127 0-05773 6-49 00-2731 1-906 4-46 4°73 
ll 3-517 0-06330 0-05954 6-86 00-2886 1-948 4-56 4°85 
3. Barium chloride. 
1 0-199 0-00358 0-00357 0-20 00083 1-0 2-3 2-3 
2 0-289 0-00520 0-00518 0-23 0-0094 0-80 18 18 
3 0-406 0-00731 0-00725 0:24 0-0098 060 1:3 1:35 
4 0-508 0-00915  0:00906 0-48 0-0200 0-94 219 2-21 
5 0-606 0-01091 0-01079 0-56 0-0234 0-92 2-15 2-17 
6 1-007 0-01812 0-01780 0-99 0-0417 0-98 2:30 2-34 
7 1-285 0-02313 0-02261 1:34 0-0564 1-04 2-44 2-50 
8 1-568 0-02822 0-02745 1:94 0-0815 1-237 2-89 2-97 
9 1-655 0-02980  0-02893 2-08 0-0874 1-257. 2:93 3-02 
10 1-788 0-03218 0-03118 2-23 0-0939 1-247 2-92 3-01 


The molecular lowering of vapour pressure is chiefly of value in 
comparing results for different electrolytes obtained at a standard 
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temperature. Values of p,, obtained at different temperatures, ° 
however, are not comparable (e.g., p,, for 1M-calcium chloride at 
25° = 1-15, at 0° = 0-204). For a normal solute, e.g., sucrose, 
Pm Should be constant at constant temperature, and independent 
of the concentration. 

On the other hand, the van ’t Hoff coefficient is practically inde- 
pendent of temperature, and therefore is of considerable value in 
comparing results obtained at temperatures far removed from one 
another. Departures from this rule are occasioned in cases where 
the heat of dilution becomes appreciable. This point will be 
elaborated later. 

Values of Pm and i—(1) At low concentrations. Considering first 
the results in moderately dilute solution (i.e., 0-2—1M), one finds 
that for all three electrolytes the values of p,, as also of 7, and i, 
pass through a minimum with increasing concentration, and there- 
after increase. Further, the positions of the minima, although these 
are situated close to each other, are not identical for all three 
electrolytes, being at 0-34, 0-30, and 0-4M respectively. 

The accuracy with which p,, may be determined is limited by that 
of the vapour-pressure data: in the present work (Part I), this is 
of the order of 0-03 mm., and the error in the value of ,, is therefore 
12% at 0-2M and 6% at 05M. Although the determinations at 
these relatively low concentrations are necessarily less accurate 
than those at higher concentrations, they are believed to establish, 
not only the existence of the minimum in each case, but also the 
concentration at which it occurs. Nevertheless, the course of the 
curve is not accurately represented by the data given over this 
concentration range, and more accurate data would probably show 
a less pronounced curvature. 

This difficulty has probably limited earlier data. However, 
Dieterici (Ann. Physik, 1897, 62, 616), studying the vapour pressure 
of water over moderately dilute (0-05—1-0M) solutions of calcium 
chloride at 0°, concluded that the molecular lowering of vapour 
pressure at 0° passed through a minimum between 0-1M and 0-2, 
although his results were not sufficiently accurate to establish the 
point with certainty. Although his results at 0° agree with those 
of the author at 25°, in that in both cases a minimum in p,, is found, 
yet the minimum in the latter case is at a different concentration 
(0-34M). Such a result may well be in accordance with a 
temperature effect in the phenomena observed (see p. 569). 

Biltz (Z. physikal. Chem., 1902, 40, 185) has carried out a few 
observations at 25° on aqueous solutions of calcium, strontium, and 
barium chlorides, using the air-bubbling method of Walker, slightly 
modified by carrying out the experiment at constant temperature. 
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Such a method leaves much to be desired for accurate work, and 
even with elaborate experimental arrangements, such as those of 
Perman and Price (T'rans. Faraday Soc., 1912, 8, 74), is liable to 
serious error, particularly in dilute solution. Little weight is 
therefore attached to: Biltz’s determinations, particularly in view 
of his statement (loc. cit., p. 189) that certain of his results were 
irregular. His values of i,, calculated as described above from the 
experimental determinations at 25°, pass through flat minima at 
almost the same concentrations as those for the molecular lowering 
of freezing point, as found by Jones and Chambers (see Part III). 
Moreover, he did not attempt any thermodynamic correlation of 
the vapour-pressure and freezing-point data. 

Allmand (Trans. Faraday Soc., 1927, 23, 477) has drawn attention 
to the existence of minima in recent vapour-pressure data, including 
those of Frazer and his collaborators on potassium and lithium 
chlorides, and of Bousfield and Bousfield on sodium chloride. His 
suggestions in reference to activity coefficients are more fully dis- 
cussed in Part IV. It is noteworthy that Harned (ibid., p. 541) has 
expressed doubt as to the reality of these minima, since no corre- 
sponding minima have been found in the data for lowering of freezing 
point or raising of boiling point, which one would expect to find in 
such a case. 

Neither Allmand nor Harned appears to have been aware of the 
investigation of Smits (Z. physikal. Chem., 1902, 39, 385) on aqueous 
solutions of sodium chloride. He showed that not only is there a 
minimum in the p,,—M curve for this salt at 0° (at 0-5), but that a 
corresponding minimum occurs at the same concentration in the 
curve connecting molecular raising of boiling point with concen- 
tration (i.e., at temperatures near 100°). 

(2) At high concentrations. When comparing the results of different 
investigators over the higher concentration range, the temperature 
variation of « has to be taken into account. This occurs if 
(Po — P)/Po = (1 — r) varies with temperature. The latter changes 
have already been treated in Part I (preceding paper), where it is 
shown that, in cases where the heat of dilution is appreciable, the 
variation of r with temperature is given by formula (2). 

With this reservation, the results of Dieterici at 0° (loc. cit.; 
Ann. Physik, 1893, 50, 47), the author at 25°, Harrison and Perman 
at 80° (T'rans. Faraday Soc., 1927, 23, 1), and Tammann at 100° 
(Mem. Acad. Pet., 1887, 35, 7) may be compared. The calculated 
values of i, for calcium chloride are shown in Fig. 1, which demon- 
strates that the results of Harrison and Perman are erratic at the 
lower concentrations; they agree fairly well with the other data at 
higher concentrations. The temperature effect mentioned above is 
v2 
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also shown by the graph; the relatively large numerical differences 
between the values of i are seen in the table: 


Values of 7,. 


—_ 





- ™~ 

M. Dieterici, 0°. Author, 25°. Tammann, 100°. 
2 3°94 3-90 3°45 
3 4-81 4-62 4-04 
4 5:43 5-27 4-47 
6° — 5-70 4-70 


Fig. 1 shows that in each case, for calcium chloride, 7 increases 
with concentration up to a limiting value and thereafter decreases. 
The effect appears to be practically independent of temperature; the 
maximum value, however, is displaced towards higher concentrations 


Fie. 1. 
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at higher temperatures. This point is important, since it indicates 
that the effect is not altogether connected with the fact that the 
solution is approaching saturation; for instance, at 100° the position 
of the maximum is far removed from saturation. 

The author has calculated values of i, and i, in view of the fact 
that according to Smits (loc. cit., p. 422) the two magnitudes do not 
follow the same course in certain cases. However, in the present 
instance they follow closely parallel lines, the maximum value 
occurring at the same concentration in each case. The fall in the 
values of « for calcium chloride appears to be characteristic of this 
salt ; such a pronounced action is not shown by electrolytes studied 
by other authors, viz., potassium chloride, potassium nitrate, or 
sodium chloride. 

The variation of 1, with concentration over the higher concentra- 
tion range is shown graphically for all three salts in Fig. 2. It is 
of interest that the curve for strontium chloride intersects that for 
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calcium chloride, and up to 1-5M the values of i, are actually higher 
than for calcium chloride. Above this concentration, however, the 
two curves follow the normal behaviour, that for strontium chloride 
being below that for calcium and above that for barium chloride. 
Attention is directed to the large variation in the values of p,, shown 
by these electrolytes, more particularly calcium chloride, for which 
the smallest figure is 0-96 and the largest 2-26. The corresponding 
figures for sulphuric acid (Grollmann and Frazer, J. Amer. Chem. 
Soc., 1925, 47, 712), which is also a bi-univalent electrolyte, are 
0-8 and 1-2 at 25°, while for potassium chloride the variation in p,, 
at 25° is very much smaller, the maximum value from the author’s 
measurements (see Part I, p. 553) being 0-80, and the minimum 0-73. 

With strontium chloride, corresponding with the fact that the 
heat of dilution is considerably smaller than for calcium chloride, 






































Fia. 2. 
ae 
- = 
, es Tt Le 
: | ‘ae 
3 4 Law 
:| |Z 
~ 3 | 
S| | 
| | 
2| 
0 I 5} 3 4 5 6 7 8 
Molality. 


Calcium chloride ©. Strontium chloride A. Barium chloride {=}. 


the variation between the values of i, at 100° (from the data of 
Tammann, loc. cit.) and at 25° is not so large: 7, does not pass 
through a maximum value in this case; nevertheless, a distinct 
falling off occurs at higher concentrations (see Fig. 2). 

The author’s results for barium chloride at higher concentrations 
show a noteworthy decline in the value of p,, and also of i, and 4, 
at a concentration approaching saturation, a maximum value 
occurring at approximately 1-7M (Fig. 2). This effect is not 
indicated by the results of Tammann at 100°; these are, however, 
very limited in scope, only 5 observations being recorded over the 
whole concentration range. 


Theoretical Discussion. 


It is necessary to emphasise, in considering the anomalous 
behaviour of the solutions studied in the present work, that there 
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is no comprehensive theory of solution applicable to aqueous solu- 
tions of moderate concentration. Any attempt to explain these 
anomalies must therefore be incomplete (compare Brénsted, T'rans. 
Faraday Soc., 1927, 23, 430). The interionic attraction theory of 
Debye and Hiickel (Physikal. Z., 1923, 21, 185) applies rigidly only 
up to a concentration of 0-01M ; beyond this, arbitrary assumptions 
are necessary, and the formulation of the original theory is replaced 
by empirical expressions, such as those of Hiickel (ibid., 1926, 26, 93) 
or Harned (J. Amer. Chem. Soc., 1920, 42, 1808). Nevertheless, it is 
probable that there are certain contributory factors, the combined 
effect of which leads to the observed results, although it is unknown 
to what extent each factor participates in the combined effect. 

In recent years the idea has been gaining ground that greater 
attention should be directed towards the réle of the solvent in the 
study of aqueous solutions. In the original electrolytic dissociation 
theory, as also in the more recent interionic attraction theory, the 
solvent has been disregarded as an inert medium, except in so far 
as its dielectric properties are concerned. Such an assumption 
does not seem justifiable, and from time to time the idea of the 
molecular complexity of water has been emphasised, notably by 
Armstrong (e.g., Proc. Roy. Soc., 1923, A, 103, 610), Sutherland 
(Phil. Mag., 1900, 50, 481), Blanchard (J. Amer. Chem. Soc., 1904, 
26, 1318), and Bancroft (J. Physical Chem., 1926, 30, 1194). 
Although views differ in detail, the consensus of opinion is that 
liquid water is aggregated, and contains double and triple molecules 
in addition to the normal single molecules. Sutherland (loc. cit.) 
assumes that only double and triple molecules are present in liquid 
water, Applebey (J., 1910, 97, 2000) that only triple and single 
molecules are present. Blanchard (loc. cit.) and also Lewis and 
Randall (‘‘ Thermodynamics,” 1923, p. 86) assign no particular 
state of aggregation. Sidgwick (“ Electronic Theory of Valency,” 
1927), arguing by analogy from the structure of ice, suggests three 
as the maximum aggregation number. 

When an electrolyte (e.g., calcium chloride) is dissolved in water, 
at least two effects may be produced : (i) the state of equilibrium 
between the molecular species of water will be disturbed by this 
addition in such a direction as to increase the number of single at 
the expense of the associated molecules; (ii) owing to the dipole 
nature of the water, each ion tends to co-ordinate water molecules, 
i.e., a hydration effect will also occur. A third effect due to ionic 
association may also be envisaged at higher concentrations of 
electrolyte. 

One may assume that in liquid water, as in any given solution, 
the vapour pressure equilibrium is set up by dynamic exchange of 
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single water molecules leaving and returning to the liquid surface 
(compare Dieterici, Ann. Physik, 1893, 50, 80), since water vapour 
is known not to be associated to any large extent: according to 
Callendar it contains a small proportion of double molecules at 
temperatures below 100°. However, the proportion of such molecules 
at the temperatures now considered (viz., 0—25°) is probably so 
small as to be neglected in the argument given. Such a conclusion 
is supported by the recent investigation of the density of water 
vapour by Berkeley and Stenhouse (Phil. Trans., 1930, A, 229, 
255). In any case, it is exceedingly difficult to appreciate how 
such a vapour pressure exchange could occur if liquid water con- 
sisted solely of double and triple molecules, as assumed by Sutherland, 
and also by van Laar (see below). 

On addition of a solute to the water, the dissociating effect will 
increase the proportion of monomeric water molecules present at 
equilibrium in the liquid phase, so that the lowering of vapour 
pressure produced by the addition of the solute will be less than it 
would otherwise be; on the other hand, the hydration effect will 
tend to lower the vapour pressure by decreasing the number of 
free monomeric molecules. 

The dissociating effect would not become appreciable at low 
concenvrations (of the order 0-01—0-1M) and therefore at such 
concentrations one has to take into account the normal increase 
in the activity of the solute as provided for by the Debye—Hiickel 
theory; this increase will tend to a high value for the molecular 
lowering of vapour pressure. At higher concentrations of solute 
(of the order 0-1—0-5M), where, however, the number of water 
molecules co-ordinated with the ions of the solute is still small, the 
dissociating effect on the water should predominate. It is shown in 
Part. IV that, although the activity coefficient for the solute at such 
concentrations is approaching a minimum value, the actual mini- 
mum is not attained until a higher concentration is reached, which 
suggests that the observed minimum in p,, cannot be solely due to 
changes in the solute. 

As a result of the above-mentioned effect, the value of p,, should 
progressively decrease with increasing concentration up to a point 
such that the hydration effect, which is itself steadily increasing, 
becomes larger than the dissociating effect of the solute upon the 
solvent. The position of this point will depend upon the dissociating 
effect of the solute upon the solvent and its tendency to hydration ; 
it is, of course, quite possible that these two properties of the 
solute may be themselves inter-related. Such an argument provides 
an explanation of the observed minima in the molecular lowering 
of vapour pressure for the chlorides of the alkaline-earth metals. 
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At high concentrations, where the solution approaches saturation, 
the number of water molecules available for co-ordination to produce 
the hydration effect will be very largely diminished, so that the 
maximum in the molecular lowering of vapour pressure found with 
calcium and barium chlorides, and the decrease with strontium 
chloride, may conceivably be attributed to this cause. Ionic 
association may also be a factor in such solutions. 

The characteristic differences in the behaviour of the individual 
salts at high concentrations are probably attributable mainly to the 
kation, the anion being the same in each case; in addition, following 
Sidgwick (op. cit.), it is to be expected that the kation will co-ordinate 
water molecules much more readily than the anion. 

The fact that with fall in temperature the minima observed 
appear to occur at lower concentrations is not opposed to the idea 
of the molecular complexity of water, since at lower temperatures 
one would expect the number of associated water molecules to be 
greater, and therefore the dissociating effect of the added solute 
correspondingly larger at any given concentration. 

Since the foregoing ideas were adumbrated, van Laar (Prac. K. 
Akad. Wetensch. Amsterdam, 1930, 33, 1140) has published a 
theoretical derivation of the lowering of the vapour pressure of 
water by dissolved uni-univalent electrolytes, assuming that liquid 
water is associated and consists only of dimeric molecules at ordinary 
temperatures. The formula connecting x, the mol. fraction of the 
solute, with the lowering of vapour pressure, is derived directly from 
the thermodynamic potential of the solvent and solute, the Debye- 
Hiickel theory as applied to concentrated solutions being taken into 
account, but hydration effects being ignored. The final expression 
takes the form 


(Po — P)/pot =i — pat+pxtorVx. . . (4) 


where, for strong binary electrolytes, i = 2, even at high concen- 
trations; ¢ is the Debye—Hiickel coefficient for a, and the remaining 
constants refer to the physical inter-influence of the two components 
of the solution. It immediately follows from this formula (7id., 
p- 1146) that the molecular lowering of vapour pressure should pass 
through a minimum and a maximum respectively at relatively low 
and high concentrations. The theoretical conclusions from the 
formula given are thus in general agreement with those reached in 
the present work from the experimental data. 

Although the data employed by van Laar in verifying the con- 
clusions were for binary electrolytes only, the deductions should 
apply equally to bi-univalent electrolytes, the necessary modific- 
ations being made in the first two terms of the formula quoted. 
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This therefore provides further confirmation of the views expressed 
by the author, although the assumptions made by van Laar cannot 
be regarded as covering all the facts. 


Summary. 


Departures from the laws of the ideal solution are studied for the 
chlorides of the alkaline-earth metals. It is shown that the molecular 
lowering of vapour pressure and also the van ’t Hoff coefficient for 
each of the three salts pass through minimum values at moderate 
concentrations, and in the case of the chlorides of calcium and 
barium, pass also through maximum values at concentrations 
approaching saturation. 

These results are compared with those of earlier workers, including 
data on other electrolytes. 

It is shown that there is evidence for the existence of a displace- 
ment of the observed minima in the direction of lower concentration 
with fall in temperature. 

In the theoretical interpretation of the phenomena it is suggested 
that a depolymerising or dissociating effect of the electrolyte upon 
the solvent—regarded as an equilibrium mixture of single, double, 
and triple molecules—is the primary cause of the observed minima. 


NORTHERN POLYTECHNIC, 
Lonpon, N. 7. [Received, November 30th, 1931.] 





71. The Vapour Pressure of Water over Aqueous 
Solutions of the Chlorides of the Alkaline-earth 
Metals. Part III. Correlation with Other Physical 
Properties of the Solutions. 


By Jack Receratp Irons HEPBURN. 


Tis paper presents a critical study of experimental data on certain 
properties of solutions of the chlorides of the alkaline-earth metals 
in relation to the vapour pressure, with the special object of correl- 
ating the available data at concentrations between 0-1 and 1M. 
If the minima observed in the molecular lowering of vapour pressure 
for the given salts over this concentration range are real, and also 
if the theoretical interpretation of the results is correct (Part II, 
preceding paper, p. 572), corresponding abnormalities may be 
expected to occur in these properties, viz., freezing-point lowering, 
viscosity, differential heat of dilution, and specific gravity. 

1. Lowering of Freezing Point.—The freezing points of aqueous 
solutions of the chlorides in question have been studied by Arrhenius 
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(Z. physikal. Chem., 1888, 2, 496), Loomis (Ann. Physik, 1896, 57, 
503; 1897, 60, 527), and Jones and Chambers (Amer. Chem. J., 
1900, 23, 89). The results of Arrhenius were not sufficiently closely 
spaced to give precise information, but indicated that the molecular 
lowering of freezing point passed through a minimum at a concen- 
tration between 0-1 and 0-2M for solutions of calcium chloride, for 
which Loomis also found a minimum between 0-1 and 0:7M. The 
work of Jones and Chambers indicated that the molecular lowering 
of freezing point passed through a minimum in all three cases—for 
calcium, strontium, and barium chlorides at concentrations of 
ca. 0-1, 0-1, and 0-2M respectively. 

No modern data appear to exist for the freezing point of solutions 
of these chlorides over the concentration range 0-1—1M ; improve- 
ments in the experimental method date from 1902 (Hausrath, Ann. 
Physik, 9, 522), and results obtained before that date cannot be 
regarded as strictly reliable. During the last few years much 
attention has been directed towards the freezing-point method in 
aqueous solution, and precise determinations have been made, more 
particularly by Lewis and Linhart (J. Amer. Chem. Soc., 1919, 41, 
1952) and by Lange and his collaborators (Z. physikal. Chem., 1930, 
149, 389). Such measurements have been carried out to a pre- 
viously unparalleled degree of accuracy, but it is surprising that in 
no case is the highest concentration studied greater than 0-2M. 
This fact makes a quantitative comparison of the available freezing- 
point data with the vapour-pressure data of less value than it would 
otherwise be. 

The exact thermodynamic relation between these two functions 
fora given solution was derived independently by Ewan (Z. physikal. 
Chem., 1894, 14, 409) and by Dieterici (Ann. Physik, 1894, 52, 263). 
This relation was used by Dieterici (ibid., 1897, 62, 616) in connexion 
with his vapour-pressure results at 0° for solutions of calcium 
chloride, etc.; and later, Lovelace, Frazer, and Sease (J. Amer. 
Chem. Soc., 1921, 43, 102) employed the less accurate formula 
(ignoring heats of dilution) with solutions of potassium chloride 
from their vapour-pressure observations at 20°. Dieterici’s 
expression was 

Po t [Se +I, AC,T,t . AC,Tf? 
p  2-303RT, ay, 3T | . 








log T 272 (1) 


and that of Lovelace, Frazer, and Sease (quoted from Washburn, 
“ Principles of Physical Chemistry,”’ 1915, p. 169) 
Po __ AC, T (Sq — AC;t) So 
log) = RK 87. —a-303RT +2303RT, © @) 
where 7’, = absolute f. p. of water, 7’ = absolute f. p. of given solu- 
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tion, t = (Ty — T), Sy = latent heat of fusion of solvent at 0°, 
L, = differential heat of dilution of solvent, ACp = temperature 
coefficient of latent heat of fusion. 

It is readily shown, however, that formula (1) may be obtained 
from (2) by expanding log 7'/T', in a power series, retaining the first 
three terms, and then making the necessary adjustment for the heat 
of dilution by applying Kirchhoff’s equation. 

The method employed by Lewis and Randall (“ Thermo- 
dynamics,” 1923, p. 282) in the deduction of the activity of a solid 
in the neighbourhood of its melting point appears to be based upon 
the same principles as those of Dieterici, although no mention of 
his work is made by these authors. 

It is evident that either of the above relations could be used to 
derive the vapour pressure, the freezing-point lowering at a given 
concentration in a given solution being known. By the application 
of formula (2), the author has calculated, from the data of Jones 
and Chambers, in the case of the three chlorides, values of log p/p) 
at 0°, and therefrom p,,, the molecular lowering of vapour pressure. 
Table I gives the recalculated figures for calcium chloride. Col. 4 
contains the values of log p/pp, col. 5 those obtained experimentally 
by Dieterici, and col. 6 those of the author. Although there is 
general agreement in the magnitude of the values of log p/p, at 
concentrations up to 0-3M, yet at higher concentrations the heat of 
dilution effect becomes somewhat pronounced, the three sets of 
figures ranging themselves in numerical value according to the 
temperature of the observations. 

Unfortunately, accurate values of the hénte of dilution are not 
available at 0° or below, so the magnitude of the temperature 
correction cannot be readily determined; the figures for strontium 
and barium chlorides are therefore not quoted. The corresponding 
calculations using formula (1) (but ignoring the heat of dilution for 
the reason given) have also been carried out; the results are prac- 
tically identical with those obtained by using formula (2). In 
each case it follows clearly, however (see Table I, col. 7), that if a 
minimum exists in the molecular lowering of freezing point, a corre- 
sponding minimum will be exhibited at the same concentration by 
the molecular lowering of vapour pressure. 

These results, therefore, indicate that the freezing-point and the 
vapour-pressure measurements agree in showing the existence of 
corresponding abnormalities in the solutions, and also in the relative 
disposition of the minima in the case of the three salts, but the 
concentrations at which these abnormalities occur are not identical. 
However, it seems probable that at lower temperatures the minimum 
in the molecular lowering of vapour pressure might be displaced in 
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TABLE I. 


Values of log p/p, for aqueous solutions of calcium chloride recal- 
culated from the freezing-point data and compared with the 
vapour-pressure data. 





log p/Po- 
4 eo 
Soln. Observed. Pms 
No. M. t Recale., 0°. Dieterici, 0°. Author, 25°. recale. 
1 0-102 0-508° —0-00213° —- — 1-137 
2 0-153 0-752 —0-00316 --- ~- 1-124 
3 0-204 1-012 —0-00423 —0-0039 —0-0045 1-127 
4 0-255 1-267 —0-00530 —- —0-0056 1-129 
5 0-306 1-537 —0-00648 —0-0057 —0-0060 1-150 
6 0-408 2-104 —0-00889 —0-0079 —0-0072 1-179 
7 0-510 2-681 —0-01134 —0-0101 —0-0092 1-200 
8 0-612 3-348 —0-01414 —0-0123 —0-0114 1-244 


the direction of lower concentration. Such an idea is confirmed 
by the fact that Dieterici’s vapour-pressure results for calcium 
chloride (loc. cit.) indicate a minimum value for p,, between 0-1 and 
0-2M, compared with the minimum found by the author at 0-34M 
(Part II). The correlation of viscosity and vapour-pressure data, 
discussed in the following section, also indicates that the minima 
found in the “ molecular viscosity increment ”’ are displaced in the 
direction of lower concentrations with fall in temperature. 

The minimum in the molecular lowering of freezing point may also 
be explained along the lines suggested in Part II (p. 572), i.e., by 
assuming that it is produced through dissociation of complex water 
molecules, if it is considered that the solution—ice equilibrium tem- 
perature at each concentration may be regarded as a temperature 
such that the pressure of water vapour over the ice is equal to that 
over the solution. Such a conception transforms the problem into 
one of vapour pressure only, and consequently is capable of the 
same treatment as employed in Part II. 

2. Viscosity—A study of previous work on the viscosity of aqueous 
solutions of the chlorides of the alkaline-earth metals reveals the 
fact that measurements made prior to 1904 cannot be accepted over 
the concentration range which is particularly important in the 
present connexion (viz., 0-1—1M), since earlier workers did not 
apply corrections of fundamental importance to their experimental 
data (compare Griineisen, Wiss. Abh. Phys. Tech. Reichsanstalt, 
1904, 4, 237). Since 1904, however, sufficient accurate measure- 
ments have been made to establish with some degree of certainty 
the change in viscosity with concentration over the crucial 
concentration range. 

Griineisen determined the viscosity of aqueous solutions of calcium 
chloride at 18°. Following this author, one may express the results 
obtained in terms of the “ molecular viscosity increment,’ which 
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may be regarded as a measure of the departure of any given solution 
from normal behaviour. This magnitude may be given in the form 


At Ok) se 


where 7 is the relative viscosity (water = 1) determined experi- 
mentally, and M the molality. 

The molecular viscosity increment is evidently in the nature of a 
deviation coefficient, and as such is comparable with the molecular 
lowering of vapour pressure. In cases where strict proportionality 
between increase of viscosity and concentration is observed, the 
molecular viscosity increment will be a constant. 

Griineisen’s experimental figures for calcium chloride at 18° are 
quoted in Table II, together with one result of Sprung (Ann. Physik, 
1876, 159, 19; but see p. 578) at a higher concentration in order to 
indicate the further course of the curve: the molecular viscosity 
increment passes through a minimum at a concentration between 
0-25 and 0-5M, and thereafter increases rapidly with increasing 
concentration (the concentrations have been recalculated as 
molalities from the original figures, which were given as g.-equivs. 
per litre). This result corresponds closely with the author’s figures 
for calcium chloride, where the curve connecting the molecular 
lowering of vapour pressure and molality passes through a minimum 
at 0-34M. 

The only reliable determinations for strontium chloride since 
1904 are those of Schneider (Diss., Rostock, 1910); his results are 
also quoted in Table II, the values of M and (y — 1)/M having been 
recalculated from his data. In this case also the molecular viscosity 
increment passes through a minimum value, at a concentration of 
ca. 0-3.M, at which concentration the author’s vapour-pressure data 
indicate a minimum in the molecular lowering of vapour pressure. 


TaB_e II. 
Values of the relative viscosity and ‘‘ molecular viscosity increment ”’ 
for aqueous solutions of the chlorides of the alkaline-earth 
metals. 


CaCl,, data of Griineisen for 18°; SrCl,, data of Schneider for 18°; 
BaCl,(1), data of Schneider for 18°; BaCl,(2), data of Jones and Dole for 25°, 








7 (observed). (n — 1)/M (calculated). 
ni Balk rh BaCl,. 
CaCl,. SrCl,. (1). (2). CaCl,. SrCl,. (1). (2). 


M. 

1:00 1-320 1:3081 1-2666 1-2804 0-320 0-308 0-267 0-283 
0-50 11-1501 1-1400 1-1207  1-1289 0-3002 0-280 0-241 0-259 
0-25 1-0751 1-0663 1-0611 1-0643 0-3004 0-265 0-244 0-258 
— 1-0289 1-0282 1-0270 —- 0-289 0-282 0-270 
10167 10157 1-0132 1-0147 0-334 0-314 0-264 0-295 
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A corresponding parallelism is shown by the results of Schneider 
(loc. cit.) at 18°, and also by the recent figures of Jones and Dole, 
(J. Amer. Chem. Soc., 1929, 51, 2950) at 25°, for barium chloride. 
The results are shown in Table II. (The values quoted for 0-5M 
and 1-0M are obtained by slight adjustment by interpolation, since 
the actual concentrations used by Jones and Dole were 0-497M 
and 0-9913M respectively.) 

The figures of Schneider at 18° indicate a minimum at a concen- 
tration of approximately 0-5M, while Jones and Dole state (loc. cit., 
p. 2958) that the molecular viscosity increment passes through a 
minimum at 0-4M, which corresponds exactly with the author’s 
result for the molecular lowering of vapour pressure. In their 
discussion of the results, Jones and Dole do not stress the implic- 
ations of this minimum value, but transform their results into 
terms of fluidity (i.e., reciprocal of viscosity), which is more simply 
treated analytically (e.g., the molecular fluidity decrement does 
not pass through a minimum value). However, such a mode of 
treatment certainly does not dispose of the existence of the minimum 
value of the molecular viscosity increment, particularly in view 
of the author’s result on the closely related property of vapour 
pressure. 

The minima in the molecular viscosity increment are also capable 
of explanation on the basis of the molecular aggregation of water. 
Applebey (J., 1910, 97, 2000) suggested that addition of a salt to 
water may diminish the viscosity through producing a depolymeris- 
ation of trimeric to monomeric water molecules. If this is so, the 
effect would not be expected to be so notable as that on the vapour 
pressure, since the total viscosity is not due solely to the monomeric 
water molecules, as in the case of the vapour pressure, but to all 
the entities present in the liquid phase. An increase in the number 
of simple water molecules, thus produced, would presumably not 
exert such an important influence upon this property of the solution. 
Such an idea is in agreement with the experimental results. 

There is evidence that a temperature effect exists in the molecular 
viscosity increment minimum, corresponding with that suggested 
in connexion with the molecular lowering of vapour pressure. For 
instance, Merton (ibid., p. 2454) found with solutions of cesium 
nitrate that the minimum occurred at 0° at a concentration of 
0-1M, whereas at 25° it occurred at 0-3M. 

3. Heats of Dilution at Relatively Low Concentrations.—Richards 
and Dole (J. Amer. Chem. Soc., 1929, 54, 794) determined the 
ntegral heats of dilution for calcium and barium chlorides at dilu- 
tions ranging from 50 to 12,800 mols. of water per mol. of salt, corre- 
sponding with molalities of 1—0-004M approximately, and Lange 
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and Streeck (Z. physikal. Chem., 1931, 152, 1) obtained similar 
values for the chlorides of calcium, strontium, and barium over the 
concentration range 0-1—0-0001M. 

Both the above investigations show positive values for the integral 
heat of dilution for barium chloride over the concentration range 
studied up to 0-5M. Comparing these results with those of Stearn 
and Smith at higher concentrations (J. Amer. Chem. Soc., 1920, 42, 
18), one finds that according to these authors the differential heat 
of dilution is negative and diminishes in magnitude with fall in 
concentration. Positive values for the differential heat of dilution, 
however, are found by Lange and Streeck at concentrations up to 
0-1M. <A change of sign therefore appears to occur in the heat of 
dilution for barium chloride at a concentration between 0-8M (the 
lowest concentration studied by Stearn and Smith) and 0-1M (the 
highest studied by Lange and Streeck). This matter is not dis- 
cussed more fully in the present work, since the theoretical implic- 
ations are somewhat obscure (see, e.g., Bjerrum, Trans. Faraday 
Soc., 1927, 23, 446; Richards and Dole, loc. cit., p. 802), but there 
is evidence that the differential heat of dilution shows a parallelism 
with the other properties of the solution previously discussed. 

The fact that for calcium and strontium chlorides the integral 
heat of dilution is positive throughout renders it impossible to dis- 
cuss even qualitatively any change in this magnitude corresponding 
with that for barium chloride. 

4. Specific Gravity —Of the available data at room temperature 
on aqueous solutions of calcium chloride, those of Pickering (Ber., 
1894, 27, 67, 1379), Jones (Pub. Carnegie Inst., Washington, 1907), 
Heydweiller (Ann. Physik, 1909, 30, 873), and Wade (J., 1899, '75, 
254) do not attain the requisite accuracy, whereas those of Mac- 
gregor (Chem. News, 1887, 55, 3), and of Cameron and Robinson 
(J. Physical Chem., 1910, 14, 1569), while attaining a high degree of 
accuracy, are concerned with solutions which are too dilute for the 
present purpose. ‘ 

The accurate determinations of Buchanan (Trans. Roy. Soc. 
Edin., 1914, 49, 1) cover a wide concentration range, and the paper 
includes an analytical study of the data obtained ; there is, however, 
no evidence as to the existence of any abnormality over the con- 
centration range 0-1—1M. As a result of precision measurements 
on the alkali chlorides and a study of all the available data, Baxter 
(J. Amer. Chem. Soc., 1911, 33, 901; 1916, 38, 70) concluded that 
the phenomena involved are highly complex, that no adequate 
explanation of the cause of the volume changes has yet been pro- 
posed, and that the part which the polymerisation of water plays in 
the change is uncertain, since it is associated with other effects acting 
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in a contrary direction. It is therefore to be expected that no 
conclusive information could be furnished by measurements of 
specific gravity in the case of the chlorides of the alkaline-earth 
metals, and such a view is confirmed by the results of Buchanan. 


Summary. 

A study of data on freezing-point lowering, viscosity, and difier- 
ential heat of dilution shows that the anomalous behaviour of the 
salts studied in regard to the vapour-pressure lowering in aqueous 
solution is also exhibited by these related properties of the solutions. 
For the first property, a quantitative thermodynamic correlation is 
made within the limitations of the available data. No evidence is 
forthcoming of any corresponding abnormalities in the specific 
gravity. 


NORTHERN POLYTECHNIC, 
Lonpon, N. 7. [Received, December 21st, 1931.] 





72. Bromine Hydrate. 
By Ivan WATER HENRY HARRIs. 


Léwie (Pogg. Ann., 1829, 16, 376) first showed that bromine hydrate 
separated from aqueous solutions of bromine below a temperature 
of 4°, and gave one analysis of it, leaving its composition doubtful. 
Attempts to determine this were made by Alexejeff (Ber., 1876, 9, 
1025) and Roozeboom (Rec. trav. chim., 1884, 3, 84). The former 
concluded that the substance was the decahydrate, but adduced-no 
analytical data, admitting that the lack of a definite result was due 
to the loss of bromine from the material even at — 5°. Roozeboom’s 
analyses, made on crystals dried between filter-paper at 4—5°, 
range from 45-0 to 46-8% of bromine, corresponding to 10-1—10-9 
molecules of water (Calc. for Br,,10H,O : Br, 47-0%). 

Giran (Compt. rend., 1914, 159, 246) examined the melting points 
in the system bromine-water, and from those data, together with 
some analyses of crystals separated from mother-liquor in a centri- 
fuge, decided in favour of an octahydrate. 

The uncertainty of the composition of the hydrate is due to the 
difficulty of obtaining dry material without considerable loss of 
bromine by volatilisation. In the present experiments, a third 
component, potassium bromide, was added. It was found that 
bromine hydrate could then exist in stable equilibrium with solutions 
of bromine and potassium bromide up to concentrations of about 
15% of the latter, and its composition could be accurately deter- 
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mined by Schreinemakers’s construction method from analyses of 
solution and wet crystals. 


EXPERIMENTAL. 


The system potassium bromide—bromine—water was studied at 
0°, since the hydrate is not stable above 6-8°. Mixtures of suitable 
composition were stirred in a closed system. The stirrer was 
operated by means of a solenoid, controlled by an electrically main- 
tained pendulum, and the vessel containing the mixture was 
immersed in ice in a Dewar vessel. For comparison, some mixtures 
were kept in stoppered bottles in an ice-box, and shaken at intervals. 
The attainment of equilibrium was followed by titration of the 
iodine liberated from aqueous potassium iodide by weighed portions 
of solution. It was found that, in the stoppered bottles, about 
15 days were required before constancy was established, but in the 
stirred material only some 5 days were needed. It was necessary 
to cool the mixtures to about — 15° when first prepared, in order 
to initiate the separation of the hydrate, as otherwise they remained 
supercooled for indefinite periods at 0°. 

Sampling of the liquids was carried out by means of a pipette 
with a fine jet which was pre-cooled in a tube immersed in ice. 
Consistent results showed that a filtering device was unnecessary, 
owing to the readiness with which the hydrate settled. Samples 
of wet crystals were taken out on a small glass fork similarly pre- 
cooled. 

Analysis.—Analyses were carried out by a. modification of the 
method devised by Grace (J., 1931, 594) for analysis of polyiodides. 
Owing to the volatility of bromine at room temperature, it was 
impracticable to weigh samples of material, for, even when leakage 
was avoided, the displacement of air by bromine. vapour when the 
material was first put into the apparatus introduced errors of 
several milligrams. Since, however, all the components of the 
mixture were determined, it was not necessary to know the weight 
of the sample independently. In the case of the liquids, a check 
was obtained by weighing a sample into potassium iodide solution 
in a weighing bottle (there being no liberation of bromine vapour 
in this case) and titrating the liberated iodine with N/10-thio- 
sulphate. 

The apparatus used is illustrated in Fig. 1 : A is a bent tube with a 
ground-glass stopper at one end and fitted at the other by a ground 
joint to the tube B, which was packed with fine strips of silver foil 
and heated to about 340° by an electric furnace ZH. At the other 
end B was connected by short pieces of pressure tubing to two 
tubes, F and G, containing phosphoric oxide. In carrying out an 
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analysis, the lower part of A was surrounded with ice and water. 
Samples of liquid or wet solid were quickly placed in A, the stopper 
at H was immediately replaced, and a stream of air, dried by passage 
through concentrated sulphuric acid and a series of phosphoric 
oxide tubes, was passed via the side tube at H through the apparatus. 
A was heated, gently at first, to drive off the volatile constituents, 
leaving the potassium bromide, which was weighed as such. The 


Fie. 1. 
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Guaro 
TuBe 
bromine was weighed as silver bromide in B, and the water in F. 
The method gave quantitative results on known mixtures. The 
potassium bromide showed no tendency to retain traces of bromine. 
The tendency for moisture to diffuse back against the air stream was 
overcome by inserting a pear-shaped glass bulb into A. This 
rested on three small glass prongs projecting from the side of the 
tube and caused the air to pass through a narrow annular space. 


Fia. 2. 








H,O Br,,10H,O Br, 


This also decreased the time taken to carry out an analysis. An 
accidental increase in the temperature of the furnace surrounding 
the tube containing the silver foil showed the necessity for keeping 
the temperature below 420° owing to the volatility of silver bromide 
at that temperature. There is a possibility of hydrogen bromide 
being formed, which, on passing over hot silver, would evolve 
hydrogen, thus leading to low values for the water content. A 
small quantity of platinised asbestos was therefore placed in B to 
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ensure that any such hydrogen would be re-oxidised to water. Tests 
were also made to show that no hydrogen bromide was passing 
unchanged through the apparatus. 

The results obtained are given in the table and shown graphically 
in Fig. 2, from which the hydrate is clearly indicated as Br,,10H,O. 


The system KBr-Br,—H,0 at 0° for low concentrations of KBr. 








Composition of liquid Composition of moist 
phase. solid phase. 

KBr, Br,, H,0, KBr, Br,, H,0, 

No. %. %. %. %. %. %. 
*] 0-00 2-31 97-69 0-00 31-20 68-80 

2 12-25 18-00 69-75 No solid present 

3 5-39 9-73 84-88 1- 33-75 64°35 
*4 6-85 12:15 381-00 4-04 26-30 69-66 
5 7°25 13-22 79-53 3°85 29-14 67-01 
*6 8-20 1454 77-26 2-62 36-60 60-78 
7 12-23 24-77 63-00 5-88 36-40 57-72 
*8 12-39 24-97 62-64 7-00 34-55 58-45 
9 13-07 26-71 ‘60-22 9-33 32-55 58-12 
*10 14:70 32-76 52-54 7:87 39°36 = 52-77 

a 9 | 15-09 35°36 49-55 2 liquid layers — — — 
12 16-14 41-95 41-91 0-20 98-00 1-80 


13 14-78 3410 51/12) Invariant A; 
14 14°80 34:15 51-05/ 3 phases present 


* Stirred material. 


The invariant A corresponds with the separation of liquid bromine. 
The decahydrate is thus the only hydrate appearing in the system 
at 0°. The rapid increase in the bromine concentration in the 
solution with addition of potassium bromide may be due to the 
formation of polybromide ions (see Boericke, Z. Elektrochem., 1905, 
11, 57). 

Summary. 

1. The system potassium bromide—bromine—water has been 
studied at 0°, where bromine hydrate forms the solid phase. 

2. It is shown that only one hydrate exists at this temperature, 
and its composition is Br,,10H,0. 


The author expresses his thanks to Professor H. B. Baker, C.B.E., 
F.R.S., for his interest throughout this work, and to Mr. G. H. 
Cheesman, B.Sc., for many useful suggestions; also to the Depart- 
ment of Scientific and Industrial Research for a grant. 


Royat COLLEGE OF SCIENCE, 


Lonpon, 8.W. 7. [Received, December 21st, 1931.] 
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73. Potassium Dibromoiodide Hydrate. 
By GEOFFREY HERBERT CHEESMAN and JoHN HENRY MarRTIN. 


As has been pointed out by Cremer and Duncan (J., 1931, 2246), the 
dissociation pressures given by Ephraim (Ber., 1917, 50, 1069) for 
potassium dibromoiodide are very considerably higher than those 
measured for the compound prepared in the dry way from potassium 
iodide and bromine. On the basis of Grace’s comment (J., 1931, 
594) that Ephraim’s high dissociation pressures of potassium tri- 
iodide were due to hydration, Cremer and Duncan suggested that 
potassium dibromoiodide also might be hydrated, and quoted an 
analysis in support of the suggestion. 

The only other published analyses are those of Wells, Wheeler, 
and Penfield (Z. anorg. Chem., 1893, 1, 442), who crystallised their 
material from water and determined potassium as bromide by 
heating, and halogens as silver salts, with subsequent conversion 
into chloride in a stream of chlorine. Their analyses show a con- 
siderable amount of free potassium bromide and bromine, and a 
deficiency in the total amounting to 6-2% which may be attributed 
to water (1 mol. corresponds to 5-24%). 

This has now been confirmed by a complete analysis of the material, 
showing that potassium  dibromoiodide crystallises from aqueous 
solution with one molecule of water; and it has also been shown that 
the dissociation pressure of this hydrate lies near to the value given 
by Ephraim. 

The analytical method due to Grace (loc. cit.), whereby the halogen 
evolved from the sample heated in a stream of dry air is taken up 
in hot silver, has been extended by the addition of a tube containing 
silver iodide, in front of that containing the silver. Both of these 
tubes are surrounded by small tube furnaces maintaining a temper- 
ature of 360°, and are connected by a ground joint. The powdered 
silver iodide is lightly filled into the tube between several plugs of 
loose woolly asbestos. The bromine from the sample reacts quite 
readily and completely with the iodide, and from the loss of mass in 
this tube the proportion of bromine is readily calculated. The gain 
in the silver tube represents the iodine in the sample plus the iodine 
displaced in the iodide tube, which is also calculable. Water is taken 
up in phosphoric oxide as in Grace’s analysis. Care must be taken 
that the temperature of 360° is not greatly exceeded, as losses are 
occasioned by the volatility of the silver halides. 

This method was tested first by decomposing weighed amounts of 
potassium bromide with sulphuric acid and manganese dioxide, and 
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then with potassium dibromoiodide prepared by dry methods, and 
was found to give satisfactory results (Table I). 


TaB_eE [, 
KBr, Br, I, H,0, 
No. %. %. % %. Total 
1 37°3 23-8 37: 7 1-1 99-9 
2 37°8 23-5 37-7 1-0 100-0 Material taken from 
3 37-7 23-4 37°5 1-2 99-8 stock bottle, no dry- 
4 37°9 23-4 37-7 1-2 100-2 ing precautions. 
5 38-1 23-5 37-6 1-1 100-3 


Cale. for KIBr,: KBr, 36-5; Br, 24-5; I, 39-0%. 


The above analyses show how readily the compound tends to pick 
up water, particularly when it is remembered that 1H,O corre- 
sponds to only 5%. 

A saturated solution of the anhydrous dibromoiodide in water was 
prepared and crystallised by slow evaporation over syrupy phos- 
phoric acid (phosphoric oxide acts too rapidly and good crystals 
cannot be obtained). By seeding the solution, fine clear crystals 
up to 7 mm. in length and similar to those sketched by Penfield 
(loc. cit.) were obtained. It was found to be important to keep the 
enclosure in which the crystallisation was made as small as possible 
to avoid loss of halogens. In these experiments, in which about 
15 g. of dibromoiodide were used, a four-ounce, wide-mouthed, 
stoppered bottle was employed, the phosphoric acid and material 
being placed in weighing bottles stood inside. 

The crystals were drained and left for 3 weeks in a small tube 
inside a weighing bottle containing the anhydrous compound to 
remove surplus water, and the analyses shown in Table II were 
obtained. An analysis of a sample (kindly supplied by Mr. Duncan) 
which had been dried for several months over the anhydrous com- 


pound is also given. 


TaBLeE II. 
KBr, Br, | a H,O, 
No. % %. %. %,. Total 


. /o 
1 35-5 29-9 36-0 5-4 99-8 Crystal crushed and left 
over anhydrous com- 
pound. 
5-5 99-7 Crystal analysed whole. 
5-3 100-2. Duncan’s sample, small 
crystals. 


Cale. for KIBr,,H,O : KBr, 34-6; Br, 23-3; I, 36-9; H,O, 5-2%. 
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To confirm the suggestion that Ephraim’s high dissociation 
pressures were in fact due to his use of the hydrate, a sample of the 
above crystallised material was sealed up in an evacuated glass 
spring manometer, and a dissociation pressure-temperature curve 
drawn. This curve is given in the figure, together with Ephraim’s 








588 POTASSIUM DIBROMOIODIDE HYDRATE. 


points, and also a curve obtained for the anhydrous compound. 
Ephraim’s points lie near to the former curve, and there seems little 
doubt that his figures do indeed refer to the hydrated compound, 
while the dissociation pressure of the anhydrous compound is much 
lower. The sample in the spring melted quite sharply at 59° to a 
deep red liquid, solidifying at the same temperature: the dissoci- 
ation pressure curve shows a break at this point—Ephraim’s data 
are too scanty to reveal this. Recombination appears to occur 


Dissociation Pressures of Potassium Dibromoiodide and its Hydrate. 
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almost instantaneously on cooling, in striking contrast to the case 
of the anhydrous material, where several days have been found 
necessary for equilibrium to be reached. 


The above study was made in the laboratory of Prof. H. B. Baker, 
to whom our best thanks are due, and one of us (G. H. C.) is grateful 
for a Beit Fellowship during the tenure of which this work was 
carried out. 


Royat CoLLEGE oF SCIENCE, 
SoutnH KENSINGTON. (Received, January 21st, 1932.] 
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74. The Vapour Pressure of Bf’-Dichlorodiethyl 
Sulphide. 


By Stantey Aucustus Mumrorp, Joun WiLu1aM CoLe 
Puiiies, and WALTER CRAVEN BALL. 


Ix a paper on the volatility of certain organic compounds (Kolloid- 
chem. Beth., 1926, 23, 313), Herbst reports the measurement, by 
an air-saturation method, of the vapour pressure of an impure 
specimen of £8’-dichlorodiethyl sulphide (m. p. 12-85°) at 22° and 
39°. Apart from this, there appears to be no record of the determin- 
ation of the vapour pressure of this substance at ordinary temper- 
atures, though a number of values are quoted in the literature. 
These, however, are very discordant, ranging from 0-01 mm. to 
0-051 mm. at 10°, and from 0-06 mm. to 0-11 mm. at 20° (see 
Table I). 

For the b. p. of the sulphide under reduced pressures, Clarke 
(J., 1912, 101, 1583) gives 98°/10 mm., Steinkopf, Herold, and 
Stohr (Ber., 1920, 53, 1007) 108°/15 mm., Herbst (loc. cit.) 97°/10 
mm. and 105°/15 mm., Lewin (J. pr. Chem., 1928, 118, 282) 104— 
105°/13 mm., and Mumford and Phillips (J., 1928, 155) 107°/15 mm. 
From these points the curve log,, p = — 2612-8/T + 8-0425 is 
obtained, extrapolation of which gives 0-13 mm. at 20°, thus afford- 
ing support of the correctness of the higher values in Table I. 
This has now been confirmed by the determination, by an air- 
saturation method, of the vapour pressure of the pure material 
from 0° to 60°, the value found for 20° being 0-115 +- 0-007 mm. 


EXPERIMENTAL. 


The method used consisted essentially in the saturation of a slow 
“ auxiliary ” air stream with vapour of 66’-dichlorodiethyl sulphide 
at the required temperature, subsequent admixture of this saturated — 
air stream with a larger ‘‘ main ” flow of air, and final estimation of 
the sulphide in the combined flow by its adsorption in, and reaction 
with, very dilute acidified permanganate solution. 

The auxiliary air flow (ca. 2 c.c./min.) was maintained by displace- 
ment with water from a graduated vessel, immersed in a suitably 
heated water-bath. This air was subsequently dried with calcium 
chloride, brought to the exact temperature of the experiment in a 
pre-heating coil, and saturated with vapour of the sulphide by 
passing it through a 45-cm. long, flat U-tube filled with dry pumice 
soaked in pure (§’-dichlorodiethyl sulphide, and provided with 
plugs of glass wool to prevent formation of spray, the U-tube, and 
the pre-heating coils for the auxiliary and main air flows, being 
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contained in an electrically regulated air thermostat. The main 
air flow (100 c.c./min.), maintained by suction from a water pump, 
was purified (by passing through absorbent cotton wool, activated 
charcoal, and acidified permanganate solution) and dried; then, 
after being pre-heated to the required temperature, it was admixed 
with the auxiliary flow, and the whole of the combined flow passed 
through an absorption bubbler containing a known volume of 
standard dilute acid permanganate solution. 

In making a determination, the apparatus was allowed to remain 
at the requisite temperature for at least an hour before the air flows 
were started, and after a further 5—10 mins. to clear the tubes of 
accumulated vapour and to attain equilibrium, the combined flow 
was passed into the absorption bubbler. The volume registered on 
the displacement vessel was simultaneously noted, and again read 
at the end of the run, as indicated by complete decolorisation of the 
permanganate solution. 

The permanganate solution, prepared by dilution from an 
approximately 0-IN-solution, contained 0-006372 g. per litre 
(except at temperatures above 40°, where a solution of double 
this concentration was used) acidified with 20°% of 6N-sulphuric 
acid, preliminary experiments having indicated that with such 
solutions, at the rate of flow employed, $8’-dichlorodiethyl sulphide 
is quantitatively removed from the air stream and oxidised to the 
corresponding sulphone. The complete decolorisation of 10 c.c. 
of this permanganate solution is thus equivalent to 0-08016 mg. of 
the sulphide, or to 8-016/105d, c.c. of its vapour at ¢°, where d;, the 
density at t° is given by 
273 ~_ 159-04 273 


= . -5 s ¥ pall 
‘= 973 14 * Zoe *< 8988 x 10° =a, x 7-091 x 10%g./c.c., 





d 


the vapour being assumed unimolecular. [No measurements of 
the vapour density have been recorded, but the molecular weight 
of the liquid, determined cryoscopically in benzene (Mumford and 
Phillips, loc. cit.), is normal. } 

In view of the small magnitudes involved and of the errors 
inherent in the method—in particular, the difficulty of ascertaining 
the precise decolorisation point of the permanganate solution, and 
the impracticability of measuring the volume of the auxiliary air to 
within 1 c.c.—the slight lowering of vapour pressure due to the 
presence of air has been neglected, and the vapour pressure (p) 
calculated from the simple formula p = 8-016 x 10-°(B — b)/d,V1 
mm., where B mm. is the barometric pressure, ) mm. the negative 
pressure in the displacement vessel and saturation tube (ca. 2-4 mm.) 
caused by maintaining the main flow, and V, c.c. the volume of 
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auxiliary air passing during a determination, corrected for temper- 
ature, i.e., V; = Vo(273 + t)/(273 + 0), V_ being the actual volume 
of water at 0° (a temperature near ¢°) run into the displacement 
vessel. 

The 8’-dichlorodiethyl sulphide used was purified by fractional 
distillation and freezing, and had f. p. 14-4°, b. p. 107°/15 mm. Its 
physical constants, which agree well with those given for the pure 
compound in the literature, are summarised in the following 


Fic. 1. 
Vapour pressure of BB’-dichlorodiethyl sulphide. 
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equations: Di = 1-2960 — 0-001068t; n%, = 1-5292 — 0-00044(t — 
15), whence [Rz]p = 38-36 (calc. 38-38); y,. = 43-3 — 0-12(t — 
15) dynes/cm.; 1- = 0-001117/(1/D, — 0-7589) dynes/cm.?. The 
temperature range of the equations is from the f. p. to 25°, except 
that for the density, which incorporates determinations made on 
the supercooled liquid down to 0°. 

The results of the vapour-pressure determinations are given in 
Table II. They are represented by the equation log,) p = 8-3937 — 
2734-5/T (see Table II, last column), which gives, for the b. p. 
under 10, 13, and 15 mm. pressure, 97°, 103°, and 106° respectively, 
in good agreement with the observed values quoted above. 
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TasxeE I. 
Recorded values for the vapour pressure of 88’ -dichlorodiethyl 
sulphide. 

bor GN sh. iA (4). (5). (6). (7). (8). (9). 
oe — 0025 0-01 -- 0-01295 0-012(b) 0-031 0-021 — 
5 — — 0016 — 0-0186 — —- -—- =— 
10 0-01 0-040 0-026 —- 0-0272 0-031(5) — 0-051 0-05 
139 — — — — — — 07 — — 
15 -— 0047 0-042 0-0417 0-0417 - peri PROCITE 
20 0-06 0-062 0-065 0-065 0-065  0-080(b) O11 O1L — 
9s } ae 
ae ee ee ee {0870 
25 — 0-074 0-10 0-0996 90-0996 — —_-_ —_- — 
30 «60-09 «=—0-090) (0-15 0-150 0-150 0-174(b) — _— — 
3 — — — 0-222 0-222 me 
‘ 0-344(b) _ 
a6 anes ae = ag _ 0-358(a) J 
Q\ i- — -- -- — — 0-45 — 0-45 
8s —- — — —_ = 1) — —' — 
60 = — — a pre lin 1-51 awe sla 


References.—({1) Official History of the Great War, Medical Services, 1923, 
Vol. II, p. 425. (2) Lamb, Carleton, Hughes, and Nichols, J. Amer. Chem. 
Soc., 1920, 42, 78. (3) Leitner, Militarwis. u. Techn. Mitteilungen, 1926, 
47, 662 (see also, Hanslian, ‘‘ Der Chemische Krieg,’’ Berlin, 1927, p. 383). 
Vapour pressures calculated from the quoted persistencies: S = p’VM’T | 
pV MT", where p’ = vapour pressure of water (mol. wt. = M’) at 15° (= T”’ 
Abs.), and p = vapour pressure of the sulphide (mol. wt. = M) at T° Abs. 
(4) Vedder, “‘ Medical Aspects of Chemical Warfare,’’ Baltimore, 1925, p. 127. 
(5) Voina i Technicka, 1928, 7, 60. (6) Herbst, loc. cit. Vapour pressures 
calculated from the quoted volatilities: F, = Mp, x 10°/760V, mg./cu. m., 
where p, is the vapour pressure of the sulphide (mol. wt. = M) at ¢°, and V; 
its molecular volume (in litres) at the same temperature, t.e., V; = 22°412 x 
(273 + t)/273. Those marked (a) are from actual determinations by an air- 
saturation method; those marked (b) have been extrapolated from boiling 
points at higher pressures. (7) Vedder, op. cit., p. 14; also quoted by Hanslian, 
op. cit., p. 50. (8) Kostevitch, Z. ges. Schiess. u. Sprengstoffwesen, 1928, 23, 
365. Vapour pressures calculated from the quoted volatilities as under (6). 
(9) ‘‘ Manual of Treatment of Gas Casualties ’’ (H.M.S.O., 1930), p. 13. 


TaBe II. 
Experimental vapour pressures of 88'-dichlorodiethyl sulphide. 
Vapour pressure (obs.). 





Vapour 
Mean p, Max. deviation No. of pressure 
Temp. mm from mean, +. determimations. (cale.). 
0° 0-035 0-007 20 0-024 
10 0-055 0-005 17 0-054 
15 0-075 0-008 15 0-079 
20 0-115 0-007 18 0-115 
30 0-225 0-025 19 0-23 
40 0-45 0-05 24 0-45 
50 0-83 0-1 32 0-85 
60 1-55 0-15 19 1-52 


[ Received, November 18th, 1931.] 
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75. Trypanocidal Action and Chemical Constitution. 
Part XII. Arylthioarsinites derived from x-T hiol- 
undecoic Acid. 

By Aaron COHEN. 


In Part X (Cohen, King, and Strangeways, J., 1931, 3043) the 
preparation and chemical properties of a number of arylthioarsinites 
were described and their therapeutic value in experimental try- 
panosomiasis in mice was discussed. These compounds were repre- 
sentatives of the types (I) and (II), derived from benzamide- and 
acetanilide-p-arsenoxides, in which R was an aliphatic or aromatic 


(L,) NH,COC As<SR NHAcé As<SR (IL) 


radical containing a substituent carboxyl group to permit the 
preparation of water-soluble sodium salts suitable for adminis- 
tration. The therapeutic results showed that many of these sub- 
stances possessed marked trypanocidal activity. It was also found 
that, as the molecular weight of the thiol constituent (SR) in the 
above thioarsinite molecule increases, the maximum tolerated dose 
also tends to increase to values which are greater than those cal- 
culated from the content of the toxic arsenoxide. 

The therapeutic efficiency thus exhibited by the arylthioarsinites 
suggested an extension of the investigation to compounds derived 
from higher homologues of the aliphatic thiol acid series. This 
communication concerns the dithioarsinites obtained by the con- 
densation of benzamide- and acetanilide-p-arsenoxides with «-thiol- 
undecoic acid. These compounds conform to types (I) and (II), 
R being extended to a chain of eleven carbon atoms as shown below. 


S-[CH,],9°CO,H 
(NHAc)NH,» CO” As SE (oH COH 
The stages by which x-thiolundecoic acid (V) was prepared from 


undecenoic acid as starting material are represented in the following 
scheme (heavy arrows). 


CH,:CH-(CH,],°CO,H —> Br-[CH,],)°CO,H —> ( “8 (CHy];0° COs 


7 (IL) 2 
“eo ae: 
EtO-CS-S-[CH,},°CO,H--->SH-[CH,],9*CO,A—>HO,S-[CHy],9°CO,H 
(VI.) (V.) (VII.) 


Addition of hydrogen bromide to undecenoic acid may, theoretic- 
ally, proceed in two ways resulting in the formation of «- and 


t-bromoundecoic acids. It was shown by Walker and Lumsden 
x 
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(J., 1901, 79, 1192) that the bromoundecoic acid, m. p. 35°, so 
obtained by Brunner (Ber., 1886, 19, 2226) was probably «-bromo- 
undecoic acid, and that saturation of a toluene solution of undecenoic 
acid with hydrogen bromide at 0° led to the formation of «-bromo- 
undecoic acid (III), m. p. 51°. These conditions were adopted in 
the present work without success, but by following the procedure 
of Fairweather (Proc. Roy. Soc. Edinburgh, 1926, 46, 72), according 
to which addition of hydrogen bromide is carried out in light 
petroleum solution at 0°, x-bromoundecoic acid, m. p. 50—51°, 
was obtained. The product, as has been shown by previous workers, 
is readily isolated from the reaction mixture, being far less soluble 
than the t-substituted acid. The yield, however, was about 45°, 
of the theoretical throughout a large number of batches, which 
contrasts with the 90°% yields reported by Flaschentrager and 
others (Z. physiol. Chem., 1930, 192, 245), using the same method. 
These authors remark, however, that the early attempts to prepare 
this acid were quite unsuccessful. The exact conditions which 
determine the addition of bromine to the terminal carbon afom are 
not clear, and it seems most probable that a mixture of x- and 
t-bromoundecoic acids is the usual product of this method of 
preparation. 

x-Bromoundecoic acid was converted by sodium disulphide into 
x-disulphidoundecoic acid (IV), m. p. 92°, which was characterised 
by oxidation with nitric acid to x-sulphoundecoic acid (VII), and 
reduced to x-thiolundecoic acid (V). The condensation of the 
latter with benzamide- and acetanilide-p-arsenoxides was carried 
out in sodium hydrogen carbonate solution (compare Cohen, King, 
and Strangeways, loc. cit.), yielding the required dithioarsinites. 

This work was completed when the preparation of the disulphide 
acid (IV) and of the thiol acid (V) was reported by Bauer and 
Stockhausen (J. pr. Chem., 1931, 130, 40), whose procedure is 
shown in the- above scheme by broken arrows. Starting with 
bromound:coiec acid, and using Biilmann’s method (Annalen, 1906, 
348, 125), they prepared x-xanthatoundecoic acid (VI) by reaction 
with potassium ethyl xanthate. This substance is said to decompose 
at 88°, and to give, on treatment with ammonia, «-thiolundecoic 
acid, m. p. 94—95°, which is oxidised by nitric acid to the disulphide 
(IV), m. p. 105—106°, after crystallisation from ether. The form- 
ation of a sulphonic acid was not observed in the nitric acid oxidation. 

In order to throw some light on the discrepancies between the 
findings of Bauer and Stockhausen and those of the present author, 
their experimental conditions were adopted, in essentials, in the 
preparation of the disulphide (IV) and the thiol acid (V). The 
products obtained were not only different from those described by 
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Bauer and Stockhausen, but were identical with those which had 
been previously prepared as described in the earlier part of this 
paper. The reaction between x-bromoundecoic acid and potassium 
ethyl xanthate is now found to give an excellent yield of x-xanthato- 
undecoic acid, which crystallises readily from light petroleum and 
melts at 49°. When this is treated with ammonia, the same thiol 
acid is obtained as from the reduction of the disulphide described 
above, and specimens of the thiol acid from both sources give 
the same mercaptide. Moreover, the thiol acid obtained from 
«-xanthatoundecoic acid is oxidised by hydrogen peroxide or iodine 
to «x-disulphidoundecoic acid, m. p. 92°, identical with that which 
had already been obtained from x-bromoundecoic and sodium di- 
sulphide. This thiol acid was also oxidised by nitric acid according 
to the directions given by Bauer and Stockhausen and x-sulpho- 
undecoic acid was again isolated. 

In the light of these results, the nature of the substances described 
by Bauer and Stockhausen is far from clear. An explanation of the 
discrepancies revealed above may lie in their use of a bromoundecoic 
acid which is possibly of doubtful constitution, since their paper 
contains no statement regarding the melting point or source of this 
starting material. 

The two thioarsinites from x-thiolundecoic acid were tested on 
mice infected with Trypanosoma equiperdum. On account of the 
sparing solubility of their sodium salts in water, they were unsuitable 
for intravenous injection; accordingly they were given sub- 
cutaneously in aqueous suspension. They effected a rapid dis- 
appearance of trypanosomes from the blood stream in common 
with the thioarsinites previously described (Part X, loc. cit.), but 
relapses occurred on all doses at about the same time, due no doubt 
to inefficient distribution of the drug. The toxicities of the benz- 
amide and acetanilide thioarsinites are roughly represented by 
0-075 and 0-2—0°3 milligram per gram of mouse, respectively. 


EXPERIMENTAL. 


x-Bromoundecoic Acid.—A solution of undecenoic acid (20 g.) 
in dry light petroleum (200 c.c.), which had been shaken with con- 
centrated sulphuric acid and redistilled, was saturated with dry 
hydrogen bromide at a temperature not exceeding 0° (compare 
Fairweather, loc. cit.) The product, which crystallised, was 
collected on a cold filter (average yield, 45-5% of the theoretical). 
From six such batches, a further 19 g. of crude product were obtained 
on concentration of the mother-liquors. Recrystallisation of 280 g. 
of crude product from light petroleum at — 4° yielded 200 g. of 
«-bromoundecoic acid, m. p. 50—51°. 
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x-Disulphidoundecoic Acid (IV).—(a) Hydrated sodium sulphide 
(5-28 g.; Na,S,9H,O) was gently heated with the addition of flowers 
of sulphur (0-7 g.). To the red melt was added a solution of «-bromo- 
undecoic acid (10-6 g.) in water (100 c.c.) containing sodium hydrogen 
carbonate (3-36 g.), and the mixture was heated on a boiling water- 
bath for 1 hour. The disulphide acid separated (8-0 g.) on acidific- 
ation of the clear solution. It crystallises from acetone or glacial 
acetic acid in granular aggregates of small needles, m. p. 92°. Bauer 
and Stockhausen give m. p. 105—106° (Found: C, 60-7; H, 9-6; 
8, 15-0. Calc. for C..H,,0,8,: C, 60-8; H, 9-7; 8S, 148%). It is 
readily soluble in warm organic solvents with the exception of ether. 
In common with other aliphatic disulphides (compare Part X, p. 
3048), it is immediately reduced to the thiol acid by a solution of an 
arylarsenoxide (benzamide-p-arsenoxide) in aqueous sodium hydr- 
oxide with the development of a strong nitroprusside reaction. 

(b) To a werm solution of 2-18 g. of «x-thiolundecoic acid (obtained 
from x-xanthatoundecoic acid as described below) in 10 c.c. of glacial 
acetic acid, ‘‘ perhydrol ” (0-6 g.; 1 mol.) was added, and the solu- 
tion allowed to cool slowly. The product which crystallised (1-6 g.) 
contained no free thiol group (negative nitroprusside test) but on 
treatment with an alkaline solution of benzamide-p-arsenoxide 
developed a strong nitroprusside reaction. It separated from 
acetone or glacial acetic acid in crystalline nodules, m. p. 92° (Found : 
C, 60-0, 60-2, 60:2; H, 9-8, 9-7, 10-0; equiv., 217. Cale. for 
CoH 20,8, : C, 60-8; H, 9-7%; equiv., 217). The mixed melting 
point of this acid and of the product obtained as in (a) is also 92°. 
The same disulphide acid is also obtained if this oxidation of the 
thiol acid is carried out with iodine as oxidant. 

x-Xanthatoundecoic Acid (V1).—x-Bromoundecoic acid (24 g.) was 
dissolved in water (500 c.c.) with the addition of anhydrous sodium 
carbonate (48 g.). Potassium ethyl xanthate (16 g.) was added 
to the. solution, which was then heated for 3 hours on a boiling water- 
bath. When the cooled solution was acidified to Congo-paper, 
x-xanthatoundecoic acid was precipitated (27 g.). It crystallised 
from 4—5 volumes of light petroleum in lustrous leaflets, m. p. 49° 
(Found : C, 55:1; H, 8-5. C,,H,,0,S, requires C, 54:9; H, 8-5%). 
According to Bauer and Stockhausen this xanthate derivative 
decomposes at 88°. 

x-Thiolundecoic Acid (V).—(a) The above disulphidoundecoic 
acid (4-34 g.) was dissolved in glacial acetic acid (30 c.c.) and hydro- 
chloric acid (10 c.c., d 1-16). The solution was gently refluxed while 
zine dust (2-5 g.) was gradually added during 2 hours. The filtered 
solution was made turbid with dilute hydrochloric acid and cooled. 
The thiol acid, giving an intense nitroprusside reaction, separated 
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in filmy pointed leaflets (4-0 g.), m. p. 47°. Analytical data were 
not obtained, since attempts to recrystallise this substance resulted 
in gradual conversion of the thiol into the disulphide. After three 
crystallisations from alcohol, the melting point is 92°, alone or 
mixed with the disulphide. When treated with mercuric chloride 
in alcoholic solution, the thiol acid forms an insoluble mercaptide, 
separating as a white microcrystalline powder, m. p. 185—187° 
(decomp.). 

(b) A solution of x-xanthatoundecoic acid (10 g.) in alcohol (50 
c.c.) and aqueous ammonia (20 c.c.; 25%) was kept at room temper- 
ature for 4 days, during which time a crystalline solid, probably an 
ammonium salt, slowly separated. The mixture was evaporated 
to a small bulk under reduced pressure at 50°, and dilute ammonium 
hydroxide (10 c.c.) was added. This was extracted with ether, and 
from the ethereal extracts, xanthogenamide was later isolated. The 
alkaline aqueous solution was acidified with hydrochloric acid 
(Congo-paper); the thiol acid then separated in fine pointed leaflets 
or needles identical in properties with the product obtained by 
method (a) above. Alcoholic mercuric chloride gives a mercaptide, 
m. p. 185—187° (decomp.) alone or mixed with the mercaptide 
already described (a). 

x-Sulphoundecoic Acid (VII).—Nitric acid (d 1-4; 20 c.c.) was 
added to the disulphide acid (4-34 g.). When the vigorous reaction 
had subsided, the mixture was heated on the water-bath for 4 hours. 
The liquid was diluted with water, and a small quantity of amorphous 
solid was filtered off. The solution, on repeated evaporation with 
water to remove nitric acid, yielded a waxy crystalline solid (2-5 g.) 
when strongly cooled (— 4°). This was dissolved in the minimum 
volume of warm concentrated hydrochloric acid, from which the 
sulphonic acid crystallised in long flat needles or leaflets, m. p. 
63—65°. It is exceedingly soluble in water, methyl and ethyl 
alcohols and acetic acid, but not in benzene or light petroleum. On 
account of its highly hygroscopic nature reliable analytical data 
could not be obtained from combustions (Found: C, 46-1; H, 8-8; 
8, 11:7; equiv., 139. C,,H,,0,S requires C, 49-6; H, 83; S, 
120%; equiv., 133). The characteristic disodium salt separates 
in needles from a solution of the acid in excess of concentrated 
aqueous sodium hydroxide (Found : loss at 95°, 5-55. 

C,,H.,)0;SNa,,H,O 
requires H,O, 55%. Found for anhydrous material: Na, 14:8. 
C,,H,0;SNa, requires Na, 14:8%). 
Action of Nitric Acid (d 1-2) on x-Thiolundecoic Acid.—The thiol 
acid (2:3 g.) obtained from x-xanthatoundecoic acid was treated 
with water (3 c.c.) and nitric acid (d 1-2; 6 c¢.c.) and heated on the 
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water-bath for 2 hours (compare Bauer and Stockhausen, loc. cit.). 
During the ensuing vigorous reaction the solid gradually dissolved. 
The liquid was diluted and cooled and the solid which separated was 
collected. This did not appear to be homogeneous. The absence 
of free thiol groups was shown by a negative nitroprusside test, and 
the presence of some disulphide by a positive reaction when the 
product was treated with alkaline benzamide-p-arsenoxide. On 
evaporation of the mother-liquor a crystalline solid (0-9 g.) was 
obtained. Crystallisation from concentrated hydrochloric acid 
yielded x-sulphoundecoic acid, identical with that already described 
and giving the same disodium salt. 

Thioarsinites derived from x-Thiolundecoic Acid.—In the prepar- 
ation of each of the following thioarsinites, the same product was 
obtained whether the thiol acid used was prepared by ammoniacal 
decomposition of the xanthate acid or by reduction of the disulphido- 
acid. 

Di-(x-carboxydecyl) benzamide-p-thioarsinite. Benzamide-p-arsen- 
oxide (1-05 g.), added to a solution of «-thiolundecoic acid (2-18 g.) 
in water (100 c.c,) containing sodium hydrogen carbonate (1 g.), 
dissolved when the mixture was boiled for some minutes. The 
solution was filtered and acidified. The thioarsinite (3 g.) separated 
from glacial acetic acid in microcrystalline granules, m. p. 270° 
(decomp.) after sintering at a lower temperature (Found: As, 
11-5. CggH,gO;NS,As requires As, 11-9%). A solution of the thio- 
arsinite in hot sodium hydrogen carbonate deposits a crystalline 
sodium salt imparting a characteristic sheen to the suspension. ‘The 
latter gives no coloration with sodium nitroprusside, but an intense 
nitroprusside reaction is observed in sodium hydroxide solution. 

Di-(x-carboxydecyl) acetanilide-p-thioarsinite. By using acetanilide- 
p-arsenoxide (2-4 g.) and «-thiolundecoic acid (4-36 g.), this thio- 
arsinite was prepared in a similar manner to that described above 
for the benzamide analogue. Yield, 5-35 g. It crystallised from 
glacial acetic acid in boat-shaped leaflets, m. p. 117—118° (Found : 
As, 11:5. Cy9H,90;NS,.As requires As, 11-7%). A sparingly soluble 
sodium salt is formed in sodium hydrogen carbonate solution, and the 
normal nitroprusside reactions are exhibited by this compound. 


The author expresses his gratitude to Dr. H. King for his constant 
advice in this investigation, and to Miss W. I. Strangeways, who 
carried out the biological tests. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
HAmpPpsTEAD, N.W. 3. [ Received, November 18th, 1931.] 
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76. The Action of Light on Mixtures of Ozone and 
Chlorine. Part II. Results with High Ozone 
Concentrations. Discussion. 


By ArtHurR JoHN ALLMAND and JoHN WILLIAM TRANTER SPINKS. 


Ir was mentioned in Part I (J., 1931, 1652) that a mist was produced 
when a chlorine—ozone mixture was insolated. Owing to the position 
of the reaction cell in the thermostat, this phenomenon escaped 
notice for some time, and was first observed when the spectral 
absorption of such a mixture was being determined by means of a 
monochromator—thermopile-galvanometer combination. This mist 
formation was now connected with a fact previously noted, viz., that 
thetransmission for 365 yu of areaction mixture lowinchlorinecontent 
increases during the first few minutes of insolation, then becoming 
constant. The natural conclusion was that some reaction was taking 
place whereby chlorine was being removed from the gaseous system, 
and that its disappearance was only detectable optically when it was 
in low concentration and when light of high extinction coefficient 
(%5¢5 = 27-17) was used. 

Accordingly, the cell then in use was cut down after all chlorine 
and ozone had been displaced, and examined. A thin moist film 
was found on the walls. This was washed out and tested. It gave 
a negative reaction for chloride, which became positive after boiling 
with ferrous sulphate and sulphuric acid, thus indicating the presence 
of chlorate. A simple piece of apparatus was then set up, consisting 
essentially of a glass bulb with entry and exit tubes, through which 
a chlorine—ozone mixture was allowed to stream at about 2 litres/ 
hour. The upper part of the bulb was illuminated with 365 uy 
radiation, and the lower part cooled in ice. After 7 hours, the bulb 
was washed through with air, and the thin film of deposited mist 
dissolved in a little water and examined. It gave negative tests for 
free chlorine, hypochlorite, chloride, and sulphate. A drop added 
to a drop of concentrated potassium chloride solution gave an 
immediate precipitate of potassium perchlorate, identified micro- 
scopically. Similarly, a drop added to a drop of 2% brucine in 


‘dilute acetic acid threw down the same characteristic clusters of 


six-sided plates, radiating from nuclei, as given by potassium 
perchlorate. Reduction by either sulphur dioxide, acidified ferrous 
sulphate, or titanous sulphate resulted in the formation of chloride, 
and its production by the first two reducing agents indicated the 
presence of chlorate as well as perchlorate. 

The conclusions appear obvious. _ Chlorine trioxide (ClO,) is 
formed as an intermediate stage in the photochemical reaction. 
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The gases used contain a certain amount of water vapour derived 
from the cell walls (not baked out before use), and the mist formation 
and increase in transmission are due to the dehydration of the 
mixture in accordance with the equation 2ClO, + H,O —> HClO, + 
HCl10,, with or without the intermediate formation of chlorine 
hexoxide (C1,0,). 

We were at that time considering our results in the light of a 
modification of a hypothesis put forward some years ago (Allmand, 
Trans. Faraday Soc., 1926, 21, 603) to account for the order of the 
reaction in respect of ozone. It was then suggested that the reaction 
mechanism involved the primary formation of activated chlorine 
molecules, that these, in addition to decomposing ozone directly, 
could activate oxygen molecules by impact, and that these activated 
molecules could effect the decomposition of ozone molecules by 
collision. On the assumption of relatively long lives for Cl,’ and O,' 
molecules, it was shown that the resulting kinetic equation was of 
zero order for ozone. The modified theory involved the substitution 
of chlorine atoms and chlorine peroxide molecules for Cl,’ and O,' 
molecules respectively. The discovery that the trioxide played a 
part in the decomposition suggested that the postulated interaction 
between the peroxide and ozone was simply ClO, + O,——> ClO, + 
O,. We accordingly prepared a mixture of the peroxide and 
carbon dioxide (Bray, Z. physikal. Chem., 1906, 54, 575) and carried 
forward the gases by a current of air, first over phosphoric oxide and 
then into a blackened bulb, into which dry ozone was also passed. 
After an hour, the whole was blown out with dry air, and red drops 
of Cl,O, were found. Analysis showed the liquid not to be quite 
pure, but to contain some heptoxide. As, however, the paper of 
Schumacher and Stieger (Z. anorg. Chem., 1929, 184, 272) appeared 
shortly after our experiments, we did not pursue the matter further. 

Although the modified theory mentioned had proved successful 
in one of its main predictions, it was nevertheless soon abandoned, 
partly because it would have involved the formation of chlorine 
peroxide in insolated mixtures of chlorine and oxygen, and, in spite 
of the very characteristic spectrum of this oxide, no trace of such 
formation could be detected, and partly because of work, now to be 
described, carried out with concentrated ozone mixtures. These’ 
experiments were suggested by certain results recorded in Part I, 
particularly by the fact that, with low chlorine concentrations and 
365 uy light, there were indications both of a chain reaction and of an 
I®5 relation. The proof of the production of the trioxide was, of 
course, in agreement with these indications, as also were the experi- 
ments of Bodenstein, Padelt, and Schumacher (Z. physikal. Chem., 
1929, B, 5, 209) on the thermal reaction in chlorine—ozone mixtures. 
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Working with concentrated ozone, they had deduced a mechanism 
involving the intermediate formation of chlorine trioxide (a mist 
yielding perchloric acid was produced in presence of moisture) and 
their kinetic equation, introducing [Cl,]®5, clearly suggested an 
I® relation in the corresponding photochemical reaction. 
Concentrated ozone was prepared by the method of Riesenfeld 
and Schwab (Ber., 1922, 55, 2088). A bulb was sealed into the 
apparatus between the ozoniser and the cells, sampling bulb, and 
pump line. It was immersed in liquid air, and ozonised oxygen 
admitted intermittently, the uncondensed oxygen being pumped 
off every 2—3 minutes between admissions. In this way, a deep 
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violet liquid mixture of ozone and oxygen resulted, and the con- 
densation of excess of liquid oxygen was minimised. When the 
required amount of liquid had been collected, the apparatus was 
evacuated by the water-pump, and the liquid air removed from the 
ozone supply. After evaporation of the ozone and equalisation of 
temperature, the pressure was adjusted to one atmosphere by 
establishing connexion with the ozoniser. The chlorine was intro- 
duced, either at the start, by incompletely evacuating the previous 
filling from the cells, or else at this stage, by removing a certain 
fraction of the ozonised oxygen and replacing it by chlorine. All 
the measurements were done with 5-cm. Gerite-glas cells and 365 py 
radiation. Table I gives a summary of the results (y = quantum 
efficiency), and the course of the experiments is shown in Fig. 1, 
x2 
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where the rate of decomposition is plotted against (a) the total 
quantity of ozone photochemically decomposed up to that point and 
(6) the total time since the beginning of the experiment. 


TaBLeE I, 
Percentage Apparent values Decrease in 
absorption of y. [Og] percentage 
Expt. [Cl,],% ofincident [0,], % At At due to action 

No. (approx.). light energy. initially. start. finish. of light. 
251 4 41-6 20—30 6-57 3°63 2 
252 1-2 23-8 34 9-0 3°47 2°3 
253 0-5 11-2 25 13-4 11+5 0-3 
255 0-5 11-2 40—50 >24 10 4 
256 0-6 12-4 68 25-3 22-8 0°5 


The y values are considerably higher than those obtained with 
dilute ozone fillings, and there is evidence that, in the concentration 
range covered, the initial figures increase with decreasing chlorine 
and with increasing oxygen concentration. A striking point is that 
these initial values appear to fall off rapidly while the ozone con- 
centration is still very high. Thus, in Expt. 252, if thermal decom- 
position could be neglected, [0,] would still be 31-7°% at the end of 
the run, whilst the y value of 3-47 is already near the figure found 
(Part 1) for cell fillings with about the same concentration, of chlorine 
but < 8% of ozone. 

Unfortunately, although we were aware that the thermal rates of 
decomposition were relatively high in these experiments, the import- 
ance of measuring them systematically was not realised at the time 
and this introduces an element of doubt into the interpretation of 
our results. Our gas mixtures were not analysed after the experi- 
ments, nor have we the data for the accurate calculation of their 
compositions, either during or at the end of the experiments. We 
cannot therefore say with certainty to what extent the remarkable 
fall observed in y is merely the natural result of decreasing ozone 
concentration. However, the incomplete evidence strongly points 
to the presence of another effect. The apparent rate of photo- 
chemical action is, of course, the total reaction in the insolated 
vessel less the dark reaction in the unilluminated cell. The latter 
can be calculated, at least approximately, from the thermal measure- 
ments of Bodenstein, Padelt, and Schumacher (loc. cit.), who give 
values for the velocity constant at 50° and 35°. Their data also 
allow of a rough computation of the length of the induction period 
which elapses before the dark decomposition reaches its maximum 
velocity. But the true effect of the light is not equal to the apparent 
effect thus calculated, for the case is one in which the total reaction 
on insolation is not composed additively of a light and of a dark 
effect (Berthoud, J. Chim. physique, 1926, 23, 251). Further, owing 
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to the extra decomposition caused by light, the contribution of the 
thermal reaction to the total velocity in light will tend to be less than 
corresponds to the reaction in the dark cell. 

As a result of our calculations, making extreme assumptions 
regarding the thermal rates of reaction and the ensuing decreases in 
ozone concentration, and taking into account indications furnished 
by differential dark reaction rates observed between insolations, we 
conclude (i) that for the first 12—24 hours, depending on the 
experiment, thermal effects of any kind are negligible; (ii) that 
consequently the initial values of y recorded in Table I are to be 
relied on quantitatively; (iii) that the maximum rates of thermal 
reaction are of the same order as the apparent photochemical rates 
under our conditions of insolation; and (iv) that a real decrease in y 
takes place during insolation of these rich ozone mixtures, quite 
apart from any accompanying change in concentration, whether 
caused thermally or photochemically. It may be added that, in 
respect of initial rise, final fall, and after effect, concentrated ozone 
mixtures presented no unusual feature. 

The effect of intensity variation was studied during the above 
experiments by interposing a perforated metal screen in the beam, 
the average velocity when the screen was used being compared with 
the average velocity with unweakened light before and after the 
screen experiment, or vice versa. The results are shown in Table II. 


TaBxeE II. 
Decrease in 
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In all cases, the velocity increases less rapidly than the intensity, 
and to a more pronounced degree the higher the initial ozone con- 
centration. There seems to be a tendency for the effect to become 
less marked as the experiment proceeds (with decrease in y). In 
Expt. 256, the velocity appears to increase less rapidly even than 
I*5, and we are unable to explain the discrepancy, which seems 
outside our experimental error. This relation between rate and J 
means that y increases with decreasing J. The highest actually 





604 ALLMAND AND SPINKS: THE ACTION OF 


measured value (y = 59) was observed during the course of Expt. 
256 when using the Corning Filter G. 586 AW (Part I, p. 1656), 
which has a low transmission, together with the perforated screen. 
When the influence of temperature was investigated, a marked 
effect was found, in striking contrast to the results given by more 
dilute ozone fillings. Three experiments were done, the chlorine 
concentration being low in each case, and the initial ozone concen- 
tration ranging up to 66%. Owing to the rapid rate of change of y, 
it was not easy to obtain comparable velocities at two different 
temperatures (30° and ca. 23° were used), and our figures for the 
three experiments were (for 10°) 1-94, 1-39, and 1-52. Of these 
results, the third corresponds to the most satisfactory experiment. 


Discussion. 


Any complete theory of this reaction must account for the follow- 
ing two sets of facts, separated provisionally for reasons which will 
appear later. 

(a) Zero order for ozone with fairly high chlorine concentration 
and ozone concentration up to 7%; y values of 2—3; pro- 
portionality between rate and J. 

(6) For 365 uy, [(0,] < 7%, and [Cl,] < 2—3%, increase in y and 
departure from J, relation. 

(c) An accentuation of the tendencies under (b) when the ozone 
concentration becomes high. 

(d) 313 > Ys65 > Ya20 > Yage for @ given dilute ozone mixture. 

(e) Temperature coefficient of 1-0 for a dilute ozone mixture. 

(f) Temperature coefficient of 1-5 (ca.) for a rich ozone mixture. 

(g) Detection of ClO, (Cl,O,) in the reacting gases. 

(4) The initial rise and the final fall. 

(t) The induction period and the after effect. 





(j) The final rise. 

(k) Occasional irregular and irreproducible results during induc- 
tion period and after effect. 

(1) Unusual behaviour of mixtures insolated in quartz cell. 

(m) Rapid decrease of y with time observed with high ozone 
concentration. 


Of these facts, (h) and (j) were observed by Weigert (Z. Hlektro- 
chem., 1908, 14, 591), and (a) by Weigert and later by Bonhoeffer 
(Z. Physik, 1923, 13, 94), and the essential criterion of former 
theories of the reaction was whether or not they could explain 
satisfactorily this last result. Such theories, all involving the 
primary formation in light of activated chlorine molecules and 
coupled with special postulates regarding their length of life or their 
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power of isochromatic fluorescence, were put forward by Weigert 
(Z. physikal. Chem., 1923, 106, 407), by Bonhoeffer (loc. cit.) and by 
Allmand (loc. cit.), and led to formal explanations of the fact in 
question. They can no longer be upheld, for, in accordance with 
Franck (Trans. Faraday Soc., 1926, 21, 536), it is now generally 
admitted that the absorption of a quantum of blue or ultra-violet 
light by a chlorine molecule causes the immediate dissociation of the 
latter, and hence chlorine atoms must be regarded as the primary 
photocatalyst in the present case. 

Two alternative mechanisms on this basis have indeed been 
proposed by Cathala (J. Chim. physique, 1928, 25, 182), but they 
are untenable for a variety of reasons, including one cogently put by 
Griffith and McKeown (“ Photoprocesses, etc.,’’ 1929, p. 603). 
More recently, Schumacher and Wagner (Z. physikal. Chem., 1929, 
B, 5, 199) have suggested Cl, + hv —> 2Cl; Cl + 0, —> ClO + 
0O,; 2ClO—~> Cl, + 0,. This gives a quantum efficiency of 2, 
and ClO groups have been successfully used in explaining the 
mechanism of the chlorine-sensitised union of carbon monoxide and 
oxygen (Bodenstein, Lenher, and Wagner, ibid., 1929, B, 3, 459). 
Apart, however, from not accounting for certain experimental facts 
established by us, the above scheme involves the improbable assump- 
tion that reaction between ClO and O, must have a very high 
activation energy. Further, we cannot admit that, with excess of 
ozone present, the absence of a chlorine peroxide spectrum is a reason 
for denying the intermediate formation of this substance. 

Of the facts just referred to, the most important is the demonstr- 
ation that ClO, radicals are very probably formed during the reaction. 
This naturally suggests Cl, + hv—»2Cl; Cl+O,— > ClO,; 
2Cl0, —> Cl, + 30,. The quantum efficiency would again be 2, 
and it is of interest that this mechanism was proposed years back by 
Bodenstein (Z. Elektrochem., 1913, 19, 840). But in addition, there 
is the fact of chain formation to consider [(b) and (c)]. The most 
obvious conclusion is that ClO, is the catalyst which continues the 
chain, its disappearance in accordance with the above equation 
accounting for the J®> relation. Two chain mechanisms appear 


possible : 


(I.) (II.) 
(i) ClO, + 0, —>Cl0, + 20, (i) ClO, + O, —>Cl + 30, 
(ii) ClO, + O;—>Cl0, + O, (ii) Cl + O, —>Cl0,. 


Of these, I (ii) has been shown to take place readily, whilst I (i) is a 
new reaction. Mechanism II also introduces one new reaction only, 
for II (ii) is already assumed to take place in any case. It seems 
difficult to choose between the probabilities of I (i) and II (i); the 
former is rather the more exothermic of the two, but their activation 
energies would probably be similar. 
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The above simple scheme, whichever of the alternative chains be 
used, accounts satisfactorily for practically all of the first group of 
experimental facts (a)—(i), but fails to explain the second group, 
viz., (j)—(m). Of these, (k), (1), and (m) have been sufficiently 
described (Part I), but further details are given about the final rise 
phenomenon. Normally, this set in when the ozone concentration 
had fallen to 0-1%. At this point, the p-t curve began to steepen, 
and just before the sudden change in direction at complete decom- 
position, its slope was usually 2—3 times as steep as in the constant 
slope region (Part I, Fig. 3, a—d). It was clearly shown (e.g., 
Part I, Fig. 3, 9,, g.) that the phenomenon is purely photochemical, 
and is accompanied by no abnormal after-effect. The difference 
between the final pressure when decomposition was complete, and 
the value the pressure would have had at the same instant if the 
constant rate of decomposition had continued, was about 2 mm. of 
sulphuric acid, apparently independent of the size of cell (5 or 10 cm. 
depth), of 4, and of chlorine concentration. If allowance be made 
for the fact that, in the one case but not in the other, the heat of 
reaction is exerting an effect on the pressure (see later), then this 
pressure difference would be about 2-5—3 mm. of sulphuric acid. 

These unexplained facts have one feature in common, ?.e., they all 
suggest some effect of surface. Thus the final rise is very similar 
to the last stage in the thermal bromine-ozone reaction, shown by 
Lewis and Schumacher (Z. physikal. Chem., 1930, B, 6, 423) to be 
due to the sudden release of large amounts of gas from the surface 
of the reaction vessel. The abnormal pressure changes sometimes 
observed point in the same direction. Unless the very unlikely 
assumption is made that some gaseous inhibitor is produced during 
the photolysis of the rich ozone mixtures, it seems impossible to 
explain the fall in y by means of a homogeneous gaseous reaction. 
To this evidence we may add that Cl,0, formation from ClO, is said 
by Bodenstein and Schumacher (ibid., 1929, B, 5, 233) to be appar- 
ently assisted by surface action. As a result of such considerations, 
we are led to propose the following general scheme for the reaction. 

(1) Cl, + hv —> 201 

(2) Cl + O, + M—>CIO,* + M 

(3) ClO,* —>Cil0, 

(4) ClO, —>C10, 

(5) 2010, —>Cl, -+ 30, 


(6) 2010, —> C1,0, 
(7) Cl,O, —->Cl, + 30, 


(A.) (B.) 
(8) ClO,* + O,—>Cl0, + 20, (10) C10; + O,—>Cl0, + 20, 
(9) ClO, + 0, —>Cl0, + O, (9) ClO, + 0, —>Cl0, + 0, 
Substances in heavy type are supposed to be adsorbed on the 
surface of the cell. Equations (1)—(7) represent the reaction when 
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there is no chain formation; (A) and (B) represent two distinct 
chain mechanisms, to which very different characteristics are 
ascribed. The reaction ClO, +- O;——> Cl + 30,, whether in the 
gas or on the surface, is no longer considered. It gives final equations 
identical in form with those furnished by the proposed mechanism, 
but is less simple from the present point of view, and presents no 
compensating advantages. 

In detail, our suggestions are as follows. According to Bodenstein, 
Padelt, and Schumacher (loc. cit.), the homogeneous gas reactions 
ClO, + O,—> ClO, + 20, and 2Cl0, —> Cl, +- 30, require activ- 
ation energies of 11-85 and 11-48 Cals. respectively, and consequently 
take place with difficulty at room temperature. We imagine the 
latter reaction practically never thus to take place, and the former 
(8) only to do so when the ClO, group concerned is freshly formed by 
(2), and carries with it a sufficient surplus of energy derived, via the 
chlorine atom, from the absorbed quantum concerned in (1). Such 
freshly formed groups are denoted by ClO,*. Any such surplus 
energy will, of course, be dissipated during (8), and ClO, groups 
formed by (9) are not capable of continuing chain (A), which is 
therefore limited to a maximum of one term. 

This being the case, such ClO, groups [from (3) and (9)] will 
ultimately be adsorbed on the vessel walls [(4)]. We imagine that 
impact of an ozone molecule on such an isolated adsorbed ClO, 
group will, subject to an energy of activation, lead to reaction (10), 
and will be succeeded by desorption of ClO,, followed by (9). In 
addition to reaction with ozone, the reaction of ClO, groups with one 
another is also supposed to be facilitated by their adsorption and, 
relatively to (10), to a greater extent as the available surface becomes 
covered with sorbate. We imagine that their decomposition to 
chlorine and oxygen may proceed either directly [(5)], or with 
preliminary formation of Cl,O, [(6) and (7)]. Finally, we suppose the 
adsorbing and activating properties of the various glass and quartz 
surfaces used to have varied considerably, not merely from one vessel 
to another, but also from one part to another of the same cell. 

On the above basis, assuming small relative absorption of light 
and the setting up of a stationary state in the whole heterogeneous 
system, the following general expressions will hold for reaction 
velocity and for y. 


ne 2k,[Oz] 
— Sgt = MalolCle] + BxtolChal peo 
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If equations (1)—(7) only are concerned, then each of these two 
expressions contains on its right-hand side the first term only. The 
second term enters if (8) and (9) are operative, and the third term 
if (10) plays a part. In this case, it will be noticed that two other 
velocity constants for reactions taking place in the surface film 
appear, viz., k, and kg, in addition to ky). Inspection of the reaction 
scheme will also show that the liberation of oxygen in accordance 
with the first, second, and third terms of these equations takes place 
respectively on the vessel walls, in the gas space, and both on walls 
(two-thirds) and in gas space (one-third). 

An examination of the summary of experimental facts given 
earlier shows that they are adequately explained by the above 
reaction scheme. Equations (2)—(4) account for the appearance 
of mist in imperfectly dried gases, for their increase in transmission, 
and for the formation of chloric and perchloric acids. The initial 
rise and final fall are explicable by the slight warming of the gases 
during insolation, owing to (i) the absorption of light energy (Budde 
effect) and (ii) the heat of reaction (Draper effect). If the insolation 
be interrupted whilst ozone is still present in the gases, initial rise 
and final fall are consequently identical, or practically so. If, 
however, it be continued until all ozone is decomposed the final fall 
is less than the initial rise, owing to the absence of any reverse 
Draper effect. In our experiments, these Budde and Draper 
effects were of the same magnitude, the former being rather greater 
in experiments where y was low, and the latter being greater in 
experiments with high ozone concentration. Ifa mixture of chlorine 
and oxygen were insolated, the Budde effect only was obtained, 
corresponding to the final fall after complete decomposition. 

The magnitudes of these different pressure changes are not in 
complete agreement with the view put forward—thus, the reaction 
heat component of the pressure rise is relatively a little smaller than 
that calculated from the known heat of reaction, the size of the 
quantum, and the measured quantum efficiency. The probable 
cause of this difference is that, in accordance with equations (5)— 
(7), the reaction heat is liberated in the surface layers on the cell walls 
which are in direct contact with the thermostat water, whereas the 
Budde effect component is set free in the interior of the gas. 

The induction period is due to the fact that, until the stationary 
state is set up, reactions (1)—(4), which result in a pressure decrease, 
are more important than reactions (5)—(10), which bring about 
either the formation of chlorine and oxygen from the adsorbed layer 
or the transformation 20, —> 30,. The after-effect is the result 
of (4)—(7) and (9)—(10), and will cease when all ClO, in the gas 
phase and all immediately available ClO, on the wails have dis- 
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appeared. We say immediately available, as we imagine that, when 
the after-effect ceases, thereis still ClO, on thecell walls in a relatively 
stable state, either adsorbed in such a way as to make it less rather 
than more reactive, or else present as Cl,O,. And we suppose that 
the final rise, which has been shown to be a photochemical effect, 
is caused by chlorine atoms formed in the gas, no longer finding any 
ozone molecules with which to combine, arriving at the cell walls, 
and catalysing the decomposition of the deposit on them. 

The specific and local effects of surface are responsible for the 
unusually long induction period sometimes observed with freshly 
cleaned cells, and in particular, for the curious behaviour of quartz 
cells. Thus, the abnormal induction and after-effects noted in that 
case signify that k, and k, were relatively low on the quartz surface, 
with a consequent large accumulation of adsorbed ClO, during the 
early stages of the insolation. In addition, the apparent values of 
were low, and there was a tendency towards a reaction of the /®® 
type under unusual conditions of concentration and intensity. Low 
values of k; and k,, and a continued accumulation of ClO, on the cell 
walls explain these facts also. 

With regard to the general equations for the complete reactions, 
it is plain that, when [0,] is very low, the first term will be all 
important, that if k,[O,]/k, is sufficiently high, the second term will 
become significant as [O,] increases, but that at still higher values of 
[Og], 449 being now assumed to be large enough compared with k, 
and k,, the third term will tend to be the most important of the 
three. Further, as long as only the first two terms are operative, 
the velocity will be proportional to Jy, but, as the third term becomes 
prominent, so there will be a tendency towards the /°® relation. 
Expressed differently, a high rate of light absorption will favour the 
first two terms of the equations. 

The majority of the facts observed with dilute ozone mixtures 
[(a), (d), (e)] are accounted for by these first two terms. The 
second is capable of contributing a maximum of 4 to the observed y 
values. Its actual contribution varies between 0 and 1, and is 
determined by the value &,[O,]/ks, or, at constant [03], by kg. In 
accordance with considerations already discussed, k, will increase 
with increasing frequency, whence the effect of 4 on y actually 
observed. Any influence of [O,] on y in this region will clearly be 
small, and was not noticed by us. The same applies to any possible, 
but unlikely, effect of temperature. 

If the rate of light absorption falls below certain limits, then, under 
otherwise unchanged conditions, the third term increases in import- 
ance, y will rise, and the rate will no longer be proportional to the 
intensity. This agrees with (6). The same happens if [0,] be raised 
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above certain limits [(c)]. At the same time, the temperature 
coefficient, insignificant when [O,] is low, now becomes important 
[(f)]. This effect clearly is concerned with the chain mechanism, 
and is in agreement with the conclusion that (10) requires a moderate 
energy of activation. Finally, there is the fact of the very rapid 
decrease of y with time when concentrated ozone mixtures are used, 
accompanied by a tendency towards a reversion to an I, type of 
reaction, but by no abnormal immediate after-effect. This is 
expressed formally by saying that k,)/(k, + k,)®> must rapidly 
decrease as the reaction proceeds, and we suggest that it is essentially 
ki) which is affected. We have assumed that isolated adsorbed 
ClO, groups are those which react with ozone in accordance with 
(10). At the beginning of insolation, all such groups will be isolated 
and consequently reactive. As the available surface fills up, such 
groups will fall within one another’s sphere of influence, and may 
indeed unite to form Cl,0O,; and we assume that impacts of ozone 
molecules on Cl,O, molecules are unfruitful, or at least do not go 
further than the stage of Cl,0, +- O,, with no subsequent chain. 
An alternative is the assumption that only certain favoured spots 
on the cell walls can, by adsorption of ClO, groups, activate them for 
reaction with ozone. At the commencement of insolation, these 
regions are freely available, but as the reaction proceeds, and the 
surface concentration of ClO, (and Cl,O,) increases, the majority of 
the new ClO, groups formed by (2) are adsorbed at points where 
further reaction with ozone is excluded.* 

One matter remains for elucidation, viz., the magnitude of the 
effects ascribed to the adsorbed layer on the vessel walls. Con- 
sidering a 10-cm. cell, we have the following approximate data : 


Volume of cell, 190 c.c. 
Contents at 25° and 1 atmos., 4:7 « 1074 molecules. 
Molecules corresponding to 1% by vol., 4-7 x 10”. 
Molecules corresponding to 1 mm. pressure of H,SO,, 
8-2 x 10. 
Area of cell walls (sides only), 160 cm.?. 
- * », (sides and ends), 200 cm.?. 
Number of molecules corresponding to a unimolecular layer 
on walls : 
(a) Molecular diameter 4 x 10-8 cm., 1—1-25 x 10”. 
(b) Molecular diameter 2 x 10° cm., 4—5 x 10”. 


The walls being assumed to be covered with Cl,0, molecules of 
4 x 10 cm. diameter, formed from the gas phase in accordance 
with Cl, + 20, —> Cl,0,, the corresponding drop in pressure would 


* Possibly (10) necessitates prior adsorption of ozone molecules. 
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be 0-45 mm. of sulphuric acid. The decomposition of such. a uni- 
molecular layer in accordance with Cl,O,——> Cl, + 30, would 
cause & pressure rise of 0-6 mm. of sulphuric acid. 

The after-effects observed varied considerably, but in glass were 
about 0-5—l mm. The effect of the induction period on the position 
of the constant slope portion of the p-t curve was of the same order. 
In quartz these figures were far greater (Part I, Fig. 4), and some of 
the pressure changes would correspond to layers perhaps 30 mole- 
cules thick on the cell walls. The quantity of chlorine required even 
for this amount of deposit would, however, only amount to 0-07% 
by volume. In the case of the final rise, the maximum measured 
rate of pressure increase was perhaps 2-5—3 times the rate during 
the previous “‘ constant slope.”” Moreover, the net pressure increase, 
allowing for the disappearance of the reaction heat, has been seen to 
be about 2:5 mm. of H,SO,. This corresponds to an increase of 
about 20 x 10%? molecules in the gas space, or, assuming them to 
be formed in accordance with the equation Cl,O, —> Cl, + 30,, to 
the decomposition of 5 x 10 molecules of Cl,0,. This represents 
a quadrimolecular layer if the molecular diameter, as before, is taken 
as 4 x 10-8 cm. And the observed rate of development of this 
extra pressure can be plausibly explained on the assumption that 
impact of a chlorine atom on an adsorbed Cl,0, molecule brings 
about the decomposition of the latter. If, of course, to these 
molecules be attributed a diameter of 2 x 10° cm., then the layer 
photochemically decomposed during the final rise would be uni- 
molecular. 


The Thermal Reaction between Chlorine and Ozone. 


It is natural to attempt to apply our results to the corresponding 
thermal reaction, worked out by Bodenstein, Padelt, and Schu- 
macher (loc. cit.), particularly as our data with concentrated ozone 
mixtures make it likely that the two mechanisms must be very 
similar. If this is done, then it is necessary (a) to substitute Cl +- 
C10, for ClO + ClO,, given by them as the primary products of 
interaction and, (b) to assume, in accordance with our equations 
(4)—(7) and (9)—(10), that the walls of the vessel play an essential 
part in the continuance and breaking of the chains. The two points 
are, of course, in no sense related to one another, and can be con- 
sidered separately. 

We have done no work on the thermal reaction, and do not feel 
qualified to discuss it in detail, more particularly as our own tem- 
perature-coefficient measurements with concentrated ozone, which 
afford in principle one of the best means of comparison, are clearly 
only of qualitative value. What is probably the most reliable 
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figure, viz., 1-52, gives an activation energy of 7-4 Cals., which, on 
our interpretation, must be equal to g,—}q,, these being the activ- 
ation energies of the corresponding reactions of Bodenstein, Padelt, 
and Schumacher. According to these authors, ¢,—}q, is 6-11 Cals. 
It is, of course, quite possible that, at 50°, the reactions in question 
take place almost exclusively in the homogeneous gas phase, whilst 
at 25° they take place largely in the adsorbed layer, and we have 
made it clear that a doubtful point in our work is the difficulty of 
deciding to what extent the reaction ClO, +- 0,—> ClO, + 20, 
actually does take place in the gas phase. In support, however, of 
. the possibility that, even at 50°, the chain reaction may take place 
in accordance with our mechanism, we would mention one point 
which seems to render uncertain the deductions of Bodenstein and 
his colleagues. It is that, although it is twice stated elsewhere 
(Z. physikal. Chem., 1929, B, 5, 207, 234) that the reaction 2C1O, —> 
Cl, + 30, will play a very minor part at room temperature, Cl,0, 
being formed instead, nevertheless their quantitative treatment of 
the reaction mechanism essentially rests on the assumption (loc. cit., 
p. 224) that, at 15°, chlorine and oxygen are the sole products of 
reaction. 
Summary of Parts I and II. 

(1) The photodecomposition of ozone, sensitised by chlorine, has 
been studied in considerable detail with variation of concentration, 
wave-length, light intensity, and temperature. 

(2) The experimental results obtained are summarised at the 
beginning of the discussion in Part II. They include the establish- 
ment of the fact that, with high ozone concentrations and a low rate 
of absorption of light, a reaction chain is set up. 

(3) A mechanism is proposed which takes account of practically 
all the experimental data. An essential part is ascribed in this 
mechanism to the walls of the containing vessel. 

(4) The corresponding thermal reaction is briefly considered in 
the light of the newly established facts. 
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77. Selective Adsorption by Activated Charcoal from 
Solutions containing Two Organic Acids. 


By CHARLES OCKRENT. 


ALTHOUGH many investigations have been carried out on the 
adsorption by charcoal of single substances from solutions, there 
have been comparatively few attempts to investigate the simultane- 
ous adsorption from solutions containing two or more surface-active 
solutes. This matter is extremely important both for the under- 
standing of the nature of adsorption processes and for the solution 
of biochemical problems, since the latter are usually concerned with 
systems containing more than one surface-active component. 
Indeed, the difficulty in drawing conclusions from non-living systems 
for the solution of biochemical problems lies in the multiplicity of 
the factors involved in these systems. 

It was shown by Ockrent and Butler (J. Physical Chem., 1930, 34, 
2297), from an examination of the surface-tension curves of a 
number of aqueous mixtures of two surface-active solutes at the 
charged mercury interface, that if one solute was much more surface 
active than the other, then only the more surface-active solute 
appeared to be adsorbed. The few recorded investigations on 
direct adsorptions do not lend themselves to a critical examination 
of this problem of selective adsorption, since in no case do any special 
precautions appear to have been taken to ensure that the more 
surface active of the two solutes in the mixtures was present in 
sufficient quantity to saturate the adsorbing surface by itself. The 
results obtained by Rona and von Toth (Biochem. Z., 1914, 64, 288) 
on the surface displacement of glucose by the urethanes, although 
not covering a wide range of concentration, indicate that the 
urethanes cause a displacement of glucose from the surface, the 
magnitude of which varies proportionately to their adsorption ; 
and further, that the adsorption of glucose decreased from 42% to 
2% as the homologous urethanes were used in succession to displace 
it. Their results are shown below : 

Conc. of glucose in the Conc. of urethane in the 
solution, mol. /I., solution, mol./lI., 


before after before after 
Urethane. adsorption. adsorption. adsorption. adsorption. 
_— 0-050 0-029 oo: — 
Methyl 0-050 0-037 0-072 0-031 
Ethyl 0-050 0-040 0-074 0-021 
Propyl 0-050 0-046 0-070 0-009 
isoButyl 0-050 0-049 0-070 0-004 


The work of Warburg and Negelein (Biochem. Z., 1921, 113, 257) 
and Warburg (ibid., 1921, 119, 134) on the inhibition of the oxidation 
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of cystine and other amino-acids on charcoal by the addition of 
capillary-active substances is also illuminating in this connexion. 
Abderhalden and Foder (Kolloid-Z., 1920, 27, 49) found that, in 
mixtures of polypeptides or amino-acids, the solute more weakly 
adsorbed from pure solution is displaced in the mixture, but that the 
more strongly adsorbable component is even more strongly adsorbed 
from the mixture than from the pure solution. Recently, Kolthoff 
and van der Goot (Rec. trav. chim., 1929, 48, 265) have investigated 
the adsorption from mixtures of phenolic compounds. References 
to a few other papers are also given in Freundlich’s “ Capillary 
Chemistry,” (2nd English Edition, 1926, p. 199). 

In view of these results, it appeared desirable to investigate more 
systematically the problem of selective adsorption by charcoal. 
Since most of the previous work quoted was done with blood or 
animal charcoals, which almost certainly contain impurities, it was 
decided to work with a highly purified and activated charcoal. 
Moreover, in order not to obscure the results, combinations of 
surface-active solutes were chosen which did not enter into any 
obvious chemical reactions, since in some cases chemical interaction 
might be caused at a surface although it did not occur to any 
appreciable extent in the homogeneous phase. 


EXPERIMENTAL. 


Preparation of the Charcoal.—A.R. Saccharose was heated in small 
portions in Royal Dresden porcelain crucibles until all fuming ceased, 
and then until the charcoal mass glowed strongly. The rough masses 
were ground in a smooth agate mortar, which had previously been 
subjected to high-pressure steam, and the first portions were rejected 
in case they contained impurities from the mortar. In this way, 
from about 2 kg. of sugar 350 g. of fine crystalloid charcoal were 
prepared. 

Activation of the Charcoal.—In order to obtain results which so far 
as possible should be comparable, a large quantity (109 g.) of material 
was degassed and activated at one time, as follows. The charcoal 
was placed in a large, heavy-walled Pyrex tube about 30 ins. long 
and 1§ ins. in diameter, fitted closely into an electric furnace which 
had been calibrated with a platinum-—rhodium thermocouple (Fig. 1). 
Somewhat after the manner of Dubinin (Z. physikal. Chem., 1930, 
A, 150, 145), a Cenco Hyvac oil pump (0-001 mm.) being used, the 
charcoal was degassed for 3 hours at 500°, and the activation carried 
out at the same temperature. After degassing, the activating gas, 
viz., atmospheric oxygen purified as in Fig. 1, was slowly admitted 
until the pressure in the Pyrex tube was atmospheric as shown in 
the barometer, the two-way stopcock A was then connected with 
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the outlet tube, and the stream of activating gas passed through. 
The activation was continued for 2 hours at the rate of 20 litres of 
gas per hour and, with the 3 litres required to fill the apparatus to 
atmospheric pressure, a total of 43 litres was used. (Before the 
heating for degassing, 9 litres of activating gas were used to sweep 
air out of the apparatus, so the charcoal was heated in the absence 
of impure air.) To ensure uniform activation, the gas passed 
through a four-pronged Pyrex distributor which was embedded in 
the charcoal (Fig. 14). From 109 g. of material, 89 g. of activated 
substance were obtained, and on complete ignition of 1-3210 g. in 
a silica crucible no detectable residue was found, so the charcoal 
was practically ash-free. It was stored in a tightly stoppered 
separating funnel with a wide-apertured stopcock and thoroughly 


Fia. 1. 


-|| |Barometer 


as from 
yeservor 


Soda Lime. in 
——} 
J 


B. Electric furnace. D and D’. Calcium chloride and soda lime. 
C. Pyrex tube. E. Pulsimeter. 


shaken, and when required, it was obtained by running it out 
through the opened stopcock into the adsorption tubes. The 
solutions were made with carbon dioxide-free, distilled water. 

Adsorption Procedure.—In all the experiments, 25 c.c. of the 
aqueous solutions of the substances investigated were used, and 
placed in glass tubes with well-fitting ground-glass stoppers. The 
solutions were shaken with the charcoal for 1 hour by means of a 
slowly rotating series of discs to which the tubes were fastened by 
brass strips. In this way, with 4 tubes to each disc, 12 tubes could 
be evenly shaken at a time. The tubes were then placed in a 
thermostat at 25° + 0-02° and kept for about 21 hours. The solu- 
tions were then centrifuged for 10 mins. at 7500 r.p.m. and decanted. 

Analysis.—The substances investigated were weak organic acids. 
The solutions containing the single acids were analysed by titration 
with carbon dioxide-free 0-01N-sodium hydroxide solution, and a 
small correction was made for the absorption of carbon dioxide from 
the atmosphere during the titrations. 

The analysis of dilute solutions of mixtures of two organic acids 
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presents many difficulties, and after a number of trials, the following 
method was found to yield satisfactory results and appears capable 
of general application. Consider solutions containing two weak 
acids, HA and HB. If C, and C, are the concentrations of the 
anions, and C, that of the hydrogen ions, the dissociation constants 
are defined by C,Cy/Cus= K, and C;Cy/Cuy = K,. Since 
Cy = Cy, + Cy, we have 
Ci + C,Cg = K,Cy, and C2+ C,C, = K.Cus 
K,C ’ K.C 
whence (C, = ok RE” a eens ot _ EPS 
z VK iCws + K,Cuz a VK Cu + KCus 
Let the equivalent conductivities of the ions H, A, and B at 
infinite dilution be u°,, u°,, and u°,, then the conductivity of the 
solution is approximately 


A= Cyu?y + Cyu?s + Cyu’s = Cy(u°, + Un?) + Co(u’s + 4°) 
i (w°s + Un) K Cua em (u°s + U°n)K Cun 
VK Cua + K Cus VK 1Cua + KC 


which may be written as 
A= (P,Cus + P.Cus)/WK Cua + KCus- 


In mixtures in which the total acid concentration remains con- 
stant, so long as K, and K, are not very different, the conductivity 
will vary linearly with the proportions of HA and HB (Fig. 2). In 
practice, it is only necessary to assume that linearity holds over a 
much narrower range of proportions. This will be clear from the 
description of the procedure which is given below. After adsorp- 
tion, the total acid concentration of the solution may be determined 
by an accurate titration with standard alkali, and hence the total 
acid adsorbed may be found. Now the separate amounts of the two 
acids adsorbed must lie between the two limits corresponding to the 
assumptions that HA and HB respectively are alone adsorbed. If 
two solutions are made, the total concentration in each being equal 
to the total acid concentration in the solution after adsorption, and 
the concentrations of the separate acids being calculated according 
to these assumptions, all possible values of the acid concentrations 
in the solution under investigation must come within these limits. 
If we determine the conductivity of the unknown solution and that 
of the two solutions corresponding to the two extreme possibilities, 
we may determine the proportion of the total amount absorbed 
which is to be ascribed to each acid. 

The conductivity measurements were carried out at 25° + 0-02°, 
a Kohlrausch slide wire being used with a valve oscillator as a source 
of current. A two-valve amplifier was employed to amplify the 
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sound in the telephones (a loud speaker may be used instead) in the 
region of minimum sound, a very sharp balance point being obtained. 
In practice, it ts not necessary to calculate the conductivity values ; 
the direct readings of the Kohlrausch slide wire can be plotted, 
provided that for any given series of solutions the resistance in the i 
balancing resistance box be kept constant. The error arising from 
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Salicylic ......... 0-257 0-217 0-177 0-137 = =0-097 0-09 

Acetic or formic 0-160 0-200 0-240 0-280 0-320 0-327 

Total acid ...... 0-417 0-417 0-417 0-417 =0°417 0-417 
Concentration. 


the determination of the conductivity is negligible compared with 
that involved in estimating the very dilute solutions with alkali. 

A blank to determine any electrolytic material (carbon dioxide, 
etc.) obtained from the charcoal showed that this was insignificant. 

Purification of Materials—Benzoic acid was purified by repeated 
sublimation, and salicylic acid (A.R.) and o-toluic acid by repeated 
recrystallisation from hot water. Acetic acid was Kahlbaum’s best 
quality 100°, and the monochloroacetic acid was the best com- 
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mercial quality obtainable. Formic acid (A.R.) and trichloroacetic 
acid (A.R.) were used without further purification. 





Experimental Data, 


Adsorption of the Acids.—Adsorption isotherms of the following 
acids were obtained: (a) Benzoic, salicylic, o-toluic; (6) mono- 
chloroacetic, acetic, formic, trichloroacetic. The adsorptions at 
equivalent concentrations decrease in that order. 

The experimental results for the single acids are given in Table I. 





TABLE I, 
Adsorption of Separate Acids. 
Tnitial cone. Initial conc. 
(milliequivs.). C. x. x/m. (miliiequivs.). C. ®. x/m. 
Formic acid: m = 0-250 g. Benzoic acid: m = 0-250 g. 
2-52 2-357 0-163 0-652 0-25 0-117 0-133 0-532 
1-26 1-141 0-119 0-476 0-125 0-027 0-098 0-392 
0-63 0-551 0-079 0-316 0-063 0-001 0-062 0-248 
0-315 0-266 0-049 0-196 0-031 0-000 0-031 0-124 
0-158 0-126 0-032 0-128 
Acetic acid: m = 0-250 g. Benzoic acid: m = 0-100 g. 
2-49 2-243 0-247 0-988 0-25 0-199 0-051 0-51 
1-245 1-081 0-164 0-656 0-125 0-080 0-045 0-45 
0-623 0-508 0-115 0-458 0-063 0-025 0-038 0-38 
0-312 0-243 0-069 0-276 0-031 0-004 0-027 0-27 
0-156 0-116 0-040 . 0-160 
Monochloroacetic acid: m = 0-250 g. Salicylic acid: m = 0-250 g. 
2-753 2-446 0-307 1-228 0-25 0-148 0-102 0-408 
1-377 1-118 0-259 1-036 0-125 0-037 0-088 0-352 
0-688 0-487 0-201 0-804 0-063 0-006 0-057 0-228 
0-344 0-214 0-130 0-520 0-031 0-001 0-030 0-120 
0-172 0-091 0-081 0-324 
Trichloroacetic acid : m = 0-250 g. Salicylic acid: m = 0-100 g. 
1-271 1°237 0-034 0-132 0-25 0-205 0-045 0-45 
0-636 0-606 0-030 0-120 0-125 0-087 0-038 0-38 
0-318 0-299 0-019 0-076 0-063 0-032 0-031 0-31 
0-159 0-146 0-013 0-052 0-031 0-012 0-019 0-19 
Trichloroacetic acid: m = 0-100 g. o-Toluic acid: m = 0-250 g. 
1-271 1-258 0-013 0-130 0-125 0-048 0-077 . 0-308 
0-636 0-625 0-011 0-110 0-084 0-020 0-064 0-256 
0-318 0-309 0-009 0-090 0-063 0-009 0-054 0-216 
0-159 0-153 0-006 0-060 0-042 0-003 0-039 0-156 
0-080 0-076 0-004 0-040 0-031 0-000 0-031 0-124 


For benzoic, salicylic, and trichloroacetic acids, isotherms were 
obtained with 0-250 and 0-100 g: of charcoal : the separate isotherms 
were in satisfactory agreement. A number of isotherms are shown 
in Figs, 3 and 4, the co-ordinates being x/m (2 = no. of milliequivs. 
adsorbed, m = weight of charcoal) and C = final concentration. In 
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all the tables and figures the concentrations refer to the number of 
milliequivs. per 25 ¢.c. of solution. 


0-6 
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C. 
Benzoic f-O-o- 0-250 g. of charcoal. Salicylic f —A-A- 0-250 g. of charcoal. 
; to F bot 
acid \-0-O- 0-100 af p” acid | A-A 0-100 - a> 


o-Toluic acid ~T)-(]-. 


The curves for the three aromatic acids show that at the highest 
concentrations the adsorptions are approaching the saturation 
values. Those for the aliphatic acids show that the saturation 
values are attained much more slowly in these cases, 


Kia. 4. 


a/m. 








| l L | - 
0-4 0-8 1-2 1-6 20 ° 24 
C. 
Acetic acid -O-O-. Formic acid -(]-(]-- Monochloroacetic acid —A-/A-. 





Adsorption of Mixtures of Acids.—The scheme was to take one of 
the strongly adsorbed acids at a concentration which approached 
the saturation adsorption value and mix this with a suitable con- 
centration of a less strongly adsorbed acid. 
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The experimental data are given in Table II. In column A, 
which refers to the separate acid solutions, the adsorption of the 
less strongly adsorbed acid is expressed as a decimal of that of the 


TABLE II. 
Adsorption of Mixtures of Acids. 


Adsorptions (more strongly 
adsorbed acid = 1). 





Initial Adsorptions ; 
conc. Separate from A. B. From 
(milliequivs.). adsorptions. mixtures. Separate. mixtures. 


Benzoic acid (HB) and salicylic acid (HS): m = 0-100 g. 
HB. HS. HB. HS. HB. HS. HB. HS. HB. HS. 


0-25 0-125 0-051 0-038 0-037 0-015 1 0-757 1 0-405 
0-125 0-:0625 0-045 0-031 0-036 0-0105 1 0-698 1 0-292 


Benzoic acid (HB) and acetic acid (HAc): m = 0-250 g. 
HB. HAc. HB. HaAc. HB. HaAc. HB. HaAc. HB. HaAc. 
0-25 0-623 0-133 0-115 0-130 0-039 0-859 0-301 
0-25 0-312 0-133 0-069 0-129 0-020 0-520 0-155 
0-25 0-156 0-133 0-040 0-121 0-017 0-303 0-141 
0-125 0-623 0-098 0-115 0-102 0-044 1-167 0-429 
0-125 0-312 0-098 0-069 0-103 0-026 0-706 0-253 
0-125 0-156 0-098 0-040 0-087 0-023 0-411 0-264 


Benzoic acid (HB) and formic acid (HF): m = 0-250 g. 
HB. HF. HB. HF. HB. HF. HB. HF. HB. HF. 
0:25 0-63 0-133 0-079 0-135 0-036 1 0-594 l 0265 


0-25 0-315 0-133 0-049 0-139 0-0183 1 0-368 1 0-132 
0:25 0-158 0-133 0-032 0-135 0-011 1 0-238 1 0-082 


Benzoic acid (HB) and trichloroacetic acid (HX): m = 0-250 g. 

HB. HX. HB. HX. HB. HX. HB. HX. HB. HX. 
0-25 1-271 0-133 0-034 0-099 0-0 1 0-252 1 0-0 
0-25 0-636 0-133 0-030 0-121 0-0 1 0225 H 0-0 
0-125 1-271 0-098 0-034 0-098 0-0 1 0-343 1 0-0 
0-125 0-636 0-098 0-030 0-103 0-0 1 0-305 1 0-0 

Salicylic acid (HS) and acetic acid (HAc): m = 0-250 g. 

HS. HaAc. HS. HaAc. HS. HaAc. HS. HAc. HS. HaAc. 
0-25 0-623 0-102 0-115 0-089 0-050 1-128 1 0-565 
0-25 0-312 0-102 0-069 0-097 0-0313 0-683 1 0-323 
0-25 0-156 0-102 0-040 0-101 0-016 0-398 1 0-158 
0-125 0-312 0-088 0-069 0-079 0-045 0-786 1 0-570 
0-125 0-156 0-088 0-040 0-086 0-0315 0-458 1 0:368 


Salicylic acid (HS) and formic acid (HF): m = 0-250 g. 

HS. HF. HS. HF. HS. HF. HS. HF. HS. HF. 
0-25 0-63 0-102 0-079 0-101 0-060 1 0-781 l 0-596 
0:25 0-315 0-102 0-049 0-103 0-041 1 0-483 1 0-400 
0-25 0-158 0-102 0-032 0-111 0-0215 1 0-312 1 0-195 

o-Toluic acid (HT) and monochloroacetic acid (HY): m = 0-250 g. 

HT: BY: HT. HY. HT. HY. HT. HY. HT. HY. 

0-125 0-688 0-077 0-202 90-0788 0-100 1 ..2-62 L...1-27 


0-125 0-344 0-077 0-130 0-0858 0-0643 1 1-69 1 0°75 
0-125 0-172 0-077 0-081 0-0826 0-027 1 1-108 1 0-327 
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more strongly adsorbed acid, which is taken as unity; this inform- 
ation is obtained from the data in Table I. In column B this is also 
done for the same acids at the same initial concentrations in the 
mixtures. In some cases in column A the more weakly adsorbed 
acid has values greater than unity; this is due to the fact that it is 
present in much larger concentration than the corresponding strongly 
adsorbed acid, so that, although the absolute amount adsorbed may 
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be greater, the amount adsorbed at equivalent concentrations 
is less. 

In Figs. 5 and 6 the amounts adsorbed of the weakly adsorbed 
acids in the single-acid solutions are compared with their amounts 
adsorbed in the mixtures. Although in these mixtures the amounts 
adsorbed of the strongly adsorbed acids, benzoic, salicylic, and 
o-toluic, vary comparatively slightly in the positive or negative 
direction from their amounts adsorbed when present alone, yet it is 
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obvious that in the mixtures the adsorptions of the weakly adsorbed 
acids have diminished appreciably. 

From Table II, cols. A and B, it is seen that in every mixture the 
acids are not adsorbed in amounts proportional to their adsorptions 
when separate, but that the normally more strongly adsorbed 
constituent is selectively adsorbed. For example, in the first case 
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in the table, although the ratio of the separate adsorption of benzoic 
acid to that of salicylic acid is 1 : 0-757, yet in the mixture this 
becomes 1 : 0-405. With mixtures of benzoic and acetic acids this 
selective tendency becomes even more pronounced; this is to be 
expected, since acetic acid is less adsorbed than salicylic acid. | 
Similar results are obtained with the benzoic-formic acid mixtures. | 
In the mixtures of benzoic with trichloroacetic acid there appears to | 
be complete selective adsorption of the former, no trichloroacetic 
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acid being adsorbed at all; the latter, being the most weakly 
adsorbed of all the acids investigated, as expected, shows least 
adsorption in the mixtures.* 

In the mixtures of salicylic and acetic acids also, selective adsorp- 
tion of the more strongly adsorbed salicylic acid is very marked. 
Moreover, since the adsorption of the latter acid is less than that 
of benzoic acid, it is found, as expected, that the relative decrease 
in the amount of acetic acid adsorbed in presence of benzoic acid is 
greater than in the presence of salicylic acid. Similar results are 
obtained with the salicylic-formic acid mixtures (Figs. 5 and 6). 

In the mixtures of 0-toluic and monochloroacetic acids strongly 
pronounced selective adsorption of the former acid is also found in 
every case. 

Discussion. 

Adsorption of the Acids.—According to the kinetic treatment of 
Langmuir (J. Amer. Chem. Soc., 1918, 40, 1360), if the rate of adsorp- 
tion is proportional to the concentration of solute in the solution 
and to the fraction of surface unoccupied by the solute molecules, 
and the rate of desorption is proportional to the surface concen- 
tration (i.e., the amount adsorbed), then for equilibrium, 


| ae) es 


where C is the concentration of solute in the solution, A the surface 
area occupied by an adsorbed molecule, I the number of molecules 
adsorbed per unit area, and k a constant. Equation (1) can be 
written in the form 


QlQ—AT)T=k/C . . >. ew Q) 
and Rifas BP 'A 3 OP orgy 
or 1/l = k/C + 1/T ax. 


If this equation holds, then 1/T' plotted against’ 1/C should give a 
straight line, the slope of which is k, and the intercept on the axis 
at A, i.e., where I’ is a maximum and all the available adsorbing 
surface is covered with a unimolecular layer of adsorbed molecules. 
Figs. 7 and 8 show that, except for the points representing the 
smallest concentrations of formic and acetic acids, the experimental 
data are in excellent agreement with equation (3). It thus appears 
that the adsorption of the acids by the activated charcoal is definitely 
a surface phenomenon, and is conditioned, as in the postulates of 
Langmuir’s treatment, by a competition for the available surface 


* As trichloroacetic acid is a fairly strong acid, it might invalidate the 
method of conductivity analysis; since, however, the conductivities of the 
solutions under investigation exactly coincided with those of the solutions 
made up on the assumption that only benzoic acid was adsorbed, this dis- 
turbing effect does not operate in these cases. 
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of the surface, etc., has been kept in mind from the outset, and the 
close agreement with the requirements of Langmuir’s equation is 
regarded as satisfactory. An excellent extrapolation to the value 





between the solute and the solvent molecules. The possibility that 
adsorption by charcoal is not a true surface phenomenon, but is 
complicated by such effects as capillary condensation, complexity 
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of A(i.e., 1/Tnax) can be obtained from the curves; I, the 
amount adsorbed, is the experimental quantity obtained per gram 
of adsorbent, and as the available surface is not known, it is not 
possible to calculate the values of A in absolute but only in relative 
units. The values of A and k, and those of I extrapolated from 
the curves, for maximum adsorption are given in Table IIT. 


TaBxz III. 

Acid. Imax. (milliequivs.). k. A. 
ee 1-0 1-15 1-0 
aa CARL arcane 1-33 0-70 0°75 
CNEMDEED cccetccsccscces 1-33 0-25 0°75 
I ids asesonneniiians 0-168 18 5-95 
Co gOO GH «iss. .ceecciecs. 0-541 0-023 1-85 
C,H,(OH)-CO,H .......... 0-476 0-031 2-10 
C,H, Me-CO,H .......20... 0:37 0-019 2-7 


The values of A may differ because either (1) the surface area of 
the charcoal available for the adsorption of the different acids is 
different, or (2) the available area is the same for all the acids, but 
that occupied by a molecule of the different acids is different. The 
figures are in accordance with the second hypothesis. Acetic, 
monochloroacetic, and formic acids have nearly the same value of A 
(that of formic acid being somewhat greater), whilst the value for 
trichloroacetic acid is about 6 times greater, and the aromatic acids 
have areas from 2 to 3 times that of acetic acid. The values of A 
obtained are in reasonable agreement with what the areas of these 
molecules might be expected to be. 

Adsorption from Mixtures of Acids.—It has been shown by Butler 
and Ockrent (J. Physical Chem., 1930, 34, 2841) that Langmuir’s 
theory can be extended to the adsorption of two solutes from 
solution. Ifthe amounts of two substances adsorbed from a solution 
are [', and I’, in which their concentrations are C, and C, and the 
areas occupied by the adsorbed molecules are A, and A, respectively, 
then the fraction of the surface area unoccupied is 1 — A,I',.— A,I, 
and for equilibrium for both solutes, 


k,l, = C,1— A,Ty— Aly). «§ - - (4) 
therefore T/T, = BCi/k,C, . - « © « «© + 


Fig. 9 shows that for most cases I’,/I',, in accordance with (6), 
varies approximately linearly with C,/C,. The slopes of these 
curves should be equal to k,/k,; Table IV shows that in nearly all 
cases the observed slope is considerably greater than that calculated 


from the constants of the single acids, 
Y 
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TABLE IV. 


Acid. k,/k,, obs. k,/ky, cale. 
Formic (in 0°25 bemzoic) —.......seeeseeeeees 0-038 0-02 
Acetic (in 0°25 benzoic) ..........seeeeeeeees 0-069 0-033 
Formic (in 0-25 salicylic) .................0+++ 0-160 0-027 
Acetic (in 0°25 salicylic) ..........sceeeeeeeee 0-163 0-044 
Monochloroacetic (in o-toluic) ...........- 0-10 0-076 


Markham and Benton (J. Amer. Chem. Soc., 1931, 53, 497) 
recently applied similar equations to the adsorptions of gas mixtures 
by silica. They found that in mixtures of carbon monoxide and 
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oxygen at 0° and 100°, the adsorption of each gas was diminished 
appreciably by the presence of the other. The oxygen adsorbed, 
however, was more than that calculated from the equations and the 
reverse was found for carbon monoxide. In mixtures of carbon 
dioxide with oxygen or carbon monoxide, the adsorption of the 
dioxide was many times greater than that of the second component, 
but the amounts of either carbon monoxide or oxygen adsorbed were 
greater than the calculated quantities. Linear curves were obtained 
for the mixtures of carbon monoxide and oxygen, but not for the 
mixtures containing carbon dioxide. The authors suggested that 
in some cases the anomalies might be accounted for by “ a decrease 
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in the rate of evaporation of a given molecule by the presence in an 
adjacent space of a molecule of a second gas.” 

It is possible that similar considerations might account for the 
difference between the observed and calculated slopes in the cases 
investigated here : thus, the constant & for the adsorption of acetic 
acid alone by activated charcoal may differ considerably from that 
for the adsorption of acetic acid by a surface nearly saturated with 
benzoic acid. It is also possible that, when applied to molecules 
having different surface areas, Langmuir’s equation requires modi- 
fication. This equation assumes that the chance of a molecule being 
adsorbed is proportional to the surface area unoccupied. Now the 
unoccupied area will consist of patches of different sizes, some of 
which may be too small to receive a molecule from the solution, and 
its effective area will be correspondingly diminished, and the more 
so the greater the size of the molecule; hence the adsorption of 
large molecules may be expected to be less than Langmuir’s equation 
indicates. This is, in fact, found to be the case, for we have k,/k, 
obs. > k,/k, cale. or (from 6) T,/I, obs. > T/T, cale.; k, refers 
in all cases in Table IV to the larger (aromatic) molecule. 

The mixtures of benzoic and trichloroacetic acids are of special 
interest, since, not only are these the most highly adsorbed and the 
least adsorbed substance respectively, but also the surface area 
occupied by the molecules of the latter is very much greater (3 times) 
than that occupied by the benzoic acid molecule. A competition 
for the vacant spaces of the adsorbing surface will be influenced by 
the size of the patches and will be overwhelmingly in favour of the 
benzoic molecules, so it is not surprising to find complete selective 
adsorption of the benzoic acid. The contrary is the case, however, 
in the mixtures of benzoic acid with the other aliphatic acids, and so, 
quite apart from the influence of adsorbability, the spatial effect 
will also be of some (though secondary) importance and to some 
extent will mitigate the influence of the greater adsorbability of 
the benzoic acid. The same considerations apply to all the other 
mixtures. 

In the most concentrated mixtures, 7.¢e., the first member of each 
series in Table II, although the total amount adsorbed from the 
mixtures is not constant, yet the total area occupied (i.e., A,T, + 
A,I,) is very nearly the same in all cases. With the exception of 
mixture 3 (Table V), the total area occupied is constant within the 
experimental error and corresponds fairly closely to the saturation 
value. The figures in the last column of Table V are the calculated 
comparative areas. The amounts adsorbed, which are taken from 
Table II, are for 0-250 g. of charcoal; the adsorptions per g. are 
therefore 4 times these quantities, and these values are used. 
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TABLE V. 
Amount Surface Amount Surface Total surface 
adsorbed, occupied, adsorbed, occupied, occupied, 
fy AJ;. i. A,!y. Al, + Ady 
1. Benzoic acid, Acetic acid. 
0-520 0-962 0-156 0-117 1-08 
3. Benzoic acid. Formic acid. 
0-540 0-999 0-143 0-143 1-14 
3. Salicylic acid. Acetic acid. 
0-354 0:743 0-200 0-150 (0-89) 
4. Salicylic acid. Formic acid. 
0-404 0-848 0-240 0-240 1-09 
5. o-Toluic acid. Monochloroacetic acid. 
0-315 0-851 0-400 0-300 1-12 


It has been suggested that different substances are adsorbed on 
different active patches of the adsorbing surface (e.g., Taylor, J. 
Physical Chem., 1926, 30,145). The results of this investigation sup- 
port the conclusion that the adsorption of the different acids occurs 
on the same surface. It is, of course, possible that with substances 
of different types distinct adsorption areas might be found. 

The agreement of the saturation adsorption areas for the mixtures 
seems to exclude the possibility of chemical interaction between the 
adsorbed acids, since the calculation of these areas involves the 
separate adsorption of the acids. 

The phenomenon of selective adsorption, unobscured by the 
possibility of surface interaction between the two adsorbed solute 
molecules, throws considerable light on the results obtained by 
Phelps and Peters (Proc. Roy. Soc., 1929, A, 124, 584) on the adsorption 
of weak organic acids by charcoal. They found that the adsorption 
was proportional to the amount of undissociated acid, and that only 
the undissociated molecules appear to be adsorbed. Phelps (ibid., 
1931, A, 133, 155) has further shown that similar considerations 
apply to the weak organic bases. This becomes easily explicable 
when it is remembered that, in accordance with the theory of selective 
adsorption, it is to be expected that in a mixture containing strongly 
adsorbable undissociated molecules and weakly adsorbable ions 
(arising either from the presence of salt or by slight dissociation of 
the acid or base), the more strongly adsorbable component will be 
preferentially adsorbed. 

Hydrolytic Splitting.—To find how the salt of a weak organic 
acid behaves, measurements of the adsorption of sodium salicylate 
from aqueous solutions were attempted. Ifthe sodium and salicylate 
ions are adsorbed in equal amounts, it is possible to determine the 
change of concentration of the salt by measuring the conductivities 
of the solution before and-after adsorption, and finding the change 
in concentration from the concentration—-conductivity curve. In all 
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the experiments, 25 c.c. of a number of solutions were taken with 
0-250 g. of charcoal, the adsorption procedure being the same as that 
employed with the acids. The results are in Table VI. The py’s of 








TABLE VI. 
Conductivity pu 
Conc, of salt r —~ , — 
(milliequivs.). before ads. after ads. before ads. after ads. 
2-5 0-0153 0-0152 6- 7:7 
1-25 0-00809 0-0079 6-1 7:8 
0-625 0-00423 0-00406 6-1 7-7 
0-313 0-00219 0-00202 6-9 (2) 7:8 
0-157 0-00113 0-00100 7-0 (2) 7:7 


the solutions were also measured before and after adsorption with 
the combination of a normal calomel and a bubbling hydrogen 
electrode. 

The conductivity measurements do not indicate that any marked 
adsorption has occurred, but the py values have changed very 
markedly towards the alkaline side. If the salicylate ion alone has 
been adsorbed, leaving a preponderance of sodium ions in the 
solution, these will be neutralised by hydroxyl ions provided by 
hydrolytic splitting, and an equivalent amount of hydrogen ions will 
be available for the formation of salicylic acid in the charcoal 
surface; the solution will thus become alkaline and no very marked 
change is to be expected in the conductivity since an equivalent 
amount of hydroxyl ion is present in the solution to replace the 
salicylate taken up by the charcoal. This phenomenon of hydrolytic 
splitting established by Miller and his co-workers (Colloid Symp. 
Monograph, 1927, 5, 55) is thus accounted for by the preferential 
adsorption of the more strongly adsorbable salicylic acid, and is 
fully in accord with the theory of selective adsorption. 


Summary. 


1. A method for determining the concentrations of mixtures of 
small amounts of two weak acids in solution has been devised. 

2. The adsorption isotherms of benzoic, salicylic, o-toluic, mono- 
chloroacetic, acetic, formic, and trichloroacetic acids have been 
obtained at 25° + 0-02° with activated ash-free sugar charcoal. 
The adsorptions at equivalent concentrations are in the order 
given. 

3. The results obtained are in good agreement with the Langmuir 
adsorption isotherm, 1/[f = k/C + A or 1/f = k/C.+ 1/Tmax, and 
a finite adsorption area for the charcoal surface is indicated by the 
experiments. 

4. The maximum adsorption (I'y,x) for the different acids has 















630 SELECTIVE ADSORPTION BY ACTIVATED CHARCOAL, ETO. 


been extrapolated from the curves, and the relative areas occupied 
by the acid molecules have been calculated : they are in agreement 
with the generally accepted sizes of the molecules. — 

5. The adsorptions from solutions of several series of mixtures 
containing two acids have been determined. In no case are the 
amounts of the acids adsorbed proportionate to their adsorptions 
when separate, but in every case the strongly adsorbed acid is 
selectively adsorbed from the mixture. In one series of mixtures 
containing benzoic and trichloroacetic acids, the former is exclusively 
adsorbed. 

6. It has been shown that, if in a series of mixtures the more 
strongly adsorbed acid is replaced by a rather less strongly adsorbed 
acid, then the depression of the adsorption of the second, weakly 
adsorbed, component is decreased. 

7. Langmuir’s theory applied to adsorptions from mixtures 
containing two surface active components requires that T/T, = 
k.C,/k,C,; 1T,/T, is found to be proportional to C,/C, but the 
proportionality constant does not agree with that calculated from 
the isotherms of the single acids. It is suggested that for molecules 
occupying different surface areas Langmuir’s theory may require 
modification. 

8. For the most concentrated mixtures of each series, while the 
total adsorption (in g.-mols.) of both acids from each of the different 
mixtures is not constant, it has been shown that the total surface 
area occupied by the molecules of the two adsorbed acids is constant. 
The results indicate that the acids are all adsorbed on the same 
surface of the charcoal. 

9. The observations of Miller on the hydrolytic splitting of salts 
of weak acids by ash-free charcoal have been confirmed. The 
phenomenon can be accounted for as an example of selective 
adsorption. 


I gladly acknowledge my deep indebtedness to Dr. J. A. V. Butler 
for his many helpful suggestions and encouragement. I have also 
to thank the Carnegie Trust for a Research Scholarship during the 
tenure of which this investigation has been carried out. 


Kine’s BuILpines, 
UNIVERSITY OF EDINBURGH. [Received, December 10th, 1931 
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78.—A New Alkaloid from Holarrhena antidysen- 
terica Seeds, 


By Rosert Downs Haworrsa. 


StenHOvUSE (Pharm. J., 1864, 5, 493) isolated the alkaloid conessine 
from the seeds of Holarrhena antidysenterica, and the purification of 
the alkaloid by means of its hydrogen oxalate is described by Kanga, 
Ayyar, and Simonsen (J., 1926, 2123) and by Spath and Hromatka 
(Ber., 1930, 63, 126), both of whom give references to the earlier 
work. 

Owing to the kindness of Professor J. L. Simonsen, the author was 
supplied with an extract of the seed, in a state sufficiently pure for 
direct conversion into conessine hydrogen oxalate as described by 
previous workers. The hydrogen oxalate separated from the 
alcoholic solution in colourless prisms, m. p. 260° (decomp.), and 
recrystallisation from alcohol or water did not affect the melting 
point. As pure conessine hydrogen oxalate melts at 280° (decomp.), 
the oxalate, m. p. 260°, was basified and the product crystallised 
from acetone. Pure conessine was obtained, but the mother-liquors 
contained a second base, which was detected by means of its di- 
methiodide. It was then found that this new base was present in 
larger quantity in the alcoholic oxalic acid liquors from which the 
hydrogen oxalate, m. p. 260°, had been separated. These were basi- 
fied and extracted with ether, and the product was distilled at 0-7 
mm.; a viscous oil was then obtained. This still contained some 
conessine, which was removed by a rather tedious fractional crystal- 
lisation of the hydrogen oxalates. The tail fractions yielded the 
hydrogen oxalate of the new base in colourless nodules, m. p. 225° 
(decomp.), from which the base C,,H,,N, has been obtained as a 
colourless oil, b. p. 240°/0-7 mm., which has not been obtained in 
the crystalline state. The base, which is dextrorotatory in alcoholic 
solution, contains three methylimino-groups and is diacid. The 
salts, of which the dihydragen dioxalate and dihydrochloride have been 
obtained crystalline, are very soluble in alcohol and water. The new 
base is not identical with any of the bases isolated from the bark of 
Holarrhena antidysenterica (Ghosh and Ghosh, J. Indian Chem. Soc., 
1928, 4, 477) and owing to its similarity to conessine the name 
norconessine is suggested. 

Norconessine is converted into dihydroxynorconessine by the 
action of potassium iodate and dilute sulphuric acid, a reaction which 
in the case of conessine is assumed to be due to addition to an 
ethylenic bond (Giemsa and Halberkann, Arch. Pharm., 1918, 256, 
201). When dihydroxynorconessine is heated above its melting 
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point, it decomposes and the vapours give the pyrrole reaction with 
a pine shaving. 

The most characteristic derivative of norconessine is its dimeth- 
iodide, which is very different from conessine dimethiodide in crystal- 
line form and solubility, but resembles it closely in its behaviour on 
exhaustive methylation. Thus, on evaporation, the corresponding 
dimethohydroxide solution loses trimethylamine and water and 
yields aponorconessine, Cy9H,,N, b. p. 190—192°/0-2 mm., from 
which a crystalline picrate, methiodide, and methochloride have been 
prepared. The metho-salts of aponorconessine resemble those of 
apoconessine and the nitrogen cannot be removed by treatment with 
silver oxide or sodium hydroxide. Spath and Hromatka (loc. cit.) 
obtained a hydrocarbon by the action of sodium amalgam on 
apoconessine methochloride, but aponorconessine methochloride 
under similar conditions was converted into a quaternary salt, 
presumably dihydroaponorconessine methochloride, which, when 
distilled, yielded dihydroaponorconessine, b. p. 190°/0-3 mm., from 
which a crystalline picrate has been obtained. 

Owing to the kindness of Dr. T. A. Henry the physiological action 
of norconessine dihydrochloride has been examined at the Wellcome 
Research Laboratories and the pharmacological results will be pub- 
lished elsewhere by Dr. A. C. White. The pharmacological pro- 
perties of norconessine resemble those described for conessine by 
Burn (J. Pharm. Exp. Ther., 1914, 6, 305) and by Chopra, Gopta, 
David, and Ghosh (Indian Med. Gaz., 1927, 62, 132). In experi- 
ments made by Dr. G. M. Findlay, norconessine was less active than 
conessine in killing the Entameba histolytica on a buffered serum 
medium and both were much less active than emetine. 


EXPERIMENTAL, 


The crude conessine extract obtained from Professor Simonsen 
was made as follows : The seeds were exhausted with light petroleum, 
until free from oil, and mixed with excess of milk of lime, and the 
alkaloid extracted with petroleum. Although slower, this method 
gives a cleaner product than the alcohol extraction method described 
in J., 1926, 2123. The total bases were removed with dilute hydro- 
chloric acid and after basification were taken up in ether and dried, 
and the solvent removed. 

The dried extract (100 g.) in hot alcohol (100 c.c.) was added to a 
solution of oxalic acid (100 g.) in alcohol (200 c.c.). On cooling, 
conessine hydrogen oxalate (70 g.), m. p. 260° (decomp.), separated 
in colourless prisms, which yielded conessine (40 g.), m. p. 121°, after 
basification and crystallisation from acetone. The mother-liquors 
were concentrated, diluted with water, sodium hydroxide added, 
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and the oil extracted with ether, dried, and distilled. The oil (30 g.), 
b. p. 240—245°/0-7 mm., was again converted into hydrogen oxalate 
by treatment with oxalic acid (30 g.) : the stout prisms (15 g.), m. p. 
245—250°, obtained still contained considerable quantities of cones- 
sine hydrogen oxalate. The mother-liquors were reconverted into 
base (20 g.), which was combined with oxalic acid (20 g.) for the 
third time; a hydrogen oxalate (15 g.) then separated in stout 
nodules, m. p. 225—227° (decomp.). Norconessine, obtained by 
the action of sodium hydroxide on the hydrogen oxalate, m. p. 225— 
227°, is a colourless viscid oil, b. p. 238—240°/0-7 mm. (Found : 
C, 80-4, 80-5; H, 11-3, 11-0; N, 8-4, 8-5; NMe, 20-6. C,,H;,N, 
requires C, 80:7; H, 11-2; N, 8-2; NMe, 25-4%). It is excessively 
soluble in the usual organic solvents and in acids, but insoluble in 
water. In absolute alcoholic solution the base had [ap] -+6-7° 
(l=1, c=2-245, ap=0-15°). The dihydrogen dioxalate separated from 
alcohol or from a little water in colourless nodules, m. p. 225—227° 
(decomp.) (Found : C, 61-8, 61-9; H, 8-5, 8-3. C,,H,.O,N, requires 
C, 62-1; H, 8-1%). The dihydrochloride, precipitated by passing 
dry hydrogen chloride into an ethereal solution of the base, crystal- 
lised from alcohol-acetone in slender needles, m. p. 340° (decomp.) 
(Found: Cl, 17-5. C,,3H,,N,,2HCl requires Cl, 17-1%). The di- 
methiodide was prepared as follows: Norconessine (5 g.), methyl 
iodide (5 c.c.), and methyl alcohol (50 c.c.) were heated under reflux 
for 3 hours. The excess of methyl iodide and some methyl alcohol 
were removed by distillation and the residue was cooled. Norcones- 
sine dimethiodide (7 g.) separated in very pale yellow prisms, m. p: 
310—312° (decomp.), and a second crop (1-7 g.) was obtained by 
concentration of the liquors (Found: C, 47-7; H, 7-7; I, 40-2. 
C,;H,,N,I, requires C, 47-9; H, 7-1; I, 40-4%). The dimeth- 
iodide is almost insoluble in acetone, sparingly soluble in methyl 
alcohol, and soluble in water. 

Dihydroxynorconessine.—Potassium iodate (2 g.) was added to a 
warm solution of norconessine (2 g.) in dilute sulphuric acid. The 
iodine, which was rapidly liberated, was removed by boiling the 
solution, which was then filtered and made alkaline with sodium 
hydroxide, and the dihydroxynorconessine collected and crystallised 
from aqueous alcohol; small colourless needles, m. p. 264—266°, 
were obtained (Found: C, 72-8; H, 11:5. C,3H O,N, requires 
C, 72-6; H, 116%). Dihydroxynorconessine dissolves in dilute 
mineral acids and, when heated above its melting point, it decom- 
poses, giving vapours which give a pink colour on a pine shaving 
moistened with hydrochloric acid. 

Aponorconessine.—A solution of norconessine dimethiodide (11 g.) 
in water (100 c.c.) was shaken with an excess of freshly precipitated 
x2 














634 A NEW ALKALOID FROM HOLARRHENA ANTIDYSENTERICA SEEDS. 


silver oxide, and the filtered liquid evaporated on the water-bath 
under reduced pressure. The distillate was absorbed in dilute hydro- 
chloric acid and evaporated to dryness, and the residue identified 
as trimethylamine hydrochloride by conversion into the picrate and 
chloroaurate. The residue was mixed with water and extracted 
with ether, and the oil obtained from the dried extract was distilled. 
Aponorconessine (3 g.) was obtained as a colourless oil, b. p. 190— 
192°/0-2 mm. (Found : C, 85-5; H, 10-0. C,,H,,N requires C, 84-9; 
H, 10-6%). This base is readily soluble in organic solvents, including 
methyl alcohol, in which apoconessine is sparingly soluble. It also 
dissolves in dilute mineral acids and the salts are much more soluble 
than those of conessine. The picrate, prepared in methyl-alcoholic 
solution, is sparingly soluble in methyl alcohol, ethyl alcohol, and 
ethyl acetate and crystallises from glacial acetic acid in long yellow 
needles, m. p. 244—245° (Found: C, 62:2; H, 6-8. C,.H,,0,N, 
requires C, 62-2; H, 68%). The methiodide, prepared by heating 
the base with methyl iodide in a sealed tube at 100°, was readily 
soluble in alcohol and crystallised from boiling water, in which it was 
sparingly soluble, in colourless needles, m. p. 274—276° (Found : 
C, 61-1; H,81. C,,H,,NI requires C, 60-9; H,8-0%). The metho- 
chloride, prepared by the action of silver chloride on the methiodide, 
crystallised from hot water in felted needles. The methiodide was 
decomposed with silver oxide, and treated as described in the 
preparation of aponorconessine. No hydrocarbon was obtained 
and neutralisation of the residue with hydriodic acid yielded 
aponorconessine methiodide. 

When the methochloride in hot aqueous solution was treated with 
sodium amalgam for 24 hours, no hydrocarbon was produced. The 
solution was neutralised with hydrochloric acid, potassium iodide 
added, the precipitate collected and decomposed with silver oxide, 
and the product distilled. An oil, b. p. 190°/0-3 mm., was obtained, 
which was converted into a picrate: this crystallised from glacial 
acetic acid in yellow plates, m. p. 260° (decomp.) (Found: C, 61-7; 
H, 7-0. C,,H,,0,N, requires C, 62:0; H,7-0%). The analytical 
figures indicate that the oil, b. p. 190°/0-3 mm., is dihydroaponor- 
conessine. 


The author wishes to thank Mr. C. R. 8S. Tenniswood, M.Sc., for 
most of the analytical results. 


UNIVERSITY OF ARMSTRONG COLLEGE, DURHAM, 
NEWCASTLE-UPON-TYNE. [Received, January 21st, 1932.) 
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79. Some Reactions of Tungsten Hexachloride. 
By ARTHUR JAMES CooPER and WILLIAM WARDLAW. 


In a previous communication (Wardlaw and Webb, J., 1930, 2100) 
it was shown that molybdenum pentachloride reacted with a wide 
range of organic substances, and it was considered that much of the 
conductivity data relating to solutions of this pentachloride in 
organic solvents was thereby invalidated. It is interesting to find 
that conductivity data are also recorded (Fischer and Roderburg, 
Z. anorg. Chem., 1913, 81, 170) for tungsten hexachloride in a large 
number of organic solvents. In certain solvents, such as carbon 
disulphide and carbon tetrachloride, there is evidence that it behaves 
as a non-electrolyte. There seems little doubt that in these solvents 
the hexachloride dissolves unchanged in composition, and that we 
can accept the results as indicating that it is a covalent compound. 
However, the conductivities for solutions in acetone and ethyl and 
methyl alcohols must be received with caution, for in these solvents 
the hexachloride can be shown to be even more reactive than 
molybdenum pentachloride. The reactivity of the hexachloride 
is well shown by the reaction with dry ammonia in the cold; Rideal 
states (J., 1889, 55, 44) that white fumes of ammonium chloride 
are produced and a black powder having a semi-metallic lustre 
is obtained. This substance he considers to be W,N;. The form- 
ation of this compound is of special interest, for it shows that the 
reaction is a complex one and not merely a simple decomposition 
between the ammonia and the hexachloride. In the reaction 
product the tungsten is no longer sexavalent. 

It was thought that by use of a solvent such as carbon tetra- 
chloride and a base like pyridine it ought to be possible to produce a 
co-ordination compound of the type WCl,,7C;H;N. Instead, we 
obtained a green insoluble swhstance which on analysis proved to be 
(C;H,N),[WOCI,,H,O]. Here was a clear indication that the initial 
reaction results in a change of valency from 6 to 5, and that the 
pentachloride initially formed was decomposed by traces of moisture 
in the pyridine and the solvent to give the oxychloride, WOCI,, and 
hydrogen chloride. We attempted to exclude moisture completely 
from the reaction mixture but always obtained this green substance. 
Collenberg and Olsson (Z. anorg. Chem., 1918, 102, 247) had previously 
tried to prepare the salt but were unable to obtain it pure by the 
complicated process they used. It is noteworthy that the salts 
of molybdenum of the type R,[MoOCI,] are also green. 

When quinoline was used in the above reaction instead of pyridine, 
an entirely different course was followed: a brown substance was 
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deposited of the empirical formula (C,H,N),[W,Cl,,]. Here the 
tungsten is tervalent, and this salt may be a compound of the well- 
known series R,W,Cl, associated with the co-ordination compound 
(C,H,N),[WCI,]. If so, tungsten exhibits a covalency of eight as in 
its complex cyanides R,{/W(CN),] and R,[W(CN),]. We attempted 
to obtain double chlorides of the type R,[WCl,] by the interaction of 
organic chlorides and tungsten hexachloride in organic solvents but 
were unsuccessful. Kalischer (Diss., Berlin, 1902) states that he 
could not prepare double salts of tungsten hexachloride by using 
alcoholic solutions of organic chlorides. This is not unexpected, 
as the alcohol itself would react with the tungsten hexachloride and 
complicate the reaction. 


EXPERIMENTAL. 


The method used for the preparation of tungsten hexachloride 
was a modification of that described by Roscoe (Annalen, 1872, 162, 
349) and Hill (J. Amer. Chem. Soc., 1916, 38, 2383). A combustion 
tube was constricted 9” from each end. The front portion held the 
porcelain boat containing finely divided tungsten. Chlorine, from 
a cylinder and dried by concentrated sulphuric acid, was passed 
over the tungsten for at least 4 hours. This served to expel air from 
the apparatus and from the metal. Air must be rigidly excluded 
during the preparation of the compound, and all joints in the 
apparatus must be gas-tight. By now lighting the front burners 
of the furnace, the chlorine was warmed before passing over the 
tungsten, and this pre-heated chlorine was passed through the 
apparatus for a further 2 hours. The whole tube was then carefully 
heated to a temperature which was comfortably hot to the touch and 
the passage of chlorine continued for another hour. The tungsten 
was then gradually raised to red heat, whereupon the chloride began 
to form preceded by an appreciable quantity of the red WOCI,. By 
heating the upper surface of the tube with a Bunsen burner, the oxy- 
chloride could be volatilised and driven beyond the remote con- 
striction in the tube. The hexachloride soon began to form near 
the front constriction, but from time to time the beautiful steel-blue 
crystals manifested a reddish tinge due to contamination with WOCI,. 
This more volatile oxychloride could be separated in the way 
described previously. By still stronger heating with the Bunsen 
burner, the hexachloride could be transferred from point to point 
along the main portion of the tube and thus completely freed from 
WOCI,. The whole process of forming the hexachloride occupied 
ca. 24 hours, the tube then being allowed gradually to cool in a 
current of chlorine. When cold, the tube was cut at the constricted 
points and the hexachloride removed. We tried Hill’s suggestion 
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(loc. cit.) of mixing a little spongy platinum with the metallic tungsten 
but found it of little value in increasing the rapidity of formation of 
the hexachloride. 

Preparation of the Pyridine Compound.—To tungsten hexachloride 
dissolved in dry carbon tetrachloride, pyridine was added carefully 
to avoid excess, and the product transferred to a sintered-glass 
funnel, where it was washed with carbon tetrachloride, all these 
operations being done in a nitrogen atmosphere. The green product 
was dried in a vacuum over phosphoric oxide and was then quite 
stable. It was insoluble in dry alcohol but hydrolysed on treatment 
with water with partial solution. 

Analysis. The green crystalline substance was evaporated re- 
peatedly on the water-bath, first with water, then with dilute, and 
finally with concentrated nitric acid, and the tungsten weighed as 
trioxide. The chlorine was estimated by digesting the substance 
with 2N-nitric acid for several hours and precipitating the chlorine 
from the filtrate as silver chloride (this was quite free from tungsten). 
Nitrogen was estimated by Dumas’s method {Found: W, 33-05; 
Cl, 31-9; N, 5-1. (C;H,N),.[WOCI,;,H,O] requires W, 33-1; Cl, 
32-0; N, 5-04%}. 

Preparation of the Quinoline Compound.—Repeated attempts to 
produce a green compound, by a procedure analogous to the fore- 
going, invariably yielded a rich brown compound {Found : W, 25-3; 
Cl, 27-6; N, 5-06. (CysH,N),W,Cl,, requires W, 25-15; Cl, 27-5; 
N, 51%}, which was insoluble in dry alcohol, carbon disulphide, or 
acetone, but was hydrolysed by water. 


THE UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [ Received, December 23rd, 1931.] 





80. Isomeric 3-Bromo-derivatives of Dehydro-2- 
naphthol 1-Sulphide. 


By Joun A. C. McCLettanp and SAMUEL SMILEs, 


DuRING experiments directed to the synthesis of dehydro-2-naphthol 
1-sulphide and its substitution products the question arose whether 
unsymmetrically substituted derivatives exist as two distinct 
isomerides (e.g., I and II) or whether, owing to instability of the 
quinolic system and to the possibility of tautomeric interchange, two 
individuals of the type formulated are incapable of isolation. It is 
evident that oxidation of an unsymmetrically substituted sulphide 
(e.g., ITI) might lead to a mixture of two isomerides of this type 
(I and II). Preliminary experiments (Stevenson and Smiles, J., 
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1931, 722) concerning the oxidation of 6-bromo-2-naphthol 1-sulph- 
ide indicated that a mixture of dehydro-derivatives was formed; 
but in this case the evidence was unsatisfactory, since the physical 
character of the material prevented separation of pure components 
and the tentative conclusion was based on the formation of a mixture 
of thioxins by reaction with hydrogen iodide. 
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ania an more definite evidence has now been obtained by the 
isolation of two isomerides (I and IT) of the type in question. These 
have been obtained by bromination of dehydro-2-naphthol 1-sul- 
phide and from the oxidation products of 3-bromo-2-naphthol 
I-sulphide; their respective structures are evident from the follow- 
ing considerations. With bromine under suitable conditions, de- 
hydro-2-naphthol 1-sulphide yields a deep red monobromo-deriv- 
ative (m. p. 155°). This product must be either (I) or (II), since 
after reduction to the iso-sulphide and conversion of the latter by 
alkali (Warren and Smiles, J., 1931, 914) it yields a monobromo- 
2-naphthol 1-sulphide (II1) which is identical with material syn- 
thesised from 3-bromo-2-naphthol and 2-naphthol-1-bromothiol. 
The latter of these alternatives (II) cannot be admitted, since it 
implies direct substitution in the 3-position of the 2-naphthol 
nucleus : on the other hand, the former (I) accords with the usual 
substitution of $-naphthaquinone by halogens. Confirmation of 
(I) for this product of direct bromination is given by the fact that, 
in contrast with the unsubstituted dehydro-derivative, no hydra- 
zone could be obtained from it; this restricted activity generally 
met with in o-substituted quinones has already been recorded for 
3-derivatives of dehydronaphthol sulphides (Lesser and Gad, Ber., 
1923, 56, 1802). Moreover, according to the usual course of bromin- 
ating the 6-naphthaquinone nucleus, this substance, being a 3-deriv- 
ative (I), should yield at the next stage the 3 : 4-dibromodehydro- 
sulphide (IV). It is now shown that the dibromo-compound 
obtained by further bromination yields with aniline a monobromo- 
anilino-derivative and therefore contains bromine in the 4-position 
(compare Fries and Schimmelschmidt, Annalen, 1930, 484, 247). 
For these reasons the monobromo-dehydro-sulphide obtained by 
direct bromination is regarded as the 3-derivative (I). 

Another distinct isomeride (m. p. 172°) has been isolated by 
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fractionating the oxidation product of the sulphide (III). This 
dehydro-derivative is therefore regarded as the 3’-isomeride (II) and 
the view is confirmed by the fact that in contrast with (I) it readily 
yields a phenylhydrazone. 

The isolation of these isomeric monobromo-derivatives shows an 
unexpected stability of the cyclic quinolic system of dehydro- 
sulphides and it may be noted that attempts to effect the direct 
interconversion of these isomerides have hitherto been unsuccessful. 

It has been previously shown (Nolan and Smiles, J., 1912, 101, 
1422) that dehydro-2-naphthol 1l-sulphide with excess of bromine 
in acetic acid yields a tribromo-derivative, from which hydrogen 
bromide may be removed, leaving a dibromodehydro-sulphide. 
This is identical with the 3 : 4-derivative, hence it is evident that 
the tribromo-derivative is (V) and that the distribution previously 
assigned to halogen in this substance is incorrect. 

The restricted activity of the quinolic system observed in the 
3: 3’-dibromo- and 3-bromo-dehydro-sulphides (e.g., I) is not 
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manifest in their reaction with acetyl halides; in fact the substances 
are suitably characterised by conversion into the corresponding 
dinaphthathioxins, evidently (VI) and (VII), by acetyl iodide. 


EXPERIMENTAL, 
3 : 3'-Dibromo-2-naphthol 1-Sulphide, (C,g)H,;Br-OH),S.—Sulphur 
chloride (5 g.) was added to an agitated solution of 3-bromo-2- 
naphthol (22 g.) in chloroform (100 c.c.). After the reaction had 
been completed at 100°, the solvent was evaporated and the residue 
was purified from acetic acid (charcoal). The required sulphide 
(80%) formed needles, m. p. 192° (Found : C, 50-2; H, 2-6; 8, 6-7; 
Br, 33-7. Cy H,,0,Br,8 requires C, 50-4; H, 2-5; 8, 6-7; Br, 
33-6%). 
3 : 3’-Dibromodehydro-2-naphthol 1-Sulphide.—A warm solution of 
the sulphide (15 g.) in aqueous (60 c.c.) sodium hydroxide (3-7 g.) 
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was added to an excess of water (300 c.c.) and the stirred mixture 
was immediately treated with a concentrated solution of potassium 
ferricyanide (2 mols.). The insoluble product, after treatment with 
hot aqueous sodium chloride, was purified from acetic acid; it 
formed (55—60% yield) bright red needles, m. p. 205° (Found : 
C, 50-8; H, 2-2. C.9H,,0,Br,8 requires C, 50-6; H, 2-1%). The 
substance separated from benzene in crystals which retained solvent 
(Found: C, 538; H, 2-6; Br, 31-0; loss on heating, 7-7. 
CypH 190 o9Br.8,4C,H, requires C, 53-8; H, 2-5; Br, 31-1; loss, 7-6%). 
This dehydro-derivative, like other o-substituted quinones of this 
series, did not yield a phenylhydrazone; it was further characterised 
by conversion into the following compound. 

6 : 13-Dibromo-«88'«’-dinaphthathioxin (V1).—A solution of acetyl 
iodide (1 g.) in acetic anhydride was slowly added to a cooled (0°) 
and stirred suspension of the dehydro-derivative (1 g.) in the same 
solvent. After 1 hour (15—20°), the insoluble product was collected 
(0-9 g.) and washed with sulphurous acid. It separated from cyclo- 
hexanone in yellow needles, m. p. 248° (Found : C, 52-0; H, 2-3; Br, 
34-9. C, 5H,,OBr,S requires C, 52-4; H, 2-1; Br, 34-9%). 

With boiling acetyl chloride (1 hr.), the dehydro-compound 
yielded the corresponding ?-chloro-6 : 13-dibromodinaphthathioxin 
(compare VI). This formed needles from cyclohexanone, m. p. 264° 
(Found : C, 48-7; H,2-0. C,,)H,OCIBr,S requires C, 48-7; H, 2-0%). 

3-Bromo-2-naphthol 1-Sulphide (I11).—3-Bromo-2-naphthol (4-5 
g.) was added to carbon tetrachloride containing 2-naphthol-1- 
bromothiol which had been prepared from 2-naphthol 1-disulphide 
(3-5 g.) and bromine (J., 1930, 1744). When the solvent had been 
partly removed by a current of dry air, the product separated (3-3 
g.); it crystallised from acetic acid in needles, m. p. 192° (Found : 
C, 60-3; H, 3-5. C, 9H,,0,BrS requires C, 60-4; H, 3:2%). 

3’-Bromodehydro-2-naphthol 1-Sulphide (11).—3-Bromo-2-naphthol 
1-sulphide (III) was oxidised in the usual manner by potassium 
ferricyanide in alkaline solution. After the crude product had been 
treated with hot water, it was purified from ethyl acetate and 
repeatedly from benzene-light petroleum. The substance formed 
aggregates of orange needles, m. p. 172—173° (Found: C, 61-2; 
H, 3-1. C, 9H,,0,Br8 requires C, 60-8; H, 2-8%). With phenyl- 
hydrazine in hot acetic acid, the phenylhydrazone was rapidly formed ; 
orange needles, m. p. 196° (Found : N, 5-7; Br, 16-1. C,.H,,ON,BrS 

requires N, 5-8; Br, 16:5%). 

3-Bromodehydro-2-naphthol 1-Sulphide (1).—Chloroform containing 
bromine (1 mol.) was gradually added to a stirred solution of dehydro- 
2-naphthol 1-sulphide (1 mol.) in the same solvent. The red oil 
which remained after removal of the solvent was dissolved in cold 
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pyridine and then liberated therefrom by addition to excess of dilute 
sulphuric acid. The material then solidified; it crystallised from 
benzene in dark red prisms, m. p. 155° (Found: C, 60-9; H, 3-1; 
Br, 20-0. C, 9H,,0,BrS requires C, 60-8; H, 2:8; Br, 20-3%). 
The substance was characterised by conversion into 13-bromo- 
a8’ «’ -dinaphthathioxin (VII) with acetyl iodide in the usual manner. 
This formed yellow needles, m. p. 210° (Found: C, 63-5; H, 3-3; 
Br, 21-6. Cy9H,,OBrS requires C, 63-3; H, 2-9; Br, 21-1%). 

Reduction of this dehydro-derivative in alkaline media did not 
yield a pure product owing to partial removal of bromine; the 
process was effected as follows. A hot stirred solution of the 
dehydro-sulphide was treated with small portions of zinc dust until 
it had become colourless; when the mixture was cooled, the zinc 
derivative of the iso-sulphide separated. The iso-sulphide, obtained 
from this salt in the usual manner, was isolated in the crystalline 
state; it was not further purified but was converted into the deriv- 
ative of 2-naphthol 1-sulphide by solution in warm aqueous alkali. 
From this solution, mineral acids liberated 3-bromo-2-naphthol 
l-sulphide (III), which was identified by close comparison with 
material synthesised from 3-bromo-2-naphthol and 2-naphthol-I- 
bromothiol as previously described. 

3 : 4-Dibromodehydro-2-naphthol 1-sulphide (IV) was obtained 
from the 3-monobromo-derivative (1) by reaction with bromine 
(1 mol.) in chloroform. The product, isolated in the usual manner, 
crystallised from acetic anhydride in dark red needles, m. p 
204°. These depressed the m. p. of the 3 : 3’-derivative (205°) when 
mixed with it and were identical with the dibromo-derivative already 
described (Nolan and Smiles, loc. cit.) and obtained by reaction of 
dehydro-2-naphthol 1-sulphide with excess of bromine. The higher 
m. p. of this substance previously recorded (loc, cit.) has not been 
attained (Found: C, 50-7; H, 2-2. Calc. for C.9H,,0,Br,8: C, 
50-6; H, 2-1%). 

3-Bromo-4-anilinodehydro-2-naphthol 1-sulphide was obtained from 
the reaction of aniline (5 mols.) with the 3 : 4-dibromo-derivative 
(1 mol.) in hot acetic acid. It was isolated by addition of water to 
the mixture and after purification from hot acetone formed a yellow 
crystalline powder, m. p. 240—241° (Found: N, 2-86; Br, 16-4, 
C,,H,,0,.NBrS requires N, 2-9; Br, 16-5%). 


In conclusion we wish to thank the Department of Scientific and 
Industrial Research for a grant which has enabled one of us to take 
part in these experiments. 


Kine’s CoLLteGEe, LonDonN, [Received, November 27th, 19381.] 
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81. Condensation of Benzanilides and p-Dialkylanilines 
with Phosphorus Oxychloride as Condensing Agent, 
and the Mechanism of the Reaction. 


By RAMANLAL CHHAGANLAL SHAH, RAMCHANDRA KHANDERAO 
DESHPANDE, and JAGANNATH SAKHARAM CHAUBAL. 


WHEREAS symmetrical pp’-tetra-alkyldiaminobenzophenones can 
be readily prepared, viz., by the action of carbonyl chloride on 
dialkylanilines, no such simple method is available for the prepar- 
ation of p-dialkylaminobenzophenones. 

The action of benzoyl chloride on dimethylaniline at 150—180° 
gives, not dibenzoyldimethylaniline (Michler and Dupertius, Ber., 
1876, 9, 1901), but N-benzoylmethylaniline (Hesse, Ber., 1885, 18, 
685), formed by the elimination of methyl] chloride. The action of 
benzoic acid on dimethylaniline in the presence of phosphoric oxide 
at 180—200° is stated by O. Fischer (Ber., 1877, 10, 958) to give 
p-dimethylaminobenzophenone, but was later shown by Neund- 
linger (Annalen, 1915, 409, 182) to give a mixture of this ketone, 
N-benzoylmethylaniline, and tetramethyldiaminodiphenylmethane. 

The only convenient method for preparing a p-dialkylamino- 
benzophenone is the condensation of a benzanilide with a dialkyl- 
aniline by means of phosphorus oxychloride (D.R.-P. 41,751 ; Fried- 
lander, ‘‘ Fortschritte,’’ I, 44, 47). The reaction has been but little 
studied, and its mechanism has not been elucidated. By means 
of it, Meisenheimer, Budkewicz, and Kananow (Annalen, 1921, 
423, 75) prepared p-dimethylamino-, p-diethylamino-, and p-di- 
methylamino-p’-diethylamino-benzophenone. Noelting (Ber., 1897, 
30, 2588), however, showed that the anilides of salicylic, o-cresotic, 
and o-hydroxynaphthoic acids behaved exceptionally with di- 
methylaniline, giving dyes of malachite-green type. 

The reaction has now been more fully studied with the object of 
examining the influence of substituents in the acid residue of the 
anilide on the course of the reaction. Dimethylaniline has been 
condensed with the anilides of o-, m-, and p-nitro-, o-chloro-, 
p-bromo-, o-acetoxy-, 0-, m-, and p-methoxy-, and m- and p-methyl- 
carbonato-benzoic acids and of «- and $-naphthoic acids, and di- 
ethylaniline with the anilides of m- and p-nitro-, o-chloro-, and 
p-methoxy-benzoic acids. 

In all cases except the o-acetoxy- and o-nitro-benzanilides, the 
main reaction is ketone formation, but small amounts of green by- 
products are almost always formed. o-Nitrobenzanilide gives, in 
addition to a small yield-of orange-coloured ketone, a colourless 
crystalline product in relatively larger amount, the constitution 
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of which is being investigated. The product obtained from o-acet- 
oxybenzanilide consists largely of a green colouring matter, no 
ketone being isolated. In contrast to o-hydroxy- and o-acetoxy- 
benzanilides, o-methoxybenzanilide gives a good yield of ketone. 
The mechanism of the reaction has hitherto been regarded as 
consisting in the conversion of the benzanilide by the phosphorus 
oxychloride into an imido-chloride, which undergoes nuclear con- 
densation with the dialkylaniline with formation of a ketone-anil, 
this on hydrolysis giving the ketone; ¢.g., 
PhNMe, 
—> 





POCI, ~HOl 
Ph-CO-NHPh ——> Ph-CCl,*NHPh ——-~> Ph-CCINPh 
Ph-C(:NPh)-C,H,-NMe, ——> Ph-CO-C,H,NMe, 


(see D.R.-P. 41,751; Friedlander, ‘‘ Fortschritte,” I, 44; Dimroth 
and Zoeppritz, Ber., 1902, 35, 993; Lassar-Cohn, “‘ Arbeit-methoden 
der organische Chemie”’ (English translation), p. 117; Meisen- 
heimer, Budkewicz, and Kananow, loc. cit.; Chapman, J., 1922, 
121, 1676; Hewitt, Thorpe’s “‘ Dictionary of Applied Chemistry,” 
vol. VII, 1922 ed., p. 714). 

As the explanation did not appear probable to the authors, it was 
tested experimentally. 

A mixture of benzanilide and phosphorus oxychloride (excess), 
protected from access of moisture, melted to a homogeneous liquid 
at about 120° and hydrogen chloride was given off on further heating. 
The crude product after removal of the oxychloride at 130°/50 mm. 
was a viscous oil which decomposed on distillation under 20 mm. 
pressure, no benzanilide imidochloride being obtained. The sub- 
stance, which was obviously a phosphorus compound, was easily 
hydrolysed to benzanilide and readily gave p-dimethylaminobenzo- 
phenone when heated with dimethylaniline on the steam-bath. 

Searcely any reaction took place between benzanilide imido- 
chloride and dimethylaniline under the conditions (3-4 hours’ 
heating on the steam-bath) under which a mixture of benzanilide, 
dimethylaniline, and phosphorus oxychloride gives a 70—80% 
yield of the ketone. Even at 120° and 140° there was very little 
reaction. 

The reaction at higher temperatures, in which the ketone was 
only formed in negligible quantity as a by-product, was investigated 
with interesting results. The main product of the reaction between 
benzanilide imidochloride and dimethylaniline at 160—180° for 24 
hours was a crystalline base (A), C.>H,,N,, m. p. 148—150° (hydro- 
chloride, m. p. 280—282°; picrate,m. p. 218°). The similar reaction 
with diethylaniline gave a crystalline base (B), C,,H,)N,, m. p. 150° 
(hydrochloride, m. p. 289—290°). 

As the analytical results indicated that an alkyl chloride was 
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eliminated during the reaction (compare the analogous reactions of 
acid chlorides with dialkylanilines; Hesse, Ber., 1885, 18, 685 

Bergel and Déring, Ber., 1928, 61, 844), the constitution (I; R = 
Me or Et) was assigned to the compounds (A) and (B), the reaction 
being assumed to be as follows : 


Ph-CCLNPh -++ PhNR, = Ph’C(:NPh)NRPh (I) + RCI. 


The bases (A) and (B), however, were found not to be identical, 
respectively, with N-methyldiphenylbenzamidine (uncrystallisable 
oil; hydrochloride, m. p. 250°; picrate, m. p. 189—190°) and N-ethyl- 
diphenylbenzamidine (crystalline solid, m. p. 81°; hydrochloride, 
m. p. 189—190°), which were prepared from the appropriate alkyl- 
aniline, phosphorus pentachloride, and benzanilide in benzene 
solution by the method of Hill and Cox (J. Amer. Chem. Soc., 1926, 
48, 3214). 

It is suggested that the compounds (A) and (B) may be geo- 
metrical isomerides of the two benzamidines, and in this connexion 
it may be mentioned that diphenyl-p-aminobenzamidine mono- 
hydrochloride can be obtained in two interconvertible forms, one 
colourless and the other yellow (Shah, J. Indian Inst. Sci., 1925, 7, 
219), and that some diaryl-p-nitrobenzamidines and their salts also 
exist in two differently coloured modifications, one of which is 
stable and the other unstable (unpublished work). 

Light was thrown on the mechanism of the reaction whereby 
p-dimethylaminobenzophenone is produced from benzanilide, phos- 
phorus oxychloride, and dimethylaniline when benzomethylanilide 
was substituted for benzanilide. The condensation took place 
readily with the formation of the same product, p-dimethylamino- 
benzophenone, and after hydrolysis of the reaction mixture and 
steam distillation, the distillate contained methylaniline but no 
aniline. 

The course of both reactions may be represented as follows (R = 
H or Me) : 

Ph ——- O-POCI, PASM. Ph H,NMe 
NRPh>OO— NRPR>C<CI > NRPh Banton 
ay Ph-CO-C,H,-NMe, + NHRPh + HCl 


The evolution of hydrogen chloride in the reaction between phos- 
phorus oxychloride and benzanilide (see p. 643) may be explained 
as follows : 

~on rd 


POO, 0-POCI, 
NHPL>CO——> NHPL>C<Cr “aa > NPR>c” 0-POCI, 


An attempt will be made to study the compound formation 
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between benzanilide and phosphorus oxychloride by physicochemical 
means. 
EXPERIMENTAL. 

Preparation of Anilides.—The acid was treated or warmed with 
the requisite quantity of phosphorus pentachloride until evolution 
of hydrogen chloride ceased. To the mixture of acid chloride and 
phosphorus oxychloride, dimethylaniline, diethylaniline, or pyridine 
(2—2-5 mols.) was added, with cooling. The whole was kept in a 
freezing mixture and stirred while aniline (1-2—1-5 mols.) was 
gradually added. The pasty mass was heated on a water-bath for 
} hour, triturated with dilute hydrochloric acid, and washed success- 
ively with water, dilute sodium hydroxide solution, and water. 
The anilide obtained was fairly pure, and was further crystallised 
(yield, 70—80% in most cases). 

Condensation of Anilides with Dialkylanilines—General method. 
The anilide (1 mol.) and the dialkylaniline (2—2-5 mols.) were heated 
together on the water-bath until the mixture became liquid. Phos- 
phorus oxychloride (1—2-5 mols.) was gradually added with external 
cooling. The mixture was heated until the reaction finished, a test 
portion then dissolving completely in dilute hydrochloric acid. The 
product was dissolved in hot (in some cases boiling) dilute hydro- 
chloric acid, and the cooled filtered solution was made alkaline and 
steam-distilled to remove the excess of dialkylaniline and the 
aniline. The crude ketone was purified in a suitable manner. 

The condensation in the following cases was brought about by 
heating on the water-bath for 3—4 hours. -Diethylaminobenzo- 
phenone (yield, 70%) crystallised from hot alcohol in colourless 
prisms, m. p. 80—81° (Meisenheimer, loc. cit., gives m. p. 79—81°). 
The oxime, prepared from hydroxylamine hydrochloride (2 g.) and 
the ketone (2 g.) in boiling aqueous alcohol, was crystallised from 
methyl alcohol; m. p. 143—144° (Found: N, 10-5. C,,H,, ON, 
requires N, 10-4%). 

p-Dimethylaminobenzophenone (yield, 65°) crystallised from hot 
alcohol in needles, m. p. 92—93°. Débner (Annalen, 1883, 217, 257) 
gives m. p. 90°. The oxime, crystallised from methyl alcohol, had 
m. p. 152° (Found: N, 11-4. C,;H,,ON, requires N, 11-6%). 

4-Dimethylamino-2'-methoxybenzophenone (yield, 55%). The 
crude ketone, a reddish pasty mass, was extracted with ether, the 
extract dried with anhydrous sodium sulphate, and the ether 
evaporated. The residue of prismatic crystals, recrystallised from 
alcohol, had m. p. 74° (Found: N, 5-4. C,,H,,0,N requires N, 
55%). The ketone is easily soluble in all the usual organic solvents 
except light petroleum. 

4’. Bromo-4-dimethylaminobenzophenone (yield, 75%) crystallised 
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from hot alcohol in prisms, m. p. 128—129° (Found: Br, 26-2. 
C,;H,,ONBr requires Br, 263%). The oxime melted at 185° 
(Found: Br, 24-7. C,;H,,ON,Br requires Br, 25-1%). 

2’-Chloro-4-diethylaminobenzophenone (yield, 50%), crystallised 
from ether and then from alcohol, formed needles, m. p. 79° (Found : 
Cl, 12-1. C,,H,,ONCI requires Cl, 12-3%). 

4-Dimethylamino-3’-methoxybenzophenone (yield, 40%) crystal- 
lised from methyl alcohol in needles, m. p. 72—73° (Found : N, 5-6. 
Cale.: N, 55%). D.R.-P. 65,952 gives m. p. 67°. The oxime 
crystallised from alcohol in needles, m. p. 185° (Found: N, 9-9. 
C,,H,,0,N, requires N, 10-4%). 

4-Dimethylamino-4’-methoxybenzophenone (yield, 50%) crystal- 
lised from alcohol in rectangular plates, m. p. 132—134° (Found : 
N, 5-4. Cale.: N, 55%). D.R.-P. 295,495 gives m. p. 133°. 

4. Diethylamino-4’-methoxybenzophenone (yield, 40%). The crude 
ketone, a reddish oil, was dissolved in ether, evaporation of which 
gave plates, m. p. 92° after recrystallisation from hot alcohol 
(Found: N, 5-0. C,,H,,0O,N requires N, 4-9%). 

4-Dimethylamino-3’-hydroxybenzophenone was prepared (yield, 
50%) from m-methylearbonatobenzanilide. The dirty grey solid 
obtained was the sodium salt of the hydroxy-ketone; this was 
treated with hydrochloric acid, and the free ketone crystallised from 
methyl alcohol, forming greenish needles, m. p. 185—187° (Found : 
N, 6-0. C,;H,,;0,N requires N, 5-8%). 

4. Dimethylamino-4’ -hydroxybenzophenone was obtained (yield, 60%) 
from p-methylcarbonatobenzanilide, m. p. 179—181° (Found: N, 
5-3. C,5H,,0,N requires N, 5-2%). The sticky product, after 
being washed with ether, gave pearly plates of the sodium salt of 
the hydroxy-ketone. Treatment with hydrochloric acid gave the 
free hydroxy-ketone, which crystallised from methyl alcohol in 
needles, m. p. 199—200° (Found: N, 5-9. C,;H,;0,N requires N, 
5-8%). 

The following four ketones were prepared by heating the reactants 
in an oil-bath at 110—115° for 2—3 hours. 

3’-Nitro-4-dimethylaminobenzophenone (yield, 40%). The crude 
product was washed with cold alcohol and twice crystallised 
from hot toluene, yellow plates, m. p. 174—176°, being obtained 
(Found : N, 10-2. Cale.: N, 10-4%). D.R.-P. 42,853 gives m. p. 
173°. 

3’-Nitro-4-diethylaminobenzophenone (yield, 20%). The impure 
ketone, a black mass, was twice crystallised (charcoal) from hot 
alcohol, yellowish-brown needles, m. p. 84°, being obtained (Found : 
N, 9:3. C,,H,,0,N, requires N, 9-4%). 

4’-Nitro-4-dimethylaminobenzophenone (yield, 45%), after being 
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washed with cold alcohol, crystallised from toluene in orange-yellow 
plates, m. p. 206—207° (Found: N, 10-2. C,;H,,0,N, requires 
N, 10-4%). 

4’. Nitro-4-diethylaminobenzophenone (yield, 60°), crystallised from 
methyl alcohol in deep yellow plates, m. p. 116—117° (Found : 
N, 9-0. C,,H,,0,N, requires N, 94%). The oxime crystallised 
from methyl alcohol in needles, m. p. 156° (Found: N, 13-1. 
C,7H,,0,N, requires N, 13-4%). 

2’-Nitro-4-dimethylaminobenzophenone. The reacting mixture was 
heated at 60° for 6 hours. The dark product was extracted with 
ether, a small quantity of black crystalline material remaining 
undissolved. The substance recovered from the extract was shaken 
with light petroleum (b. p. 60—80°). The petroleum extract on 
spontaneous evaporation gave a brown solid which, after being 
washed with light petroleum, separated from alcohol in colourless 
cubic crystals, m. p. 93°, turning violet in air. The ether-in- 
soluble compound, which was the ketone, crystallised from boiling 
alcohol in deep orange, rectangular plates, m. p. 251—253° (Found : 
N, 10-7. C©,;H,,0,;N, requires N, 10-4%). The compound is 
sparingly soluble in hot ethyl and methyl alcohol and acetone and 
easily in hot chloroform and benzene. 

For the preparation of the two naphthyl ketones, 4—5 hours’ 
heating on the water-bath was necessary. 

p-Dimethylaminopheny] 1-naphthyl ketone (yield, 35%) crystal- 
lised from alcohol in pale yellow plates, m. p. 115—116° (Found : 
N, 4-8. Calc. : N, 5-1%), and the corresponding 2-naphthy] ketone 
(yield, 40%) in yellow needles, m. p. 128—129° (Found: N, 5-2%). 
D.R.-P. 42,853 gives m. p. 115° and 127° respectively. 

Reaction of the Product from Benzanilide and Phosphorus Oxy- 
chloride with Dimethylaniline.—The crude oily product prepared as 
described on p. 643 from benzanilide (10 g.) and phosphorus oxy- 
chloride (12 g.) was heated on the water-bath with dimethylaniline 
(20 g.) for 4 hours. The viscous mass obtained dissolved almost 
completely in hot dilute hydrochloric acid. The acid extract was 
made alkaline and steam-distilled. The viscous residue on crystallis- 
ation from ether gave the ketone (3 g.), m. p. 90—91°, not depressed 
by admixture with authentic p-dimethylaminobenzophenone. 

Interaction of Benzanilide Imidochloride and Dimethylaniline below 
140°.—The imidochloride (10 g.) and dimethylaniline (20 g.) were 
heated together (calcium chloride guard-tube). The reaction mix- 
ture was extracted with hot dilute hydrochloric acid, and the filtered 
solution made alkaline and steam-distilled. The residual ketone 
was crystallised from alcohol. The following table shows the results 
obtained under different conditions. 
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Time, Benzanilide 
Temp. hours. Yield of ketone, g. _ recovered, g. 
Water-bath 4 Less than 0-1 9 
»» (+ 5 g. POCI,) 4 oe 9 
115—120° 5 0-2 8—9 
130—140° 6 0-5 7 
9 (5 g. POCI,) 6 (more impure product) 


Action of Benzanilide Imidochloride upon Dimethylaniline at 
Higher Temperatures—The imidochloride (10 g.) and dimethyl- 
aniline (20 g.) were heated together (calcium chloride guard-tube) 
in an oil-bath at 160—180° for 24 hours. A crystalline hydro- 
chloride separated on cooling. It was washed with dry benzene, 
recrystallised from hot alcohol, and dissolved in alcohol, and con- 
centrated aqueous ammonia added. The crystalline base obtained 
was recrystallised from hot alcohol, forming needles, m. p. 148— 
150° (Found : C, 83-5; H, 6-6; N, 9-7. C,)H,,N, requires C, 83-9; 
H, 6-3; N, 9-8%), easily soluble in cold benzene and chloroform and 
in hot methyl and ethyl alcohol. 

The hydrochloride, m. p. 282° (decomp.), was crystallised from 
alcoholic hydrochloric acid (Found: Cl, 10-9. C,)H,,N,,HCl 
requires Cl, 11-0%). The picrate, prepared in benzene solution, 
had m. p. 218°. 

Action of Benzanilide Imidochloride upon Diethylaniline.—This 
reaction (imidochloride, 15 g.; diethylaniline, 21 g.) proceeded as 
in the foregoing case. The base obtained separated from hot alcohol 
in needles, m. p. 150° (Found: C, 83-4; H, 6-1; N, 9-5. C,,H5)N, 
requires C, 84:0; H, 6-7; N, 9-3%), and resembled the preceding 
base in solubility. 

The hydrochloride, m. p. 289—290° (decomp.), is sparingly 
soluble in water and easily in methyl alcohol (Found: Cl, 11-0. 
C.,H.9N.,HCl requires Cl, 10-5%). 

N-Methyldiphenylbenzamidine.—{1) Benzanilide imidochloride 
(15 g.) was gradually added to a cooled mixture of monomethy]l- 
aniline (7 g.) and diethylaniline (compare Shah, loc. cit.). The 
mixture was finally heated for } hour on the water-bath, allowed to 
cool, and triturated with dilute hydrochloric acid. The insoluble 
amidine hydrochloride was crystallised from glacial acetic acid and 
dissolved in alcohol, concentrated aqueous ammonia added, and 
the mixture diluted with water. The base, isolated by means of 
ether, was an oil. It was left for several days in a desiccator under 
reduced pressure (Found: C, 83-7; H, 6-9; N, 10-2. C,9H,,N: 
requires C, 83-9; H, 6-3; N, 9-8%). 

The hydrochloride formed colourless prisms, m. p. 250°, from 
glacial acetic acid (Found: Cl, 10-9. C,,H,,N,,HCl requires Cl, 
110%). The picrate, crystallised from alcohol, melted at 189— 
190° (Found : N, 13-7. C,9H,,N., CgH,0,N, requires N, 13-6%). 
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(2) The same substance was also obtained by the method of Hill 
and Cox (loc. cit.). 

N-Ethyldiphenylbenzamidine.—Phosphorus pentachloride (6 g.), 
followed by monoethylaniline (6 g.), was added to a solution of benz- 
anilide (5 g.) in dry benzene (25 c.c.), and the mixture refluxed for 
3 hours. The benzene was evaporated, the residue dissolved in 
boiling dilute hydrochloric acid, and the filtered solution basified 
and steam-distilled. The residue (4-5 g.) crystallised from alcohol 
in needles, m. p. 81° (Found: C, 83-7; H, 6-5; N, 9-2. C,,HoNo 
requires C, 84-0; H, 6-7; N, 9-3%). 

The hydrochloride formed colourless prisms, m. p, 189—190°, 
from hot dilute hydrochloric acid (Found : Cl, 10-9. Cy, Ho )N.,HCl 
requires Cl, 10-5%). 

N-Alkyldiarylbenzamidines.—The following amidines also were 
prepared by the method of Hill and Cox. 

N-Methyldiphenyl-o-nitrobenzamidine, yellow prisms, m. p. 141° 
(Found: N, 12-6. C,,H,,0,N, requires N, 127%); hydrochloride, 
m. p. 225—227° (Found: Cl, 9-4. C,)9H,,0,N;,HCl requires Cl, 
97%). The corresponding m-nitro-compound is an oil (hydro- 
chloride, m. p. 230°. Found: Cl, 97%). The p-nitro-compound, 
‘yellow prisms, m. p. 94° (Found: N, 12-6%); hydrochloride, m. p. 
213° (Found : Cl, 9-8%). 

N-Ethyldiphenyl-o-nitrobenzamidine, yellow prisms, m. p. 99— 
100° (Found: N, 12-1. C,,H,,0O,N, requires N, 12-2%); hydro- 
chloride, m. p. 160—1261° (Found: Cl, 9-4. C,,H,,0,N;,HCI 
requires Cl, 9-3%). The m-nitro-compound,’ colourless needles, 
m. p. 174—175° (Found: N, 12:3%); hydrochloride, m. p. 247° 
(Found: Cl, 9-6%). The p-nitro-compound, pale yellow prisms, 
m. p. 112° (Found: N, 12-3%); hydrochloride, m. p. 179—180° 
(Found : Cl, 9-4%). 

N-Methyldiphenyl-m-methoxybenzamidine, colourless needles, m. p. 
83° (Found: N, 8-7. C,H ,,ON, requires N, 8-8%); hydrochloride, 
m. p. 214—215° (Found: Cl, 10-4. C,9H,,ON,,HCl requires Cl, 
100%). N-Ethyldiphenyl-m-methoxybenzamidine, colourless prisms, 
m. p. 175° (Found : N, 8-6. C,,H,,ON, requires N, 8-4%); hydro- 
chloride, m. p. 248° (Found: Cl, 10-0. C,,H,,ON,,HC1 requires 
Cl, 9-6%). 

N-Methyldiphenyl-o-chlorobenzamidine, colourless needles, m. p. 
106° (Found: Cl, 11-0. OC. 9H,,N,Cl requires Cl, 11-1%); hydro- 
chloride, m. p. 230—235° (Found: Cl’, 10-0. C,9H,,N,Cl,HCl 
requires Cl’, 9-9%). N-Hthyldiphenyl-o-chlorobenzamidine, colour- 
less needles, m. p. -70—71° (Found: Cl, 11-1. (C,,H,,N,Cl 
requires Cl, 10-6%); hydrochloride, m. p. 250° (Found: Cl’, 9-5. 
C,,HjgN,Cl,HCl requires Cl’, 9-6%). N-Methyldiphenyl-p-bromo- 
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benzamidine, stout colourless needles, m. p. 121—123° (Found : 
Br, 22-0. C,,H,,N,Br requires Br, 21-9%); hydrochloride, m. p. 
290—295° (Found : Cl, 9-1. C,9H,,N,Br,HCl requires Cl, 8-8%). 

Condensation of Benzomethylanilide with Dimethylaniline with the 
Aid of Phosphorus Oxychloride—The methylanilide (10 g.), di- 
methylaniline (20 g.), and phosphorus oxychloride (10 g.) were 
heated together on the water-bath for 3 hours, the viscous reddish- 
brown ‘product dissolved in boiling dilute hydrochloric acid, and 
the cooled filtered solution made alkaline and steam-distilled. The 
residual oil solidified to a cake, which was crystallised from alcohol 
(4-5 g., m. p. 92°) and proved to be dimethylaminobenzophenone 
by a mixed m. p. determination with an authentic specimen. 

Ether extracted from the steam-distillate an oil which gave a 
negative test for aniline. The oil was heated on the water-bath 
with excess of acetic anhydride. After removal of acetic anhydride 
and dimethylaniline at 200—220°, the residue separated from 
alcohol in crystals, m. p. 101—102° (alone or mixed with authentic 
acetomethylanilide). 

An extension of the work is contemplated. 


The authors desire to express their gratitude to Dr. A. N. Meldrum. 
for his kind interest in the work. 


Roya INsTITUTE OF SCIENCE, 
BomBay. [Received, August 10th, 1931.] 





82. A New and Direct Synthesis of p-Dialkylamino- 
benzophenones. 


By RAMANLAL CHHAGANLAL SHAH and JAGANNATH SAKHARAM 
CHAUBAL. 


Actrp chlorides react with aromatic tertiary amines at a high temper- 
ature to give acyl derivatives of monoalkylanilines, alkyl halide 
being eliminated (Hesse, Ber., 1885, 18, 685; Bergel and Doring, 
Ber., 1928, 61, 844). It seemed that a direct synthesis of p-di- 
methylaminobenzophenone would be possible if the reaction between 
benzoyl chloride and dimethylaniline were carried out in the presence 
of anhydrous aluminium chloride, which would activate the nuclear 
p-hydrogen atom. 

The condensation indeed gave p-dimethylaminobenzophenone, 
but the yield was poor, owing probably to further condensation of 
the ketone with dimethylaniline to form malachite-green. 

When benzanilide imidochloride was substituted for benzoyl 
chloride, and the condensation was carried out in carbon disulphide 
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at the ordinary temperature, a high yield of p-dimethylaminobenzo- 
phenone was obtained after 24 hours. 


hNMe 
Ph-CCLNPh ——-> Ph-C(:NPh)-C,H,NMe, —> 
Ph-CO:C,H,NMe, + NH,Ph 
A number of ketones have been prepared by this method, which 
proceeds smoothly and gives in comparable yields cleaner products 
than the phosphorus oxychloride method (preceding paper). 
The work is being continued. 


ExPERIMENTAL. 


Condensation of Benzoyl Chloride with Dimethylaniline by Means of 
Anhydrous Aluminium Chloride.—To a solution of benzoyl chloride 
(10 g.) and dimethylaniline (19 g.) in carbon disulphide (125 c.c.), 
aluminium chloride (10 g.) was added in small portions with external 
cooling. The dark green mixture was refluxed for 3 hours, the 
solvent distilled off, and the product made alkaline and steam- 
distilled. Ether extracted from the residual oily liquid, a viscous 
mass, which solidified in a freezing mixture and gave, after two 
crystallisations from benzene, about 1 g. of p-dimethylaminobenzo- 
phenone, m. p. and mixed m. p. 89—90°. 

Condensation of Benzanilide Imidochlorides with Dialkylanilines 
by Means of Aluminium Chloride.—Aluminium chloride (1-25 mols.) 
was added, with cooling, to a solution of the imidochloride (1 mol.) 
and the dialkylaniline (2-5 mols.) in dry carbon disulphide (or in 
dry benzene, for sparingly soluble imidochlorides), and the mixture, 
protected from moisture, was kept at room temperature for 24 
hours. The solvent was then distilled off, the residue dissolved in 
hot dilute hydrochloric acid, and the cooled solution filtered from 
any benzanilide, made alkaline with sodium hydroxide (enough being 
used to dissolve the aluminium hydroxide), and steam-distilled. 
The non-volatile crude ketone was purified by crystallisation 

Dimethylamino-, diethylamino-, 4’-nitro-4-dimethylamino-, 
4’-nitro-4-diethylamino-, and 4’-bromo-4-dimethylamino-benzo- 
phenone were thus obtained in 80, 70, 50, 50, and 70% yield, respec- 
tively, the m. p.’s being practically identical with those of the same 
ketones prepared by the phosphorus oxychloride method (preceding 
paper). 

p-Nitrobenzanilide Imidochloride.—p-Nitrobenzanilide (25 g.) and 
phosphorus pentachloride (23 g.) were heated together until the 
evolution of hydrogen chloride ceased. The viscous oil was poured 
into sodium-dried light petroleum (b. p. 89—100°) ; the precipitated 
imidochloride crystallised from petroleum in yellow plates, m. p. 
120—121°. It was heated with sodium ethoxide in absolute- 
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alcoholic solution on the water-bath, water added, as much as 
possible of the alcohol evaporated, and the halogen in the cooled 
filtered solution estimated in the usual way (Found*: Cl, 13-4. 
C,3H,O,N,Cl requires Cl, 13-6%). The imidochloride dissolves 
easily in cold benzene and in hot light petroleum. p-Bromobenz- 
anilide imidochloride, similarly prepared from p-bromobenzanilide 
(10 g.) and phosphorus pentachloride (9 g.), crystallised from light 
petroleum in rectangular, pale yellow needles, m. p. 85—86° (Found : 
Cl, 11-9. C,,H,NCIBr requires Cl, 12-1%). 

4’. Bromo-4-diethylaminobenzophenone (yield, 60%), crystallised 
from alcohol, had m. p. 99—100° (Found: Br, 23-8. C,,H,gONBr 
requires Br, 24:1%). It is easily soluble in all the usual organic 
solvents except light petroleum. 

2’ - Chloro - 4 - dimethylaminobenzophenone. — 0 - Chlorobenzanilide 
imidochloride, prepared from o-chlorobenzanilide (10 g.) and phos- 
phorus pentachloride (10 g.), distilled at 182—183°/10 mm. (Found : 
Cl, 28-1. C,,3H,NCl, requires Cl, 28-4%). The viscous ketone pre- 
pared from it in 60% yield was purified by solution in ether and 
subsequent crystallisation from alcohol; m. p. 68° (Found: Cl, 
13-6. C,;H,,ONCI requires Cl, 13-7%). 


The authors desire to express their gratitude to Dr. A. N. Meldrum 
for his kind interest in the work. 


Royat InstiruTe or SCIENCE, 
BomBAy. [Received, August 10th, 1931.] 





83. Carbonyl Selenide.. Part I. Preparation and 
Physical Properties. 
By Tuomas Gipson PEARSON and Percy Lucock Rosrnson. 


CARBONYL sulphide, first prepared by Than (Annalen, Suppl., 
1867, 5, 236), who obtained it contaminated with much carbon 
monoxide by passing the latter with sulphur vapour through a 
heated tube, is a well-characterised compound. By substituting 
selenium for sulphur, Berthelot (Ann. Chim. Phys., 1901, 22, 303) 
detected traces of this element in the outflowing gas. Rathke 
(Annalen, 1869, 152, 199) heated phosphorus selenide, and von 
Bartal (Chem. Zeit., 1906, 30, 1044) cadmium selenide, with carbon 
tetrachloride, and both reported the formation of complex mixtures 
described as containing carbonyl selenide, but in neither case was 
the substance separated or characterised. The latter worker also 
passed carbonyl chloride over cadmium selenide heated to redness, 
a method successfully applied to the production of the corresponding 
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sulphide by Nuricsan (Ber., 1891, 24, 2967), and obtained a selenium- 
containing gas, alleged to be carbonyl selenide, which could not, 
however, be condensed even at — 80°. 

About two years ago, it was demonstrated in these laboratories 
that a gaseous selenium compound was undoubtedly produced 
when the element was heated with carbon monoxide, but attempts 
to isolate a suspected carbonyl of selenium were abandoned 
because only a trace of the material was obtained by any of the 
methods tried, which included the use of a carbon are in an atmo- 
sphere of carbon monoxide and selenium vapour. Furthermore, 
owing to a spontaneous decomposition which the material under- 
went at every attempt to concentrate it (herein shown to be due to 
the presence of moisture) and to the appreciable solubility (now 
established) of carbon dioxide in the liquid substance, it was never 
obtained sufficiently pure for characterisation. When the present 
work was begun, therefore, our knowledge was restricted to the 
proof of the formation of a gaseous compound when carbon monoxide 
reacts with heated selenium. We have now demonstrated that this 
compound is carbonyl selenide, and that Berthelot had the gas in 
concentrations of 3—4°% in carbon monoxide. Whether von 
Bartal’s gas was selenium carbonyl has not yet been ascertained, 
but if so, his observation that it did not liquefy at — 80° was in 
error by more than 55°. 

The present communication describes the preparation of carbonyl 
selenide, its purification, and the determination of its physical 
properties. Further work dealing with its chemical properties is in 
progress. 

EXPERIMENTAL. 

Preparation of Carbonyl Selenide.—Evidence is given of the 
presence of this compound if carbon monoxide which has been in 
contact with selenium at about 500° is passed through a glass tube 
heated with a Bunsen burner, the carbonyl selenide present being 
dissociated and a deposit of selenium formed on the glass beyond the 


heated zone. There is some carbon dioxide with the gas and if - 


such a mixture be cooled by passage through a vessel submerged in 
liquid air, a white solid separates; but, in the earlier experiments 
mentioned above, when this was allowed to melt, some liberation of 
selenium took place which has now been shown to be due to the 
presence of traces of moisture. 

In investigating the problem, we first ascertained the approximate 
proportion of the compound present in the issuing gas when carbon 
monoxide was passed over a weighed quantity of selenium heated in 
a vessel provided with a glass-wool filter to prevent the removal of 
the element in any condition condensable at the atmospheric 
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temperature. After the passage of a measured volume of gas, the 
selenium was reweighed, and the loss in weight taken as a measure 
of the carbonyl selenide formed. With a rate of 4 litres of carbon 
monoxide per hour, the proportion was about 3-6% by volume. 
The final apparatus used is illustrated in Fig. 1; it consists of a 
safety valve, whence the carbon monoxide, prepared by the action 
of sulphuric acid on sodium formate, passed through the inclined 
tube and bubbler charged with a saturated solution of caustic 
potash, through the drying train containing successively potash 
pellets, fused calcium chloride, and phosphoric oxide, and then by 
way of a porcelain delivery tube into the porcelain test-tube E 
(25 em. long, 3 cm. diameter) to the first condensing vessel F. 
After being relieved of its trace of carbonyl selenide, the carbon 
monoxide passed into a second porcelain test-tube G, and thence to 
the second condenser H and through a phosphoric oxide guard-tube 
to the fume-shaft. Each porcelain tube contained 10 g. of selenium, 


Fie. 1. 





GLASS - GLASS - 
WOOL. 





previously freed from moisture by melting in a vacuum, and was 
heated to dull redness at its lower extremity by means of a blast 
Bunsen burner. The condensing vessels were submerged deeply in 
liquid air contained in Dewar flasks. That the separation was well- 
nigh complete was shown by the mere trace of deposit on the 
central limbs of the condensing tubes. The only difficulty 
experienced, through the choking of the glass-wool filters mounted 
at X and Y by a sublimate of selenium, was overcome by using a 
sufficiently large filtering area. The precautions to be observed in 
the experiment are dryness of all apparatus and reactants and a 
sufficiently rapid stream of carbon monoxide (at least 4 litres per 
hour). 

A normal run lasted for 4 hours, and the collected solid yielded on 
melting about 1 c.c. of a colourless, mobile liquid. This was 
immediately distilled into a separate vessel by connecting receivers 
F and H in series with such a vessel cooled in liquid air, and allowing 
the material to evaporate in a slow stream of carbon monoxide. By 
this procedure certain possible less volatile impurities were eliminated, 
the presence of which in the original collecting vessels F and H was 
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shown by one or two minute droplets of a yellow, oily liquid which 
did not evaporate at the room temperature. 

The distillate constituted the source of crude material for the 
determinations described below. 

Gaseous Density —A vessel of approximately 100-c.c. capacity 
(Fig. 2) was filled with the gas by displacement of dry carbon 
monoxide, and sealed off at 2 and x! under atmospheric pressure, 
the temperature being controlled by surrounding the vessel with 
pure ice. The following data were obtained : 


Corrected weight, Corrected vol. Density at N. T. P., 


Temp. g- at N.T.P., c.c. g./c.c. M. 
0° 0-2905 64-85 0-004479 100-3 
99 0-3830 83-28 0-004599 103-0 


The values for the molecular weight are only in approximate agree- 
ment with that required for carbonyl selenide, COSe, viz., 107-2. 
The discrepancy may be due to the presence of either carbon 
monoxide or carbon dioxide, which are appreciably soluble in the 
liquid. Owing to the limited quantities of material at our disposal, 
never more than 4 c.c. at any one time, the Hofmann method was 
used as requiring only a small quantity as a definite fraction from a 
distillation. The fractionation was conducted in a vacuum, and 
the material was collected in bulbs (Fig. 3) designed to enable the 
tip to be broken off under mercury whilst it was itself held below the 
receiving tube with the material still in the solid state above the 
level of the mercury. The results, given below, show that the 
more volatile fractions are contaminated with.a substance of lower 


density and b. p. 
Corrected Density 
vol. at at N.T.P., 


Sample. Wt. sg Mae. 86. g./c.c. M. 
Extreme head fraction ...... 0-1554 54-70 0-002841 63-62 
Main head fraction ............ 0-0253 5-78 0:004377 98-04 
PERRES FERCHOR. 20.000scccccccriese 0-0600 12-59 0-004766 106-80 


Analysis —The method of preparation and the gaseous density 
make it evident that the gas is carbonyl selenide, but this was finally 
proved by decomposing it by means of an electric discharge. In 
these circumstances, the compound dissociates quantitatively into 
carbon monoxide and selenium without change in gaseous volume, 
indicating that 1 mol. of the oxyselenide contains 1 mol. of carbon 
monoxide. About 0-025 g. of the liquid was sealed up in a small 
glass tube, the tip of which, after the contents had been frozen, was 
broken under mercury in such a way that the released gas was 
entrapped in a eudiometer over dry mercury, where it gave approxi- 
mately 25 c.c. under the temperature and pressure conditions 
prevailing. This gas was decomposed by means of an electric spark, 
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and gave rise to a copious deposit of selenium both as a finely 
divided powder and as a film adhering to the walls, but sparking was 
continued until further dissociation was not evident, whereupon it 
was found that the volume had decreased by less than 1-6%. 
This slight reduction probably arose through adsorption on the very 
finely divided selenium produced in the decomposition. 
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Fie 6. Fig. 4. Fig. 7. 











Liquid Density.—A vessel (Fig. 4) consisting of a stout-walled bulb 
connected to a capillary tube was attached to an evacuated system 
containing solid carbonyl selenide, and was partially filled with 
liquid by the usual procedure. The heights of the liquid, at a 
series of known temperatures, relative to a datum mark on the stem 
were measured by means of a cathetometer reading to 0-02 mm. 
Subsequently, the volume of the bulb and stem was ascertained by 
filling with water and weighing. The data (Table I) indicate a 
density of 1-812 g./c.c. at 4-1°, under the pressure of its own vapour 
and a coefficient of expansion of 0-001756 between 4-1° and 21-1’. 
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TABLE I. 
Corrected Weight 
vol. of of liquid, D, 

Temp. liquid, c.c. g. g./c.c. 

Preliminary detn. on bulk f 0-0° 0-1642 0:2977 1-813 
sample 116-2 0-1699 0-2977 1-752 
Final detn. on middle frac- f 4-1 0-1877 0°3401 1-812 
tion 21-1 0-1933 0-3401 1-759 


Vapour Pressure.—About 2 c.c. of material which had been care- 
fully freed from lower-boiling impurities by repeated fractional 
distillation were sealed in a wide tube connected through a wide side 
arm to a mercury manometer in the form of a U-tube open at its 
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remote side to the atmosphere. The mercury had been especiaily 
dried, and precautions were taken to ensure that no gas was entrapped 
against the glass. Observations were made with the fluid main- 
tained at definite temperatures by means of partially frozen pure 
liquids (bromobenzene, — 30°6°; chloroform, — 63-5°; toluene, 
— 94-5°) held in a Dewar vessel, and these are set out in Table II 
and plotted in Fig. 5. 


TaBueE II. 
Temp.,C. Temp.,Abs. yp, mm. 10?/T. log soP- 
—22-9° 250-1° 725-0 3-998 2-8603 
— 30-6 242-4 620-0 4-126 2-7924 
—63-5 209-5 257-2 4-773 2-4102 
— 94-5 178-5 83°3 5603 1-9206 


Z 








658 PEARSON AND ROBINSON : CARBONYL SELENIDE. 


Surface Tension.—The method of capillary rise was employed for 
the determination of the surface tension of the liquid, two tubes 
(D and F, data given by Mills and Robinson, J., 1927, 1823) being 
used. These were supported in a vessel (Fig. 6), which after being 
filled with a suitable quantity of the liquid in a vacuum, was sealed 
off at A. The difference in level in the capillaries was measured by 
means of the cathetometer already mentioned, the temperature 
being controlled in a suitable thermostatic bath. The differences 
were read many times, and before each set, the level of the liquid in 
the capillaries was raised so that all measurements were made on a 
falling meniscus, 

The values of the surface tension were calculated from the 
formula y = 1ry7r.g(3h + r, — 1,)(D — d)/6(r,; — r,). The results 
obtained, summarised in Table ITT, give a value of 19-32 dynes 
per cm. for the surface tension at 4-1°, and a temperature coefficient 
of 0-156 dyne per cm. per degree between 4-1° and 21-6°. 


TaBxe III. 
Dr. d, h, Y> 
Temp. g./e.c.  g./c.c. mm, dynes/em. [P]. 
Preliminary detn. on f 3-0° 1-813 0-009 3°80 19-64 126-1 

bulk sample 20-4 1-712 0-013 3°34 16-24 126-7 
Final detn. on middie { 4-1 i811 0-009 3°74 19-32 124-8 

fraction 21-6 1-725 0-013 3°36 16-45 126-1 

Parachor.—By using the values of y at 4-1° and 21-6°, the para- 
chors [P] of carbonyl selenide at these temperatures were obtained 
viz., 124-8 and 126-1-respectively (Cale.: 133-7, from C = 4:8, 
O = 20:0, Se = 62-5; F = 23-2). The parachor of selenium 
deduced from the foregoing data is 55-5, which, although several 
units below the mean value of previous determinations, appears to 
merit confidence in view of the nature and purity of the material 
employed, at least in so far as it relates to selenium when in com- 
bination with carbon monoxide. 

Melting Point —Owing to the small quantity of material available 
in the earlier stages of the research, and to the lowness of the m. p. 
(below — 100°), a method was devised whereby melting points at 
extremely low temperatures may be determined with accuracy. 

Enough carbonyl selenide to provide about 0-25 c.c. of liquid was 
condensed in a vessel (Fig. 7) provided with a small prolongation 
(0-25 cm. diameter, 4 cm. long) at A, in which the rod B carrying 
the pointer C fitted easily. By suitable manipulation, the material 
was all condensed in A, and then frozen solid. The rod B was 
then shaken into A, and rested on the top of the solid, and a thermo- 
couple was bound close to the outside of A. The vessel was then 
allowed to warm up slowly in a packing of cotton wool which had 
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been saturated at first with liquid air and was accommodated in 
a Dewar vessel. The temperature at which the top of the pointer 
C began to move was taken as the m. p. Separate observations 
yielded the values — 122-0°, — 122-2°, and — 122-0°; mean — 122-1°. 
The chromel-eureka thermocouple was calibrated in the following 
standards: melting carbon tetrachloride (— 22-9°), bromobenzene 
(— 30-5°), chloroform (— 63-5°), solid carbon dioxide in acetone 
(— 79-2°), ethyl acetate (— 83-6°), toluene (— 94:5°), ether 
(— 116-2°), and the eutectic of ether and toluene (— 127-2°). In 
all experiments the cold junction was surrounded by melting ice. 
The potential measurements involved were made with a thermo- 
couple potentiometer reading to one microvolt with a 500-ohm 
A. and M. galvanometer which gave a scale deflexion of 11 mm, per 
0-01 millivolt.* 

The value of the m. p. was subsequently determined by allowing 
some 4 g. of solid to melt round a thermocouple junction. The 
temperature recorded, which remained steady for 20 minutes, was 
— 122-2°. 

Boiling Point.—The b. p. was determined by allowing about 4 g. 
of liquid to boil at the atmospheric pressure into an atmosphere of 
dry nitrogen, a thermocouple junction in a very thin glass sheath 
being supported in the vapour just above the liquid. The tem- 
perature remained constant for 25 minutes at — 22-9° + 0-2°/725-0 
mm, This was confirmed by measurements on an independently 
prepared sample. 

Critical Temperature.—For the determination of the critical tem- 
perature, a stout-walled tube, 0-75 cm. diameter by 10 cm, long, 
was one-third filled with liquid carbony! selenide in a vacuum, and 
sealed. The tube was bound to a standardised thermometer, and 
suspended in a well-stirred bath of colourless liquid paraffin, which 
could be heated or cooled at will. The phenomena were observed 
on cooling, and the temperature of formation of the meniscus in 
the cloud in the change of vapour to liquid taken as the critical 
temperature. Several successive readings gave 121-1°, with a 
probable error of + 0-2°. 


Discussion and Summary, 


Carbonyl selenide, prepared by the action of carbon, monoxide 
on heated selenium, is a colourless evil-smelling gas, condensing to 
a colourless, mobile liquid, b. p. — 22-9° + 0-2°/726 mm., and 


* So far as actual temperature measurements were concerned, an accuracy 
of + 0°025° may be claimed. Consideration of the accuracy of the fixed 
points used leads to the view that the results may be trusted to + 05°, but 
that they are probably even more accurate. 
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freezing to a snow-white, crystalline solid, m. p. 122-1 + 0-5°. Its 
critical temperature is 121-1° + 0-2°. Its gaseous density agrees 
with the formula COSe and analysis supports this conclusion. The 
liquid density is 1-812 g./c.c. at 4:1°, and the molecular volume 
59-2 at the same temperature; the coefficient of thermal expansion 
is 0-001756 between 4:1° and 21-1°. The surface tension is 19-32 + 
0-1 dynes/em. at 4-1°, with a temperature coefficient of 0-156 
dyne/cm. between this temperature and 21°6°. Substitution of the 
determined surface tension and critical temperature in the Eétvés— 
Ramsay-Shields equation leads to a value for K of 2-4, which 
indicates that the liquid is not associated. The observed parachor 
is 126-2 (Cale. : 133-7). 

In Table IV the physical properties of carbonyl selenide are 
compared with those of its sulphur analogue. 


TaBLeE IV. 
Carbonyl] selenide. Carbonyl sulphide. 
Bile Ms ncnendcbecdyncocinchvsaxaseoueben —122-2° — 138-2° 
MRI. Cbeapcinevendansdphaswasssenseaes — 22-9° — 50-2° 
ete TTS TEE apa ete 1-811 1-062* 
y at 4°1°, dynes/cm. ..........0+65- 19-32 12-71* 
Critical temperature ............ 121-1° 105° 


* This vol., p. 661. 


Grateful acknowledgment is made to Captain F. P. Mills, of 
the Northumberland and Durham Rescue Brigade, for supplies of 
liquid air which alone made this research possible, and to the 
Research Committee of this College for grants which provided the 
cathetometer and potentiometer used. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, December 1st, 1931.] 





84. Some Physical Properties of Carbonyl Sulphide. 


By THomas Gipson PEARSON, Percy Lucock Rosrinson, and 
JOHN TROTTER. 


THE surface tension of carbonyl sulphide and its density at the 
ordinary temperature have been determined by the methods em- 
ployed in the case of carbonyl selenide (preceding paper). The 
density of the sulphide was only known at — 87° (Stock and Kuss, 
Ber., 1917, 50, 159). 

Carbonyl sulphide, prepared by the action of carbon monoxide 
on sulphur in a manner analogous to the selenide, was dried by 
distillation over phosphoric oxide and fractionated in a vacuum 
with the elimination of head and tail fractions. The middle fraction 
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was sampled, and the vapour density of the portion abstracted 
was determined by the Hofmann method [0-0931 g. gave 34-90 c.c. 
(corr. to N.T.P.); hence vap. density 0-002668 g./c.c. and M, 59-74. 
Cale. for COS: M, 60-00}. 


TABLE I. 
Temp. Liquid, c.c. (corr.). Liquid, g. D, g./e.e. 
0-0° 0-2109 0-2261 1-073 
17-0 0-2201 0-2261 1-028 
32-2 0-2293 0-2261 0-986 
TABLE II. 
Temp. OD,g./e.c.  d, g./e.c. h,mm. y, dynes perem. Parachor. 
2-3° 1-067 0-0375 4-40 13-00 110-8 
17°8 1-025 0-0584 3-79 10-48 111-4 


(r, = 0-04992 cm., 7, = 0-027165 cm., g = 981-45.) 


Discussion of Results. 


From the density at 0°, 1-073, and the coefficient of expansion 
between 0° and 32-2°, 0-002710, the density at — 87° is found to be 
1-30 (Stock and Kuss, loc. cit., give 1:24). The temperature co- 
efficient of the surface tension is 0-1626 dyne per cm. per degree. 

Hempel’s value (Z. angew. Chem., 1901, 14, 865) for the critical 
temperature, viz., 105°, and the above data enable the Eétvés- 
Ramsay-Shields constant to be calculated: its value, 2-02, in- 
dicates that the liquid is not associated. 

From the above data the molecular parachor of carbonyl! sulphide 
is found to be 111-1 units (the value calculated from Sugden’s 
atomic and structural data is 119-4). 


Grateful acknowledgment is made to Captain F. P. Mills of the 
Northumberland and Durham Rescue Brigade for supplies of liquid 
air which alone made this research possible, and to the Research 
Committee of this College for the grant which provided the catheto- 
meter. 


University oF DuRHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, December 19th, 1931.) 





85. The Oxidation of Pentane and Other Hydro- 
carbons. Part I. 
By Litoyp MontcoMERY PrIpGEON and ALFRED CHARLES EGERTON. 


THE discovery of “‘ anti-knock ” substances, and the subsequent 
search for their mode of action, has resulted in the suggestion that 
the combustion of a hydrocarbon is catalysed by some active 
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oxygenated compound or “ moloxide,” the formation of which is 
the initial step in the mechanism of oxidation (Egerton and Gates, 
Aer. Res. Comm., No. 1079, 1926; Callendar, King, and Mardles, 
No. 1062, 1926). This suggestion received strength during the rapid 
growth of the conception of chain reactions and its application to 
hydrocarbon combustion (Hinshelwood and Thompson, Proc. Roy. 
Soc., 1928, 118, 170; Thompson and Hinshelwood, Proc. Roy. Soc., 
1929, 125, 277). 

It was pointed out (Nature, 1928, 122, 204) that ‘‘ peroxidation ” 
was not necessarily inconsistent with Bone’s “ hydroxylation” theory, 
for, once initiated, the combustion might proceed by a variety of 
paths; this was shown to be probable by Hinshelwood and Thomp- 
son (loc. cit.) in the case of ethylene combustion : several investi- 
gators (Mardles, J., 1928, 873; Rideal and Brunner, ibid., pp. 1126, 
2824) have obtained evidence for the peroxidation as an initial step 
in the process of oxidation of a saturated hydrocarbon. On the 
other hand, Bone, in a study of slow combustion of ethane, upholds 
the views that no such peroxide is formed, and that the oxidation 
proceeds by stages of hydroxylation, an alcohol being the first step. 
He allows that at the aldehyde stage there may be formed a certain 
amount of peroxide by a secondary process. Pope, Dykstra, and 
Edgar (J. Amer. Chem, Soc., 1929, 51, 1875) consider that reaction 
with oxygen immediately gives an aldehyde and water, whereas 
Berl, Heise, and Winnacker (Z. physikal. Chem., 1928, 139, 453) and 
Lewis (J., 1927, 1555) suggest dehydrogenation, and production of 
an unsaturated molecule is necessarily the first stage. 

The object of the present communication—the extension of some 
earlier work on the oxidation of acetaldehyde, etc.—is not so much 
to provide evidence for one or other of these processes, as to collect 
further information on the behaviour of some of the higher hydro- 
carbons on oxidation, before attempting to explain what must 
inevitably be intricate. Since the commencement of the work, 
much has been published on combustion of unsaturated hydro- 
carbons, etc. (e.g., Lenher, J. Amer. Chem. Soc., 1931, 53, 3737; 
Lenher and Kistiakowsky, ibid., 1930, 52, 3785; Bodenstein, Z. 
physikal. Chem., 1931, B, 12, 151), which, from the kinetics of the 
processes considered, indicates a direct addition of the oxygen to 
the activated fuel molecule as an initial step, but in the case_of 
saturated hydrocarbons the assimilation of the oxygen molecule is 
not so easily understood, so it is of importance to obtain definite 
information of the behaviour of such compounds. 

One of the authors (A. C. E.) (Nature, Supplement, July 7, 1928), 
by inference from the general behaviour of inhibited combustion ; 
made certain assertions : (1) the slow hydrocarbon combustion was 
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a chain reaction, (2) the products of later stages of combustion 
influenced the initial stages, and (3) the inhibitor is oxidised before 
it is-effective. The present work was carried out in order to prove 
these points. 

The combustion of pentane has been investigated statically, the 
effect of pressure and concentration on (1) the temperature at 
which combustion commences to become rapid and (2) the velocity 
of reaction being studied. Similar investigations have been carried 
out on hexane, amylene, and valeraldehyde, and the influence of one 
combustible on another has been determined; these results will be 
found in Part II (following paper), together with a note on the 
inhibitory action of lead tetraethyl. It is found in all cases that 
the general characteristics of a chain reaction are manifested. An 
induction period, during which no change in pressure is noticed, 
precedes the qttainment of the true rate of reaction, and many 
factors, such as wall surface, inert gas, etc., affect the length of the 
period. No attempt to discuss the kinetics of the combustion in 
detail has been made, as the number of possible reactions is very 
great in the case of the higher hydrocarbons. The method employed 
in these experiments was the “static”’ or constant-volume bulb 
method, the mixture of hydrocarbon vapour and oxygen being 
heated at a known.temperature, and the change of pressure observed 
[compare Bone and Townend, “ Flame and Combustion,” p. 558; 
Hinshelwood ; Mardles; Rideal and Brunner (locc. cit.)]. 


EXPERIMENTAL. 


Apparatus.—The apparatus is illustrated in Fig. 1. While fulfil- 
ling the general requirements of this type of apparatus, it offers 
certain advantages : condensation of reactants or their products as 
liquids is prevented, and the method of introduction of the reactants 
is simple, allowing a considerable range of fuel pressure to be utilised. 
C and D are calibrated constant-volume burettes, in which the 
volumes of fuel and oxygen are measured by noting the pressure on 
the manometer HZ. The fuel burette is maintained at a higher 
temperature than the outside atmosphere to prevent liquid con- 
densation of fuel therein. The interconnecting tubing is also 
electrically heated to a slightly higher temperature. The hydro- 
carbon and oxygen are passed from their respective burettes into 
the mixing chamber B, also suitably heated. By opening the tap H, 
the mixture is forced into the reaction bulb A by the mercury rising 
in the mixing chamber, which, by suitable manipulation of the taps 
at. the base, becomes the left arm of the manometer H by which 
the pressure measurements are then made. 

The capillary connecting the manometer and the reaction bulb 
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is electrically heated to a temperature well above the b. p. of any 
of the reactants or their products of combustion (generally 75— 
120°). Although invisible owing to this jacketing, the left arm of 
the manometer has to be brought to a constant position for each 
reading. A platinum point sealed into the base near the end of 
the capillary enables the setting to be accurately made, for the 
mercury, on touching this point, completes a circuit in which a very 
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small interrupted current is detected by means of high-resistance 
telephones (4000 ohms). In the case of higher-boiling compounds, 
such as hexane and valeraldehyde, it was difficult to prevent some 
condensation in the measuring burette when mercury was run in 
to displace the gas. This difficulty was overcome by cooling the 
reaction bulb in carbon dioxide snow and thus distilling the fuel into 
it. This technique, however, is not available for the examination of 
reaction velocity, as it is necessary to introduce the mixture into 
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the bulb without delay at the temperature in question. In this 
ease it is necessary to employ a lower partial pressure of fuel. 

At the conclusion of an experiment the mercury is withdrawn 
from the interconnecting tubing through the tap F connecting the 
apparatus to the evacuating system. The gases are passed through 
a cooled trap, and the dry gaseous products delivered to a burette. 
With the latter is incorporated the gas-analysis apparatus. The 
whole apparatus is very thoroughly evacuated with a two-stage 
mercury-vapour pump backed by an oil pump. 

By means of the ground joint G the reaction system may be 
removed for cleaning. This joint also provides a means of transi- 
tion from the apparatus of soft glass to a bulb of Pyrex glass or 
silica. During the reaction the left arm of the manometer stands 
well above this joint, forming a closed system. 

Between each experiment, the bulb and interconnecting capillary 
were removed and washed with boiling chromic acid, followed by 
boiling distilled water and sometimes acetone. (For pentane, the 
tube could be cleaned by heating with air, followed by evacuation, 
the process being repeated several times. The experiments sub- 
sequent to this treatment showed no difference from those after 
the tube had been washed as described above; in fact, they were 
rather more uniform. Hexane and some of the other compounds 
deposited a tarry residue, which could only be dislodged by strong 
acid.) 

The furnace consisted of a block of aluminium wound with 
nichrome wire, insulated from the block by a thin sheet of mica, 
and well lagged. Temperatures were measured with a mercury 
thermometer, checked against N.P.L. standards, with careful 
attention to stem correction. Thermometers were placed both in 
the central chamber and in holes bored in the block. A mereury- 
in-glass thermo-regulator maintained the temperature constant to 
0-05°. 

Preparation of Reactants.—The oxygen was prepared by heating 
potassium permanganate, the gas being passed over soda-lime and 
stored over phosphoric oxide. 

The source of the n-pentane was a petroleum distillate. It was 
shaken with fuming sulphuric acid to remove any unsaturated 
compounds, washed with water, and dried with metallic sodium. 
It was then further purified by crystallisation, followed by fraction- 
ation. The portion of b. p. 34-5—35-0°/755 mm. was employed. 

Results.—As pointed out by Bone in 1902, reaction takes place 
with measurable velocity over a considerable range of temperatures 
well below the ordinary ignition point (e.g., ethane and oxygen at 
1-75 atmos. showed signs of incipient reaction at 265°). The lower 
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limit of this region is not sharply defined, and may be strongly 
influenced by a number of factors, such as surface, hence it is un- 
suitable as a point on which to base comparisons of the ease of 
initiation of reaction. For such purposes it is convenient to employ 
what may be called the “reacting temperature.” Lf a gaseous 
mixture of a hydrocargon and oxygen is heated in a closed tube 
provided with a manometer, as temperature increases at a constant 
rate, a certain point will be reached at which the pressure increases 
sharply above the normal gas expansion curve, indicating reaction 
with the production of an increased number of molecules. This point, 
although dependent upon a number of arbitrary factors, is remark- 
ably reproducible in a given apparatus, and forms a useful means of 
recognising the pure hydrocarbon and studying the effect of various 
factors on the ease of initiation of combustion. Mardles, Lewis, 
and Brunner and Rideal (locc. cit.) have already shown that there 
is a temperature at which the combustion more or less suddenly 
begins to become rapid, although not explosively so. It has also 
been shown that the combustion is preceded by an induction period. 

Using n-pentane, we have investigated (a) the influence of various 
factors on the “ reacting temperature ”’; (b) the velocity of reaction. 

(a) A 50% mixture at 760 mm. total pressure if heated at a rate 
of 0-6° per min. from an initial temperature of 210° (there is no 
reaction at this temperature during 90 min.) gives a reacting temper- 
ature of 245—246°, reproducible to + 1°. The point of inflexion 
is not sharp in most cases, but indicates that preliminary reaction 
exists which accelerates to the constant rate indicated by the steep 
partofthecurve. The reaction ends fairly abruptly, and the normal 
gas expansion curve * is resumed at higher pressure. 

Effect of pressure. This is indicated in Table I and Fig. 2. Over 
a considerable range, alteration in pressure does not greatly affect 


TABLE I. 

Effect of total pressure on a 1: 1 mixture of pentane—oxygen. 
Pressure, MM. ......c0000 1040 760 550 400 340 
Reacting temp. ............ 240° 245° 247° 248° 257° 
Pressure increase, % ... — 10-2 8-6 6-7 4-7 


the position of the reacting temperature, although the amount of 
reaction is changed as shown by the percentage pressure increase. 
Near the lower limits of pressure, the reacting temperature is 
appreciably raised. The effect of total pressure is, however, fairly 
uniformly manifested within the range investigated. 

Concentration of reactants. The effect of varying the concentration 


* This is dependent on the composition of the gas and on its behaviour 
on expansion. 
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is illustrated in Table II. At a given pressure, a 1 ; 1 mixture reacts 
most readily, although it does not exhibit the greatest amount of 
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reaction as calculated from pressure increase. 
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Pressure, mm. 
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TABLE II. 


Effect of concentration of reactants on reacting temperature. 


Pressure, mm. Conc. (C;H,,:0,). 


555 
590 
540 
590 


The amounts of fuel which are required for slow combustion are 
greatly in excess of the theoretical. 


1:6 
1:3 
I:l 
2:1 


260° 
251 
247 
250 





Reacting temp. Pressure increase, %. 


5-9 
16-1 
8-6 
6°5 


This illustrates the difference 
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between the initiation of a reaction and its propagation after it has 
been started. A theoretical mixture of pentane and oxygen (1 : 8) 
would have a very high reaction temperature, and would probably 
react explosively. This fact is again illustrated in Table II in 
which the 1 : 3 mixture shows the greatest pressure increase. 

It is noteworthy that the 1 : 1 mixture reacts more readily than a 
higher concentration of fuel, for Bone and Hill (Proc. Roy. Soc., 
1930, 129, 434) found the 2: 1 mixture to be the most reactive in 
the case of ethane, and considered it as evidence in favour of the 
initial formation of two molecules of a primary alcohol by the 
collision of two fuel molecules with an oxygen molecule, though, 
indeed, the reason may equally well be ascribed to the nature 
of the chain reaction. It is probable that somewhat different 
processes take place in the case of higher hydrocarbons. 

The amount of reaction (as indicated by pressure increase, which, 
owing to the complicated nature of the products, is not necessarily 
a true measure of the extent of reaction) is affected both by con- 
centration and by pressure. With the 1 : 1 mixture, the percentage 
increase in pressure is somewhat less than that calculated on the 
basis of the reaction 7C;H,, + 70,—> 3CO, + 2CO + 6H,O + 
6C;H,., it being assumed that the excess fuel does not react and 
appears on the other side of the equation. In this case the increase 
should be 21-5°%, with which may be compared the practical values 
ranging from 6% to 10% according to the pressure. The reaction, 
however, does not follow this simple course: products such as 
aldehydes are formed, and stabilised during the course of the 
reaction. 

Effect of surface. The nature and extent of the surface affect 
the reacting temperature, as shown below and in Fig 3. 








Effect of type of surface on reacting temperature of 
1: 1 mixture of C;Hj, and Og. 


Pressure,mm. Reacting temp. Pressure increase, %. 


Soda glass ......... 775 246° 10-2 
Pyrex glass ...... 805 242 10-0 
ERNUED: So ccescssisees. 20 237 10-0 


Effect of increased surface. 


Soda glass bulb: surface 131 sq. cm. 
800 245 10°5 
Packed with tubes 1 cm. diameter, total surface 462 sq. cm. 
810 255 9-8 


Hence it appears that in the case of pentane the chains are pro- 
pagated in the gas, and are broken on the walls. The different 
effect of various surfaces represents their “ chain-breaking ’’ power. 
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Glass is the most chemically active surface of those under discussion, 
hence the temperature of reaction is highest in a glass vessel. 
Increase in glass surface exerts a powerful inhibitory effect on the 
reaction, and may even prevent a reaction which would otherwise 
have taken place (see later). 

If an inert gas is added, the reacting temperature is appreciably 
lowered. The addition of 300 mm. of nitrogen to a 1:1 mixture 
of pentane-oxygen at 700 mm. total pressure, lowers this temper- 
ature from 245° to 241°. This agrees with observation on the other 
hydrocarbons (Thompson and Hinshelwood, Joc. cit.). The chains 
are fairly long, and normally terminate on the surface of the reaction 
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vessel, so that when the number of collisions between molecules of 
the reacting gas and the walls is reduced by the addition of inert 
molecules, the whole reaction is accelerated. 

It appears that the effect of walls did not alter the course of the 
reaction, for in all cases the amount of pressure increase was the 
same. The rate of reaction in the case of the packed bulb was more 
rapid, as would be expected from the fact that a higher temperature 
must be reached before the reaction is initiated. 

Rate of heating. It is apparent from the curves that reaction 
begins prior to the point which is considered as the reacting temper- 
ature. Hence the rate of heating will influence the magnitude of 
this quantity. Rapid heating will carry the mixture to a higher 
temperature than slow heating before reaction occurs, as it does not 
give time for the preliminary steps which are necessary for reaction 
at these temperatures. These differences are not as large as might 
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have been expected, and it is a simple matter to control this variable 
(compare Lewis, J., 1930, 58). 

The reaction mixture was usually heated at a rate of 0-6° per 
min., starting from an initial temperature of 210°. The reacting 
temperature of a 1:1 pentane-oxygen mixture at 760 mm. under 
these conditions is 254°. Very much slower heating lowers it to 
243°, and when the gas is run into the reaction vessel at 240°, and 
the furnace heated as rapidly as possible, a temperature of 250° is 
attained. This explains the wide differences in values for the react- 
ing temperature which are found between the static and dynamic 
(or flow) methods of oxidation. In the latter case, the gas as a whole 
is held for a shorter space of time in that region of temperature in 
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which the active centres can accumulate. Hence a higher temper- 
ature must be reached to compensate for the lack of time. 

(b) Velocity of Reaction.—If a mixture of oxygen and pentane is 
admitted to the bulb at some suitable temperature, reaction takes 
place after the lapse of an induction period during which little change 
in pressure is noticed. In the case of a 1 : 4 pentane : oxygen mix- 
ture at a total pressure of 400 mm., the measurable reaction extends 
from approximately 230°, at which it is barely perceptible, to 280°, 
at which explosion (rapid reaction with flame) occurs. Carbon is 
deposited in the tube in a fine furry condition, an occurrence which 
does not take place during the normal measurable reaction. The 
kinetics of oxidation in the region between these two limits have 
been examined to show the effect of temperature, pressure, surface, 
etc. In view of the interest attached to the initial stages of reaction, 
experiments at relatively low temperatures with higher pressures 
and concentration of fuel have been carried out at 220°. 
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By plotting time against pressure increase (as a percentage of 
the final pressure increase), sigmoid curves are produced (Fig. 4) 
which are characteristic of gaseous oxidation of hydrocarbons. 
After the induction period, the rate of reaction is fairly constant 
over a range of approximately 40—80% of reaction on the above 
basis. In the tables which follow, this value represents the reaction 
rate after the induction period has been completed, and before the 
reaction begins to slacken owing to consumption of the reactants or 
retardation by end products. 

A Pyrex bulb of approximately 90-c.c. capacity was used as the 
reaction vessel. 

Effect of temperature. The variation of reaction velocity with 
temperature is indicated by the following data : 


O,, mm, C;H,,, mm. Temp. to.5, Mins. tog — tog, Mins. 
310 110 280° 1-0 (Explosion) 
314 111 270 6:7 2-0 
311 84 265 19-5 5-0 
311 92 260 32-0 7-2 


An appreciable induction period is always observed even when 
the ensuing reaction takes place explosively (see Fig. 4). 

In general a linear relation connects the logarithm of 4 (the 
time to half value) with the reciprocal of the absolute temperature. 
The heats of activation corresponding to these curves are about 
50,000 cals., but not enough is known of the nature of the reaction 
to justify any definite conclusions as to the length of the chains. 

Effect of pressure (order of reaction). The numerical values show- 
ing the effect of pressure on the reaction velocity are given below : 
the effect is most marked in the induction period. 


C,H,,: 0; = 1:1, at 266°. 


Pressure, mm. to.55 mins. tog — t4, mins. 
202 (No reaction) +H 
299 13-0 1-3 
423 4-7 0-9 
504 3-0 0-1 


When log P is plotted against log t,,, an approximately straight 
line is produced, corresponding to an order of reaction between 
2 and 3. 

Concentration of reactants and reaction velocity. The effect of 
alteration in concentration of fuel and of oxygen is as shown : 


Variation in conc. of O, (at 265°). Variation in conc. of C,H». 

0, CsHi., fo.5» fog — boas OO, CsHie, toss tos — tow 
mm. mm... mins, mins. mm. mm, mins. mins. 
203 90 29-0 5-1 203 220 4:6 1:3 
311 84 19-5 6-6 203 156 8-3 1-0 


407 90 8-0 37 203 90 29-2 5-1 
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Alteration in fuel concentration entails greater change in the 
reaction velocity than a corresponding change in oxygen concen- 
tration. These facts are in accord with the general properties of 
chain reactions. It appears that the reaction is most readily 
propagated when the initial activated complex collides with a 
second fuel molecule. 

Addition of inert gas. Addition of 200 mm. of nitrogen toa 1:3 
pentane : oxygen mixture at 400 mm. total pressure reduces the 
time for half reaction from 19 to 12 mins. This effect is noticed 
largely during the inducticn period, in agreement with the suggestion 
that the inert gas keeps the active centres which propagate chains of 
reactions from becoming deactivated on the walls, thus indicating 
that the chains may not be short. 

(b’) Reaction Velocity at Low Temperature.—By increasing the 
total pressure and the fuel concentration, it is possible to obtain 
reaction at lower temperatures. Slow reaction was obtained as 
low as 220°, with a long induction period. The results in this region 
were usually erratic, probably because the great time required by 
the reaction allowed abnormal factors to exert their effect. It 
was, for example, impossible to detect any definite acceleration by 
the addition of inert gas. 

Effect of temperature. Experiments at various temperatures with 
a 1:1 pentane-oxygen mixture at 780 mm. total pressure are given 
below : 


Temp. to.5, Mins. tog — ty4, mins. Press. increase, %. 
220-6° 147-0 27 7-2 
233-2 80-5 19 7-5 
231-0 68-0 19 75 
239-0 48-5 13 8-5 


The erratic nature of the results is evident. When 1/7’ is plotted 
against the logarithm of ¢,, a straight line is not produced: the 
curve flattens at low temperatures, denoting an abnormally low 
temperature coefficient. In view of the shape of the curve, denoting 
as it does a complex process, it is not possible to attach any special 
meaning to values of activation energy calculated therefrom. 

Effect of pressure. The effect of pressure on reaction below the 
normal region of reaction is shown by the following data for a 1 : 1 
mixture at 231°: 


Pressure, mm. to.5, mins. to.g — tog, mins. Pressure increase, %. 
421 173 35 7-5 
766 68 18-5 8-3 
1115 57 15-0 7-3 


The induction period is again most sensitive to alteration in pressure ; 
otherwise the reaction proceeds in a similar way, the increase in 
pressure is the same, and gas analysis indicates a similar reaction. 
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Effect of surface. Increase in wall surface exerts a powerful effect 
on the reaction at low temperatures. When a soda-glass surface is 
increased 3-4-fold, a 1 : 1 mixture at 231° and 800 mm. total pressure 
fails to react after 2 hours’ heating. The time to half reaction in this 
case would normally be about 1 hour. In spite of the marked effect 
of packing the bulb, no definite effect of inert gas could be detected. 
In some cases a definite acceleration was noticed, but in as many 
others no change occurred. Hence it seems that in this region, 
while surface exerts its customary effect of breaking chains, in some 
way the inert gas fails to prevent this chain breaking. It appears 
that chance circumstances often govern the course of events during 
the very long induction period. On many occasions, reactions, 
which later proceeded with identical velocity, showed quite a differ- 
ent length of induction period. These differences were relatively 
large, in some cases over 10 minutes. 

Analysis of Gaseous Products of Combustion.—The analyses here 
considered were in all cases performed on the dry gaseous products 
obtained by passing the combustion products through a trap cooled 
in carbon dioxide snow. The apparatus used included a special 
absorption pipette, in which the gas was washed with a fountain 
of fresh absorbent (Egerton and Pidgeon, J. Sci. Inst., 1931, 8, 7). 
it would be difficult to effect a complete analysis of all the products 
of combustion of pentane, and would entail a long investigation. 
The analyses were only intended as a check on the general behaviour 
of the combustion, and a few notes on them are added. 

The average composition of the end products of a number of 
oxidations of a 1 : 1 mixture at 760 mm. total pressure, which were 
heated from 210° to 260° in the manner described previously, was 
CO,, 27-0; CO, 30-0; O,, 5-0; residue, 38-0%. Although all the 
oxygen is not consumed, a combustible residue remains. Its amount 
depends on the concentration of oxygen in the original mixture, 
being small if a large excess of oxygen is used. This is illustrated 
in the following table. All the gas could be pumped from the 
apparatus, and collected for analysis, hence these results show the 
actual amounts of gas added to, and removed from, the apparatus 
after the experiment, with the volumes corrected to N.T7'.P. 


Gas added, c.c. Gas collected, c.c. 

O,. C;H >. CO,. O,. co. Residue. 
21-0 24-0 3-8 1-0 3-7 4:3 
11-5 23-6 3-2 1-1 3-1 7-2 
28-2 9-1 6-4 4-4 5-1 3-2 


In the first two cases the amounts of carbon oxides produced are 
substantially the same, but where there is a deficiency of oxygen a 
large amount of residue is produced; 1.e., the initial stages of the 
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reaction depend mainly on the fuel concentration, and variation in 
oxygen concentration does not affect so much the initial reaction as 
the subsequent steps. 

This is further seen by a consideration of oxygen consumption. 
The carbon oxides indicate the fate of part of the oxygen. If it 
is assumed that for every carbon atom which appears as an oxide 
1 mol. of water is formed (disposing of the organic group CH,), at 
least a comparative means of tracing the oxygen is offered. If 
this is done in the case of the 1 : 1 mixture listed in the above table, 
42% of the added oxygen may be accounted for, the remainder 
having gone to form complex compounds such as aldehydes and 
acids, which are removed by condensation in the trap. In the 
second case (C;H,,: O, = 2: 1), 77% of the oxygen is accounted for, 
almost the same amounts of carbon oxides being formed. On the 
other hand, in the last case (C;H,. : O. = 1 : 3) 64% can be accounted 
for. Hence the 1 : 1 mixture seems to form the largest amount of 
aldehydes, etc., in the final products. 

In the case of reaction at low temperatures, as described in the 
previous section, larger proportions of condensable oxygenated 
compounds are formed, the amount being considerably reduced by 
increase of oxygen concentration; for instance, at 231° a 1:1 
mixture accounts for only 33% of the original oxygen, while a 1: 3 
(C5H,,: O,) mixture shows 50%. 

Induction period. Many analyses were performed on the pro- 
ducts of reaction removed from the mixture at various stages of 
the induction period in the case of a reaction performed at low 
temperature, The results were : 


C;H,,:O, = 1: 1; 800 mm. total pressure. 


Final pressure increase, %. CO,,%. Os %- CO, %. Residue, %. 
100-0 44-0 6-2 25-3 42-5 
3-0 0-7 92-6 3°0 3: 
4-1 1-0 85-5 5-5 8-3 
11-0 7-4 64-6 3°7 22-5 


The induction period is considered to be complete after 10% of the 
pressure increase has taken place; during this time it is apparent 
that oxygen is being absorbed, but at the same time considerable 
amounts of carbon monoxide and residue are formed, accompanied 
by a small amount of carbon dioxide. During the induction period, 
the fallin pressure which would be expected owing to absorption of 
oxygen is balanced by the attendant decomposition of some of the 
active complex to carbon oxides. 

It is of interest to compare the values of oxygen consumption 
during the induction period as found by other investigators. Rideal 
and Brunner (loc. cit.) found that 30% of his oxygen had reacted 
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before the rapid reaction would set in. Fort and Hinshelwood (Proc. 
Roy. Soc., 1930, 127, 218), in the case of benzene, found that after 
4% reaction, 11% of the oxygen had been utilised. Bone and Hill 
(loc. cit.) found no chemical change whatsoever with ethane till the 
end of the induction period. It seems clear that there is a difference 
in the behaviour of the higher hydrocarbons and the lower members ; 
and further experiments are being made. 


Conclusion. 


The kinetics of the oxidation of pentane point to the existence of 
reaction chains. An induction period exists, during which the 
active centres are accumulating. The chains are initiated in the 
gas, and broken at the wall of the containing vessel; thus, addition 
of an inert gas produces acceleration. Reaction takes place most 
easily in the case of a 1 : 1 mixture, although when once initiated, 
more vigorous reaction is produced by higher concentrations of 
oxygen. Both the effect of pentane concentration on the velocity 
of reaction and the results of gas analysis show that the early stages 
of the reaction are dependent on the initial concentration of pentane, 
and not on that of oxygen. It has been shown that reaction will 
take place at lower temperatures, but in this region the results are 
more erratic. 

The general evidence from these experiments is that the initial 
step in the oxidation of pentane is the formation of an oxygenated 
complex by collision between a molecule of fuel and one of oxygen, 
reaction being propagated when this complex collides with a second 
molecule of fuel. The momentary absorption of an oxygen molecule 
into the hydrocarbon molecule would lead to breakdown into an 
aldehyde. Reaction occurs mainly at the surface by a different 
mechanism until temperatures in the neighbourhood of the “ reacting 
temperature’ are reached. Although active centres from which 
chains of reaction start out must be formed during the induction 
period, the surface is exerting its effect in stopping the chains. The 
surface therefore probably plays a double réle. The exact nature 
of these initial steps, however, has yet to be explained. 


Summary. 
(i) The temperature at which reaction proceeds rapidly in pentane- 
oxygen mixtures increases as the pressure decreases, and is lowest 
for a mixture of equal concentration of pentane and oxygen. The 
temperature is lower in a silica vessel than in one of glass, and is 
raised with increase in surface. The addition of nitrogen lowers 
this reacting temperature. 
(ii) The effects of temperature, pressure, and concentration on the 
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reaction velocity were determined. The reaction velocity is affected 
more by change of fuel concentration than by that of oxygen. 

(iii) The effects of temperature, pressure, surface, and diluents 
on the period of reaction preceding rapid reaction were investigated : 
they were somewhat irregular, as might be expected from the nature 
of the period of induction. 

(iv) The oxidation has the general characteristics of a chain 
reaction. 


CLARENDON LABORATORY, [ Received, December 19th, 1931.] 
OxForD. 





86. The Oxidation of Pentane and Other 
Hydrocarbons. Part II. 


By Lioyp Montcomery Prpcron and ALFRED CHARLES EGERTON. 


In continuation of Part I (preceding paper), experiments have been 
made (a) on the oxidation of hexane, amylene, valeraldehyde, iso- 
pentane, isoamyl alcohol, and (b) on the effect of these substances 
on the oxidation of pentane. A note is added on the action of lead 
tetraethyl as an inhibitor of the oxidation of pentane. The main 
object of these experiments was (i) to determine the behaviour on 
oxidation of various substances which might be formed in the early 
stages of the oxidation of pentane, so as to provide information 
about the latter process, and (ii) to discover whether the presence 
of a small quantity of a mixture already reacting could initiate the 
oxidation of pentane at a lower temperature than that at which 
it would otherwise react. 

The experimental arrangements were similar to those described 
in Part I. 

(a) Hexane.—The hexane examined was a petroleum distillate, 
b. p. 67—68°/741 mm. It was freed from unsaturated compounds 
and distilled from metallic sodium. 

Reacting temperature. At 620 mm. total pressure, a 1 : 1 mixture 
reacts at 223° in a Pyrex bulb, and at 224° in a glass bulb. These 
values are lower than that, viz., 232°, obtained by Brunner and 
Rideal under somewhat similar conditions. 

Reaction velocity. The kinetics of the oxidation of hexane in the 
gaseous state have been examined in a similar manner to that 
described for pentane, but a detailed description is not given since, 
in general, the same characteristics were observed. 

Reaction at low temperature. In the experiments of Brunner and 
Rideal (J., 1928, 1162), carried out at 210°, a large decrease in 
pressure (15 mm.) was observed during the induction period. Since 
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this does not take place in pentane, it seemed of interest to investig- 
ate the point. A number of oxidations were carried out at this 
temperature, a 1 : 1 mixture being used at 760 mm. total pressure. 
In all cases an unmistakable fall in pressure took place, but much 
smaller than that quoted by these authors. It appeared that this 
reduction in pressure was due to liquid condensation in the capillary 
connecting the reaction vessel and manometer. Accordingly, the 


‘temperature of this capillary was varied between 40° and 120°. 


The reduction in pressure during the induction period under these 
conditions varied in a rather irregular way between 0-8 mm. for the 
higher temperature and 4 mm. for the lower, indicating, however, 
a general trend. Hence, this phenomenon is almost certainly not 
due to absorption of oxygen directly, but rather to the formation 
of some non-volatile product which condenses in the cooler parts of 
the system. In all cases of reaction of hexane at low temperatures, 
a heavy liquid or semi-liquid deposit occurred in the tube : this does 
not find its counterpart in the case of pentane, nor does it occur with 
hexane if the reaction takes place at higher temperatures.* 

Amylene.—Amylene has been examined in the present apparatus 
for purposes of comparison with the work of Lewis (J., 1929, 759), 
and because of its intrinsic interest as a possible stage in the process 
of the oxidation of pentane. 

The fraction of b. p. 36—36-5°/746 mm. was used. The reacting 
temperature is manifested in a different manner from that with 
pentane. When a1: 1 mixture of amylene and oxygen at 760 mm. 
total pressure is heated at a rate of 0-6° per min. from 200°, the 
normal gas curve is followed for a short time, then the pressure begins 
to fall below it. At 215° this drop in pressure becomes quite sharp, 
and continues until a minimum is reached at 236°. The depression 
in pressure is about 50 mm. or 7% of the total. A fairly sharp 
minimum is registered, after which the pressure rises rapidly, falling 
off, however, to a normal gas curve at a pressure well below the 
original at this temperature. At lower fuel concentrations, the drop 
in pressure is replaced by a period of no pressure change, after which 
the pressure rises rapidly in a manner similar to that of pentane. 
This is illustrated in Fig. 1. 

Lewis (loc. cit.) obtained similar curves, but did not differentiate 
between the effect of total pressure and of concentration. It will 
be seen that the two different types of curve are obtained by variation 
in concentration alone. 

If the reaction is carried out at 211-5°, a long induction period 
occurs during which a steady fall in pressure takes place. A mini- 


* When heptane is oxidised, considerable quantities of a solid resinous 
product are formed, which condense at comparatively high temperatures. 
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mum is reached when 7-5%, of the original volume has disappeared, 
after which the pressure rises. These variations in pressure make it 
difficult to follow the kinetics of reaction by noting the pressure 
variation. There was no evidence in this case of any condensable 
substance forming in the capillary, and the reduction in pressure 
is due mainly to direct absorption of oxygen by the unsaturated 
substance. 
The results of the gas analyses are of interest : 





C5H,,: 0, = 1:1; at 760 mm. total pressure 
CO,, %- Og % CO, %. Residue, %, 
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At the point of minimum pressure 67% of the final amount of 
carbon dioxide has been produced, and about the same amount of 
oxygen consumed. The rapid drop in pressure is probably caused 
by the absorption of oxygen, which overcomes the increase of 
pressure due to the formation of carbon oxides. When, however, 
there is a large excess of oxygen present the latter process pre- 
dominates, and the minimum is obliterated. With the 1 : 1 mixture 
only 33% of the oxygen can be accounted for in the manner described 
in the preceding paper, indicating the presence of a large percentage 
of condensable compounds removed by cooling the gas before 
analysis. 

Valeraldehyde.—The reacting temperature of valeraldehyde (b. p. 
98°/755 mm.) was investigated as in preceding cases. A mixture 
of valeraldehyde with pure oxygen has a much lower reacting 
temperature than any of the compounds that have been examined. 
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Al: 1 mixture reacts at 84° in a manner analogous to that described 
for amylene (see Fig. 2). A drop in pressure takes place to the 
extent of 25% of the original, after which a rapid rise follows, though 
the pressure never reaches the original value, Reaction at lower 
concentrations of fuel is similar to that with amylene; the fall in 
pressure is obliterated by a rapid increase, the latter process taking 
place at considerably higher temperature (see Fig. 2). Gas analysis 
of the end products shows that 80°, of the original oxygen may be 
traced to carbon oxides (largely dioxide) and water, as compared 
with 42% in the case of pentane. Hence, valeraldehyde is more 
completely burned than the corresponding hydrocarbon. Coupled 
with the fact of the initial ease of oxidation, this indicates that the 
formation of an aldehyde group on the carbon chain in the case of 
pentane would be a probable early step in the mechanism of oxidation 
(Pope, Dykstra, and Edgar, J. Amer. Chem. Soc., 1929, 51, 1875). 
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isoPentane and isoAmyl Alcohol.—The isopentane (kindly supplied 
by Dr. Mardles) boiled at 31-6°/764 mm, and probably therefore 
contained some n-pentane. The reacting temperature of a 1:1 
mixture at 800 mm. total pressure was 245° (verified a number of 
times), i.e., about the same as for -pentane. 

Owing to its low volatility, it was difficult to employ a high partial 
pressure of isoamyl alcohol in the apparatus. A 1:1 mixture at 
600 mm. total pressure did not react up to 280°, at which tem- 
perature a mild explosion sometimes took place. At 450 mm. total 
pressure a 1 : 1 mixture showed no reaction up to 291°: it was not 
heated above this temperature. Hence it appears that the alcohol 
is definitely more difficult to oxidise than the corresponding hydro- 
carbon, under the same conditions of concentration, total pressure, 
and surface. -Pentane-oxygen (1: 1) would react rapidly at 250° 
at 450 mm. pressure, 

(b), Bffect of adding a Third Compound to Pentane—Oxygen Miz- 
tures.—If the combustion of a hydrocarbon proceeds in such a way 
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that the active molecule combining with oxygen forms an active 
complex, providing in turn an active product to transmit the chain, 
the formation of this initial compound depends, among other 
factors, upon temperature. A certain temperature must be attained 
in the normal case before there will be enough active centres formed 
in a given time to exceed the number which are destroyed. Until 
this takes place the “ stationary ”’ state cannot be passed, and the 
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reaction only proceeds slowly at the walls. The temperature at 
which this more or less rapid homogeneous reaction takes place 
varies for different compounds, and is clearly influenced by the 
deactivating surface, and is closely related to the “ reacting tem- 
perature.” Hence, it seemed that the active complex formed during 
the oxidation of one compound might be able to activate some other 
similar compound and cause it to react at a temperature at which 
itis normally unreactive. Thus a small quantity of hexane (reacting 
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temperature 223°) might be expected to hasten the oxidation of a 
large amount of pentane (reacting temperature 245°). If this were 
to happen, it would be additional evidence in favour of the theory 
of chain reactions as applied to the oxidation of pentane, and might 
be interesting from the point of view of exchange of activation energy. 

Mardles has already shown (J., 1928, 873) that benzene, aniline, 
etc., can be oxidised at much lower temperatures when present in 
small quantity with another hydrocarbon undergoing combustion, 
but this is not quite the same as initiation of combustion of the 
major part by the presence of a small quantity of a second hydro- 
carbon which reacts at a lower temperature. 

It is also of interest to add compounds which would be expected 
on the hydroxylation theory to appear during the normal course of 
slow combustion, in order to ascertain if any one exerted a marked 
accelerating effect on the reaction as a whole. 

The effect of these added compounds on the “reacting tem- 
perature ” is indicated in Fig. 3 and the following table : 


C;H,,, Added compd., Reacting 


Added compound. O,, mm. mm. mm. temperature. 
Choemal)  ovccocrevessece 388 382 — 245° 
MIND. ccantesipndenserss 358 376 lll 236 
ER ey 305 305 68 245 
Lo ae a hE Pree 380 375 15 245 
Valeraldehyde ......... 400 405 86 (obliterated) 


Hexane thus lowers the reacting temperature, but amylene and 
water vapour apparently have no effect, and valeraldehyde com- 
pletely removes the sharp inflexion by causing reaction at lower 
temperatures, but at the same time regulating the later reaction in the 
manner shown in the accompanying graph. The absence of effect 
with water is to be expected, as no attempt to produce intensive 
drying was made; hence it may be assumed that a certain amount 
of water is present on the walls of the apparatus at all times, and 
addition of further water is without effect. 

The same compounds have been added to pentane—oxygen 
mixtures at low temperatures to show their effect orf the initial 
stages of reaction. The results (Fig. 4 and following table) again 


Compound O,, C;H,., Compound, {4 .;, tos — toa, 
added. mm. mm. mm. mins. mins. 

Reaction at 220°. 

(Normal) _............ 365 370 oe 147 27 

ee 342 336 107 81 18 

ENEIND sccacesecesces 378 332 87 (Drop in pressure) 

Valeraldehyde ...... 395 395 78 29 32 
Reaction at 210°. 

(Normal) ............ 397 392 — (No reaction after 180 mins. 

Valeraldehyde ...... 394 395 75 6 
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show the very marked accelerating effect of valeraldehyde: the 
induction period is greatly shortened, and the subsequent reaction 
somewhat retarded. It is also interesting that hexane shortens 
both induction period and subsequent reaction. Amylene seems to 
exert no effect: from the curve it appears to be oxidised inde- 
pendently of the pentane with consequent reduction in pressure. 
isoAmyl alcohol was also without effect. Valeraldehyde, as well as 
hastening the initial stages of reaction, causes reaction at tem- 
peratures below which it normally takes place. A consideration 
of the increase in pressure, coupled with results of analysis, confirms 
the fact that at 210° the pentane has reacted when in the presence 
of valeraldehyde. 
Fie, 4. 
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Thus it appears that the active products formed during the 
oxidation of one compound may initiate chain reactions in a second 
mixture which, if the conditions are suitable, may lead to reaction 
of the mass of the gas. 

This effect of aldehyde is by no means an isolated observation. 
Bone and Hill (Proc. Roy. Soc., 1930, 129, 434) have stated that 
acetaldehyde added to a reacting mixture of ethane and oxygen will 
cause explosion. It is probable that the ease with which acet- 
aldehyde forms a peroxide is the reason for its activity (Bowen and 
Tietz, J., 1930, 234). 

In conformity with a suggestion (Egerton and Gates, Aer. Res. 
Comm., R. & M. 1079, 1926) regarding the effect of “ anti-knock ” 
compounds, which greatly raise the igniting temperature of alde- 
hydes, the products of combustion of an aldehyde were held to be 
partly responsible for the catalysis of the hydrocarbon combustion. 
The inhibitor became effective in preventing the formation of these 
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products by retarding the oxidation of the aldehyde.* The aldehyde 
was produced by the decomposition of the initially formed peroxide, 
and was present in small concentration. There were reasons 
against this view, for aldehydes added to petrol have not been found 
to act as potent pro-knocks. In the case of slow combustion, 
however, the suggestion is supported. Further investigations are 
being made on this point. 

The negative effect of amylene may be regarded as evidence against 
the theory of dehydrogenation of the molecule prior to reaction 
(see Lewis, loc. cit.; Berl, Heise, and Winnacker, Z. physikal. Chem.., 
1928, 139, 453), for the oxidation of this unsaturated compound 
apparently does not produce an initial complex which is able to 
catalyse the oxidation of pentane, while the behaviour of isoamyl 
alcohol is not such as would be expected if it formed an essential 
early stage in the reaction. 

It is difficult enough to ascertain the exact course of the reaction of 
a hydrocarbon such as ethane, but in the case of the higher hydro- 
carbons, the possible complications are far greater, and what happens 
in the case of the lower hydrocarbons is not necessarily followed by 
the higher members. The present experiments do not purport to do 
more than indicate certain features of the process of oxidation, and 
to point the way to further investigations. 


Note on the Action of Lead Tetraethyl during the Oxidation of Pentane. 


It has been shown (see Egerton and Gates, loc. cit.) that lead 
tetraethyl raises the self-ignition temperature of pentane—air 
mixtures, the effective part of this inhibitor being the metal radical. 
Numerous colloidal metals have been tried, and several found effec- 
tive; even the vapour of potassium was very effective. Under the 
conditions of those experiments, it was certain that the potassium 
was oxidised before reaching the reaction vessel. Hence it was the 
oxide which was effective in inhibiting the oxidation. This sug- 
gested that all metals which were effective in this connexion acted 
in an incipient state of oxidation. The idea was further strengthened 
by the observation that most of the metals which were effective could 
exist in two states of oxidation, the equilibrium temperature being 
approximately that at which the inhibitor is effective. 

In view of the fact that the metallic oxide, to be effective, must 
be present in the molecular condition, it is difficult to prove the 
point, and some investigators have found that the oxides (e.g., lead 
oxide) are ineffective (almost certainly because insufficiently dis- 





* But not only the aldehyde, because aldehydes did not accumulate, and 
the initial hydrocarbon oxidation was also thought to be inhibited (Nature, 
Supplement, July 7, 1928). 
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perse). The work now to be described provides direct evidence that 
the inhibitor must be oxidised before it is effective. 

Apparatus.—Certain alterations were made to the apparatus. A 
separate line was added between the reaction vessel and the evacu- 
ating system, so that the products of combustion could be removed 
without contaminating the rest of the apparatus. In spite of this 
precaution, the apparatus soon becomes contaminated, and it is 
necessary to dismantle it completely for cleaning. 

The lead tetraethyl was added from a tube containing the liquid, 
which was sealed on below the ground joint G (see Fig. 1 of Part 1). 
The vapour first passed into a small bulb of about 5-c.c. capacity, 
and when this was placed in communication with the reaction vessel, 
the resultant equalisation of pressure gave an amount of lead 
tetraethyl equal to about 0-1°% of the total mass of the reacting gas. 
In the normal course, the inhibitor was added to the heated bulb 
before the mixture of pentane and oxygen. It was also possible to 
add oxygen to the inhibitor, and to heat the mixture so formed for 
a short time before the addition of the reacting mixture. 

The following standard conditions were chosen: a 1 : 3 mixture 
of pentane : oxygen at a total pressure of 400 mm. was added to the 
chamber at a constant temperature (265° -+ 0-1°); Pyrex bulbs of 
approximately 80-c.c. capacity were used as the reaction vessels. 

Results.—The effect of the addition of lead tetraethyl under 
various conditions to oxygen—pentane mixtures is indicated in 
Fig. 5 and below : 


O,, CsHi2, tos, tos — toss 


mm. mm. = “mins. mins. 

309 108 19-8 4-2 Average of a large number of determin- 
ations. 

309 112 10-7 3-7 PbEt, added before mixture. 

310 110 55-7 11-2 PbEt, oxidised for 7 mins. before addition 
of mixture. 


When the lead tetraethyl is added alone, the reaction of the 
pentane is somewhat accelerated, but when it is oxidised before the 
reacting mixture is added, the resulting reaction is strongly retarded. 

After a number of experiments which yielded results similar to 
those shown above, the apparatus became contaminated, so that 
when the lead tetraethyl was added, the reactions were inhibited 
in all cases, even when it did not receive preliminary oxidation. The 
reactions under these conditions followed the type indicated by 
x in Fig. 5. The initial acceleration took place, but the reaction 
was immediately inhibited. The products cf combustion of the lead 
compound from previous experiments still appeared to be exerting 
their inhibitory effect. These substances must find their way into 
the reacting chamber in very minute quantities, coming from other 
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parts of the apparatus, for the bulb and capillary were washed with 
boiling chromic acid after each experiment. 

The apparatus was completely reconstructed before normal runs 
could be again obtained. In later experiments it was not possible 
to repeat the accelerating effect of the inhibitor when first added, 
though before preliminary oxidation it exerted very little effect 
either way. After preliminary oxidation, however, the powerful 
retardation was immediately obtained. It is possible that the 
accelerating effect is due to the ethyl radicals, but this has yet to be 
proven; it may be an effect on the walls of the vessel. It must be 
pointed out that once the reacting mixture is added, oxidation of the 
lead can commence; so that the accelerating effect would not be 
likely to persist. 


Fie. 5. 
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These experiments provide direct evidence that the lead must 
first be oxidised before it is effective as an inhibitor. 


Summary. 

(i) In the slow combustion of hexane, amylene, valeraldehyde, 
and isoamyl alcohol, the temperature at which oxidation becomes 
rapid, and the influence of total pressure and concentration on the 
reaction have been noted. The decrease in pressure in the case of 
hexane is mainly due to formation of a condensable product, but in 
the case of amylene to direct absorption of oxygen. 

(ti) The influence of these compounds on the oxidation of pentane 
has been determined. Active hexane is able to initiate reaction in 
pentane mixtures at lower temperatures than would be the case in 
pentane-oxygen alone, and valeraldehyde is still more effective. 
Amylene and isoamyl alcohol, on the other hand, are ineffective. 
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These facts do not accord well either with primary dehydrogenation 
of the reacting molecule or with hydroxylation. 

(iii) Lead tetraethyl acts as an inhibitor, but the lead has to be 
oxidised before being effective. 


CLARENDON LABORATORY, 
Oxrorp. [Received, December 19th, 1931.] 





87. The Slow Combustion of Acetylene. 


By Rospert SPENCE. 


ALTHOUGH it has long been suspected that the slow oxidation of 
hydrocarbons proceeds by a chain mechanism, it has not been 
possible until recently to reach any definite conclusions on this 
subject. In the case of ethylene and oxygen, Spence and Taylor 
(J. Amer. Chem. Soc., 1930, 52, 2399) showed that introduction of 
ozone into the gas mixture caused additional amounts of oxygen to 
react, indicating the operation of a chain mechanism. Later, 
Kistiakowsky and Lenher (ibid., p. 3785) found that the kinetics of 
the acetylene-oxygen reaction were more consistent with a chain 
mechanism than with a simple mechanism. A more detailed 
investigation of the same reaction was undertaken by Spence and 
Kistiakowsky (ibid., p. 4837). An apparatus was designed, in which 
any desired amounts of the gases could be circulated through a 
furnace at a given temperature, and the condensable products 
separated in a trap at —78°. The diminution in total pressure was 
approximately equal to the amount of acetylene reacting, so the 
reaction rate could be followed manometrically and the initial rate 
for a large number of different mixtures determined. After an 
experiment, liquid and gaseous products were analysed. It was 
found that the rate is accelerated by oxygen when acetylene is in 
excess of the optimum mixture (1-4C,H, -+ O,), but is retarded by 
it when oxygen is in excess. At the optimum oxygen concentration 
the rate is proportional to the square of the acetylene concentration, 
while when less oxygen is present it is proportional to a lower power 
of acetylene concentration. Under the conditions studied, the 
reaction exhibits an induction period of about 25 secs. By using an 
improved form of apparatus, in which gas analyses could be carried 
out by the Bone and Whee'er method, the investigation has been 
extended to conditions of variable surface, very large excess of 
oxygen, etc. 

Influence of Surface upon the Reaction Velocity Kinetic measure- 
ments at high rates of flow of gas through the furnace, such as 
experiments within the induction period require, cannot be given @ 
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quantitative interpretation owing to the operation of undetermined 
mechanical factors on the rate of diffusion in the gas, and therefore 
on the reaction rate. For this reason, experiments in a static system 
are to be preferred. However, important deductions of a qualitative 
nature can be made from the results of the circulating experiments 
summarised in Table I, in which “‘ dz/dt, corr.’ is the rate of pressure 
change (in mm. per 10 mins.) corrected to 98 c.c. volume: The 
volume per unit surface of furnace is given in column 5, and the time 
during which a given volume of gas was in contact with the furnace 
is recorded in column 6. 


Tase I. 
Experiments at 320° in the induction period. 

C.H,, O,, Vol. of fur- C.c./em.2 Contact dx/dt, 

No. mm. mm. nace, C.c. x 10%. time,secs. dx/dt. corr. 
1 175-8 172-3 98 68 27 5-9 5-9 
2 183-1 171-8 98 68 14 5-6 5-6 
3 179-8 176-5 98 68 8 4-4 4-4 
4 188-4 191-9 27 45 12 2-0 6-2 
5 193-6 194-8 27 45 2 1-6 5-0 
6 192-2 188-8 27 45 2 1:8 5-6 


Now, it appears from the work of Semenoff (Z. physikal. Chem., 
1931, B, 11, 464), that in chain reactions the length of the induction 
period will vary with the initial number of active centres supplied 
per unit volume. Therefore, if the slow oxidation of acetylene is a 
chain reaction in which active centres originate at the surface, an 
increase in the relative amount of surface should be accompanied by 
a shorter induction period, and it is apparent from Table I that this 
is actually the case. The velocity after the induction period is also 
greater with greater surface, as would be expected if active centres 
originate at the surface. The results do not rule out the possibility 
of some initial homogeneous activation, but they do indicate that 
surface activation preponderates. Lf the two series of results in 
Table I are plotted, the time in which a given velocity of reaction 
within the induction period is attained can be determined approxi- 
mately in each case. Substituting the values in Semenoff’s equation 
(2) (Semenoff, loc. cit.), we can obtain an approximate value for 
(a — 1)t, viz., 0-4. (a is the mean number of active centres which 
every intermediate product forms as a result of passing into the end 
product ; + is the mean life of the intermediate product.) This 
eompares with the value 0-02 which Semenoff (loc. cit.) derived from 
@ consideration of Fort and Hinshelwood’s results on methane and 
oxygen (Proc. Roy. Soc., 1930, 129, A, 284). Since (a — 1)/+ is 
positive, it is to be concluded that the chains are branched, at least 
within the induction period. In a static system, of course, the value 
of («—1)/< would progressively decrease and finally become 
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negative just as in the case of methane (Semenoff, loc. cit.). « is 
the sum of two probabilities, viz., (i) that of one more active centre 
being formed from each intermediate product molecule, and (ii) that 
of a second active centre arising during this process (see Bursian and 
Sorokin, Z. physikal. Chem., 1931, B, 12, 247), and one or both of 
these probabilities must decrease during the course of the reaction, 
otherwise the chain would become infinite and explosion would 
ensue. 

In addition to its réle as a positive catalyst, the surface can exert 
a very strong inhibitory effect. Table II shows the influence of 
decreasing average internal diameter of reaction vessel upon the 
velocity. The data apply to reaction vessels of volume 75 c.c., a 
temperature of 320°, and a contact period of 27 secs. (i.e., greater 
than the induction period). 


TaB_e II. 
Inhibition by the surface. 
C.c./em.? Approx. G.-mols. of Cz 
No. C,H,, mm. O,, mm. x 16, diam., mm. consumed, x 10°. 
l 269-4 145-4 5-5 2 0-3 
2 268-4 147-1 55 2 0-1 
3 269-1 145-4 5-5 2 0-1 
4 269-8 146-7 9-5 4 0-1(5) 
5 269-3 148-6 14-9 6 3-3 
6- 268-1 146-8 31-3 10 2-3 
7 276-6 147-2 55-6 20 3°8 


Expts. 1, 2, 3, and 4 were in vessels packed with Pyrex tubing of 
the internal diameter given under col. 5, and the volume/surface 
ratio (col. 4) takes into account the total surface exposed. Expts. 
5 and 6 were in vessels of coiled Pyrex tubing having the internal 
diameter given, and a plain cylindrical furnace was used in expt. 7. 
Although other conditions in the various reaction vessels were 
evidently not perfectly uniform, the results nevertheless indicate 
that under the conditions of temperature and concentration stated, 
in reaction vessels of less than 4 mm. internal diameter, acetylene 
and oxygen react very slowly, but in vessels greater than 6 mm. 
internal diameter, the reaction proceeds at what may be considered 
its normal rapid rate. Critical diameters below which the rapid 
reaction does not occur have been observed in the explosive com- 
bustion of other hydrocarbons. Davy (‘‘ Collected Works,” 6, 11) 
found that mixtures of firedamp and air could not be fired in tubes 
of 1/7 inch diameter; Mallard and Le Chatelier (Ann. Mines, 1883, 
viii, 4, 319) observed that no explosion of methane occurred in tubes 
of 3-2 mm. diameter, while Payman and Wheeler (J., 1918, 113, 
656) found 3-6 mm. to be-the critical diameter for methane. It is 
evident from what has been said in respect of Table I, that the 
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velocities recorded in Table II show the operation of two effects : 
(1) variation of reaction rate directly with extent of surface, and (2) 
inhibition by the surface. The concept of branched chains utilised 
to explain the results contained in Table I offers the readiest explan- 
ation of this surface inhibition. It being assumed that the reaction 
in packed vessels represents the initial rate of supply of active centres, 
or the number of chains started, the chain length in the wide vessel 
is 380 (after correction to unit surface). This figure represents the 
minimum number of acetylene molecules oxidised as a result of one 
initial activation, although the actual figure may be many times 
greater. 

The well-known inhibitory effect of potassium chloride in hydro- 
carbon oxidations (Pease, J. Amer. Chem. Soc., 1929, 51, 1839) can 
be observed in the slow oxidation of acetylene. In Table III the 
results of experiments in a reaction vessel of 25 mm. diameter and 
98 c.c. volume at 320° are given. A surface of potassium chloride 
was formed by rinsing the vessels with a 20% solution of the salt. 


TABLE III. 
Specific wall effect. 

C,H,, mm. O,, mm. Wall. dx /dt. 
264-7 134-6 Glass 10-3 
264-4 136-6 Glass 10-6 
266-4 141-3 KCl 3°5 
264-8 141-8 KCl 3°6 


Experiments in which a potassium chloride-coated wall was used 
gave slower rates of reaction than those in the plain glass vessels. 
As the diameter of the reaction vessel was much greater than the’ 
critical diameter (less than 4 mm.) at which surface inhibition 
becomes prominent, one can only ascribe such a considerable diminu- 
tion in the reaction rate with saline walls to a smaller efficiency on 
the part of the salt in catalysing the production of active centres. 
This view of the behaviour of potassium chloride has been discussed 
in its broader aspects by H. 8. Taylor (Chem. Reviews, 1931, 9, 20). 
Other substances, particularly potassium silicate, have a more 
pronounced effect in the case of ethylene (Lenher, J. Amer. Chem. 
Soc., 1931, 53, 3744). On the other hand, the results (Table II) do 
not decide whether there is any specific difference in the inhibitory 
effects of different substances, but if such differences do exist, one 
would expect to find a variation in the critical diameter with the 
nature of the wall. 

Analysis of the Reaction Products.—The gaseous products of reac- 
tion were analysed in a Bone and Wheeler gas analysis apparatus, 
and the condensable products were determined by the methods 
AA 
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previously described (Spence and Kistiakowsky, loc. cit.), viz., 
precipitation of the aldehydes with p-nitrophenylhydrazine and 
separation of the formaldehyde hydrazone by extraction with 
chloroform. Titration of the formic acid must be performed in the 
presence of an indicator changing on the acid side, such as bromo- 
cresol-purple, because if the solution becomes alkaline, glyoxal is 
titrated as glycollic acid (Greenwald, J. Biol. Chem., 1918, 35, 472). 
It was observed, however, that even in the presence of phenol- 
phthalein a permanent end-point could not be attained, but that 
after the solution had been boiled, a further small addition of alkali 
was necessary. This property of delayed titration is characteristic 
of the glycerosone obtained by Norrish and Griffiths (J., 1928, 2829) 
from the photochemical decomposition of glyoxal, 
2(CHO), —> CO + CHO-CO-CH,OH. 

The aqueous solution of the condensate also reduces Fehling’s 
solution in the cold, a reaction which is not given by formic acid, 
formaldehyde, or monomeric glyoxal, but is characteristic of 
glycerosone (Norrish and Griffiths, loc. cit.). However, this test is 
also given by trimeric glyoxal (Harries and Temme, Ber., 1907, 40, 
165). An attempt to separate the p-nitrophenylhydrazone of this 
substance from the chloroform extract yielded only a trace of 
material of undetermined character, melting at 260° after recrystallis- 
ation from toluene. In consideration of its relatively small con- 
centration, the glycerosone was neglected in the analyses. Table IV 
gives the amounts of products formed (in g.-atoms x 10°) of 
carbon, oxygen, and hydrogen. 


Tasie IV. 
Carbon balance. 
C,H, C,H, C,H, 
in. out. used. CO. CO, (CHO), CH,O. H-CO,H. 


A, 
? 


l 20-2 16-4 3-8 1-6 0-4 0-67 0-34 0-22 
2 19-6 17°3 2-3 1-0 0-3 0-45 0-11 0-12 
3 19-6 16-3 3°3 1-5 0-45 0-70 0-16 0-08 
Oxygen balance. 
No. O,, in. O,, out. O, used. Inproducts. H,0(?). 
1 10-7 6-0 4-7 3°85 0°85 
2 10-7 7-7 3-0 2-40 0-60 
3 10-8 6-5 4:3 3-42 0-88 
Hydrogen balance. 
No. H, used. H, freed. Inproducts. H,O(?). 
1 3°8 0-2 1-79 1-81 
2 2-3 0-1 0-90 1-30 
3 3-3 0-15 1-18 1-97 


Experiments were carried out at 320°, and for expt. 1 a 20-mm. 





























SPENCH : THE SLOW COMBUSTION OF ACETYLENE. 691 


diameter reaction vessel was used; for 2, a 10-mm. vessel; and for 
3 one of 6-mm. diameter. 

Kinetics of the Reaction.—The mechanism advanced by Boden- 
stein (Z. phystkal. Chem., 1931, B, 12, 151), although in good agree- 
ment with the majority of the kinetic results, is unsatisfactory for 
the following reasons: (1) with initial pressures of acetylene below 
100 mm., the formula gives a low value of k (Table V); (2) reactions 
(5) and (6) of the mechanism, viz., 


(5) C,H,0,’ + 0, —> CO, + H-CO,H, 
(6) C,H,0,’ —> CO + H-CHO, 


do not account for the proportions in which carbon monoxide and 
dioxide, formaldehyde, and formic acid are formed (Table IV), 
since formaldehyde (Askey, J. Amer. Chem. Soc,, 1930, 52, 974) and 
formic acid (Fort and Hinshelwood, Proc. Roy. Soc., 1930, 129, A, 
287) are perfectly stable at 320° in the short contact period used ; 
(3) the mechanism does not allow of the possibility of branching 
chains. To account for these discrepancies and for the fact that 
carbon dioxide cannot arise from the decomposition of formic acid, 
the mechanism has been modified as follows : 


(1) C,H, —> C,H,’, 

(2) C,H,’ —> C,H,, 

(3) C,H,’ + 0, —> C,H,0,”, 

(4) C,H,0,” —> C,H,’ + 0,, 

(5) C,H,0,” + C,H, —> C,H,’ + C,H,0,', 
(6) C,H,0,’ + C,H, —> C,H,’ + C,H,0,, 
(7) C,H,0,” + 0, —> 200 + H,0,, 

(8) C,H,0,' +- 0, —> CO + CO, + H,0, 
(9) C,H,0,’ —> CO + H-CHO, 

(10) 2C,H,0,’ —> CO + CHO-CO-CH,OH. 


The intermediate product is assumed to exist in two forms, 
C,H,O0,” and C,H,O,’, which represent different energy levels in 
the system C,H,O,, and whose successive degradation to glyoxal 
introduces the possibility of branched chains. It is also assumed that 
glyoxal, like all the other end products, is stable under the con- 
ditions of the experiment. That the mechanism is in agreement 
with the ratio of the products appears from a consideration of expt. 1, 
Table IV. We can assume that all the formic acid comes from 
formaldehyde by oxidation with hydrogen peroxide (see Lenher’s 
results on ethylene, discussed below), giving 0-54 unit of carbon as 
formaldehyde and therefore 0-54 unit of carbon monoxide by 
reaction (9); 0-4 unit of carbon dioxide appears by reaction (8), and 
hence 0-4 unit of earbon monoxide. If all the peroxide is measured 
AA2 
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in the acid titration, 0-44 unit of carbon monoxide appears by 
reaction (7). We have then : 


CO from reaction (7) 0-44 unit. | Total, 1-38 units. 
CO from reaction (8) 0-40 ,, ; Found (by analysis), 
%O from reaction (9) 0-54 _,, j 1-60 units. 


Some of the excess monoxide may come from reaction (10). The 
tables show about 0-4 unit of carbon unaccounted for. This may be 
due to some constant error in estimation or may be partly due to the 
glycerosone. The value for water is also slightly higher than would 
be expected from reactions (7) and (8), possibly owing to the same 
reason. 

If it is assumed that in the denominator a negative term, viz., 

[CH [Oz |kakgke is small in comparison with the positive 
(CyHy]k, + [O,]ky + hy P Ps 
terms (for division thsondhowk by (C,H, |k,, which is approximately 
equal to [O,|k,, gives as an approximation [C,H,|[O,|k,4,/2, which 
can be assumed to be of negligible importance compared with the: 
other terms in the denominator), reactions (1) to (9) then lead to 
the equation 


_ dC,H,) _ om: [CyH,][O,](ks[C.H.]/k, + [Oz}). 
dt (Og)? + kaky/kgk, 


According to expt. 1, Table IV, the ratio 














ks _ (0-67 + 0-80 + 068)[O,| _ 2-15 x 147_ gg 





—— 0-44(C,H,|) 044x276 


Giving the denominator constant a value of 4000, instead of 2000) 
as in Bodenstein’s equation, we have 


_ ACH2| _ , (CH, J[0,}(2-6(C,Hy] + (0,1), 
dt ~ [0.7 + + 4000 





Results of a further series of experiments at 90 and 50. mm. of 
acetylene and with very large excess of oxygen are given in Table V, 
together with previous results of Spence and Kistiakowsky (loc.. cit.) 
The values of k, derived from the above equation are better at low 
concentrations of acetylene than those of k given by Bodenstein’s 
equation. 

In most cases the variation of the constant /, from a mean value 
of 9 does not appear to be greater than the experimental error. 
Therefore, besides furnishing an explanation of the influence of 
surface on the induction period, etc., the concept of branched chains 
affords a ready explanation of the reaction kinetics. 
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TABLE V. 
Variation of rate with concentration of reactants. 

C,H,, O,, C,H, O,, 

mm. mm. dz/dt. k. ky. mm. mm. dzxjdt, k. ky. 
50 101 0-09 10 175 87 0-66 15 9 
50 = 5000-05 8 192 056 15 11 
60 21 006 9 12 264 O53 16 ~~ 12 
70 46 0-11 9 9 304 048 «#4216 (2 
70 7 O10 8 7 349 0-42 0«C«d14”StsédMLL 
60 88 007 6 6 260 85 060 16 16 
60 174 005 3 5 19 O78 11 10 
90 94 0-18 9 27 100 12 10 

177 0-14 8 90 1-08 12 7 
267 0-09 6 175 116 16 13 
360 0-08 6 345 95 066 8 9 
450 0-09 7 17 1-34 13 10 
175 18 0-50 16 15 27 1-28 10 7 
27 064 14 II 45 1-72 12 7 
44 0-64 15 10 73 1-80 12 7 
70 0-64 14 9 87 2-00 14 8 
129 2-04 16 9 
Discussion. 


Although the above conclusions can only apply strictly to the 
conditions studied, yet they contain in essence the explanation of 
many scattered and apparently conflicting facts concerning hydro- 
carbon oxidation. Lenher (J. Amer. Chem. Soc., 1931, 53, 2962) 
has shown that the acetylene-oxygen reaction can be catalysed by 
the oxides of nitrogen. At 260° the chief product is trimeric glyoxal, 
less than 3°% of the acetylene used going to formaldehyde and formic 
acid. Presumably, the oxides of nitrogen start the chain just as 
ozone does in the case of ethylene (Spence and Taylor, loc. cit.), but 
at the comparatively low temperature of reaction, deactivating 
collisions between the intermediate product and oxygen lead to the 
formation of stable glyoxal rather than to the oxides of carbon. 
Nevertheless, owing to the stability of formaldehyde and formic acid 
at 260°, the small quantities of carbon dioxide and water that are 
formed must be due to the limited operation of reactions (7) and (8). 
Also Mardles (T'rans. Faraday Soc., 1931, 27, 718) has shown that 
metal surfaces, carbon disulphide, and lead tetraethyl inhibit the 
reaction. This is probably due to the breaking of chains by 
deactivating collisions with the intermediate product. 

The experiments of Lenher (J. Amer. Chem. Soc., 1931, 53, 3737) 
on the slow oxidation of ethylene show a close parallelism between 
this reaction and acetylene. The reaction has an induction period, 
is very strongly inhibited in packed vessels, and in open vessels the 
rate is determined by the nature of the wall. Thompson and 
Hinshelwood (Proc. Roy. Soc., 1929, 125, A, 277) have shown that 
the rate of oxidation of ethylene is approximately proportional to 
the square of ethylene concentration. This has been confirmed by 
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Lenher (loc. cit.), whose results also indicate that the variation of 
reaction rate with oxygen concentration is similar to that observed 
with acetylene. The following results at 390° are taken from Tables 
I and II of Lenher’s paper, the concentrations being given in mm. 
pressure instead of percentage : 360 c.c. of gas were passed through a 
furnace of 65 c.c. volume and 20 mm. diameter with a contact 
period of 75 secs. 








TaBLeE VI. 
Influence of oxygen concentration on the rate of oxidation of ethylene 
(calculated from Lenher’s data). 
Initial concentrations. Products. 
No. ° C,H,, mm. O,, mm. . ‘Condensable matter, g. co, cc. 
l 380 80 0-0485 18°5 
2 380 80 0-0530 23-8 
3 380 380 0-1342 74-1 
4 380 380 01341 67-9 
5 190 570 0-0142 (0-0568) 4-6 (18-4) 
6 190 570 0-0162 (0-0648) 7-5 (30-0) 


The oxygen in expts. 1 and 2 was supplied as air, but Thompson 
and Hinshelwood (loc. cit.) have shown that nitrogen has very little 
influence on the rate of reaction. For purposes of comparison, the 
results of expts. 5 and 6 are corrected by the square law to 380 mm. 
of ethylene, the corrected values being given in parentheses. It is 
clear that there is, just as in the case of acetylene, an increase of rate 
with oxygen concentration to a maximum close to the equimolecular 
mixture, after which further increase of oxygen reduces the rate 
to about half its maximum value. These kinetic characteristics lead 
one to expect a reaction mechanism similar to that of the acetylene- 
oxygen reaction. Lenher (loc. cit.) has definitely established the 
presence of hydrogen peroxide in the products of slow oxidation of 
ethylene, and shown that it must be produced in considerable 
‘quantity by the isolation of dihydroxymethyl peroxide, the product 
of its condensation with formaldehyde. The origin of hydrogen 
peroxide has been attributed by Lenher to a reaction between steam 
and the collision complex, but in view of the small concentration of 
these reactants such a process would not be expected to occur with 
sufficient frequency to account for the amount of hydrogen peroxide 
produced. A much more probable source of the hydrogen peroxide 
would be a deactivating collision with oxygen similar to reaction (7) 
in the acetylene mechanism. 

The induction period and wall effect undoubtedly point to the 
presence of branched chains of considerable length under favourable 
conditions of concentration and diameter of vessel. However, with 
an initial ratio of 8-5C,H, : 1-50, at 365°, Lenher obtained 13-7% of 
the ethylene consumed in the form of ethylene oxide. Also, at 435° 
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with an initial ratio of 8-0C,H, : 10,, 21-27% of ethylene oxide and 
13-53% of acetaldehyde were recovered from 100%, of ethylene used, 
It seems very probable, as Lenher suggests, that ethylene oxide 
arises from a collision between an ethylene molecule and the primary 
collision complex, but these results are not sufficient ground for the 
assumption that ethylene oxide is the principal primary product of 
the reaction and consequently that the chain length cannot be greater 
than 2 (Lenher, J. Amer. Chem. Soc., 1931, 53, 3763), The experi- 
ments quoted above were performed at relatively high temperatures 
and under conditions where the probability of the intermediate com- 
pound colliding with an ethylene molecule would be eight times 
greater than its probability of collision with an oxygen molecule. 
The comparatively high concentration of excited ethylene molecules 
produced in these circumstances is shown by the considerable degree 
of polymerisation in Lenher’s experiments at 485°. _ We have, there- 
fore, to assume some such deactivating collisions with ethylene as 
the following : 


(a) C,H,O,” + C,H, —> C,H,0,’ + C,Hy’, 
(6) C,H,O,” -+- C,H, —> 2C,H,0, 
(c) C,H,O,’ + C,H, —> C,H,’ + 2H-CHO. 


In the experiment under consideration (8-0C,H,:10, at 435°), 
47-1% of formaldehyde was formed, indicating the continuance of 
a reaction chain supplying active centres, despite the deactivation 
of its branches by reactions such as (b) above. Deactivation by 
oxygen is measured approximately by the amount of carbon mon- 
oxide produced (less than 12-3%). The evidence in respect-of this 
particular phase of the reaction is therefore perfectly consistent with 
its branching-chain character, and ethylene oxide cannot be regarded 
as an essential intermediate step but is the result of one of several 
alternative deactivating processes whose individual importances are 
determined by the conditions of experiment. The production of 
methyl alcohol from methane, quoted by Bone (Nature, 1931, 127, 
481) as evidence in favour of his “ hydroxylation theory ” of com- 
bustion, is to be accounted for in a similar manner. 


Summary. 


The slow oxidation of acetylene proceeds by a branched-chain 
mechanism. 

At 320° wall activation is predominant. 

At 320° and 400 mm, total pressure, the reaction is almost com- 
pletely inhibited by the walls in vessels of less than 4 mm. diameter. 

In vessels greater than 6 mm. diameter, inhibition by the wall 
is small compared with inhibition by oxygen. 
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A modification of the mechanism proposed by Bodenstein accounts 
for all the kinetic phenomena. 

It is shown that the slow oxidation of ethylene proceeds by a 
similar mechanism. 


The author is indebted to the Commonwealth Fund, for a Fellow- 
ship, and to Professor H. 8. Taylor and Professor G. B. Kistiakowsky, 
without whose advice and stimulating discussion this work would 
not have been carried out. 


Frick CHEMICAL LABORATORY, PRINCETON UNIVERSITY, 
Princeton, N.J. [Received, December 8th, 1931.] 





88. Symmetrical Triad Prototrome Systems. Part 
VIII. The Analogy between Symmetrical Triad 
Systems and Aromatic Side-chain Reactivity, and 
the Effect of m-Substitution on Mobility and 
Equilibrium in the ay-Diphenylmethyleneazomethine 


System. 
By CHARLES WILLIAM SHOPPEE. 


In Part VII (J., 1931, 1225) attention was directed to the analogy 
existing between facilitation by nuclear substituents of (a) aromatic 
side-chain reactivity requiring electron recession (“type B” of 
Ingold and Rothstein; J., 1928, 1217) and (6) mobility in simple 
triad prototropic systems activated by aromatic residues. An 
examination was made of the influence of a series of p-substituents 
(R = Me, Cl, Br, I, OMe, NMe,, NMe,) on mobility and equilibrium 
in the wy-diphenylmethyleneazomethine system (I —> II) and the 
results were correlated with the influence of the same p-substituents 
on side-chain reactivity of type B. 

The influence of a parallel series of m-substituents (R = Me, Cl, 


Br, I, OMe, NMeg, NMes, N<2°) on mobility and equilibrium in the 


system (I => II) is now recorded, and compared with the influence 
of the same m-substituents on side-chain reactivity of type B. 


hi 


(I) C,H,R-CH:N-CH,Ph — C,H,R-CH,:N:CHPh (II.) 
kit 


Substitution and Mobility —The previous investigation relating 
to the effect of p-substitution on mobility in the system (I => II) 
afforded a sequence, p-NMe,<p-Me<p-OMe<p-Hals., identical 
with the order of the dipole moments R—Ph, and therefore dependent 
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primarily upon inductive effects (-+ /)*. The influence of the same 
p-substituents on side-chain reactivity of type B, exemplified by 
the velocity coefficients for the alkaline hydrolysis of p-substituted 
ethyl benzoates (Kindler, Annalen, 1926, 450, I) and of p-sub- 
stituted benzamides (Reid, Amer. Chem. J., 1900, 24, 403), con- 
formed to the different sequence p-NMe,<p-OMe<p-Me<p-Hals. 
(Table I). Reasons were given to show that the electromeric effect 
(+ 7’) would operate in side-chain reactions of the type studied by 
Kindler and Read, but not in simple triad tautomeric systems such 
as (I == I). 

Certain facts, e.g., the weak basicity of aniline, and the abnormally 
large dipole moments found for p-nitroaniline and p-nitroanisole, 
have led to the suspicion, now a very definite probability, that the 
electromeric effect (-- 7’) possesses a permanent component (com- 
pare Ingold and Shaw, J., 1927, 2918; Lapworth and Manske, J., 
1928, 2534; Ann. Reports, 1929, 26, 132; Ingold, Lapworth, Roth- 
stein, and Ward, J., 1931, 1960). Apart from this, however, the 
chemical evidence adduced by Ingold and Patel (J. Indian Chem. 
Soc., 1930, 7, 95) and the physical evidence furnished by Sutton 
(Proc. Roy. Soc., 1931, A, 133, 668) form a consistent whole, and 
show that the electromeric effect in the aromatic nucleus must 
influence reactivity in the m-position. 

Because the damping factor is very great, it is to be anticipated 
that facilitation of side-chain reactivity of type B by m-substituents 
will follow more closely the order of the dipole moment than was 
the case for facilitation by the same substituents in the p-position. 
That this expectation is realised is shown by the velocity co- 
efficients for alkaline hydrolysis of m-substituted ethyl benzoates 
(Kindler, loc. cit.; ibid., 1927, 462, 90), m-substituted benzamides 
(Reid, loc. cit.), and m-substituted phthalides (Tasman, Rec. trav, 
chim., 1927, 46, 653, 922) (Table II). 


TaBLeE I. 
p-Substituent ......... NH, OMe Me (H) Cl Br I 
k x 10% (Kindler) ... 1-1 10-5 23 49 212 242 249 
k X 10* (Reid)......... 18 46 62 94 180 180 159 

TaBLe II. 

® OS 
m-Substituent ......... NH, Me (H) OMe _ (Cl Br I N 
k x 10% (Kindler) ... 20 35 49 59 363 395 — $3110 
k x 108 (Reid)......... -— 75 94 —- —- 282 245 530 
75 — 12 —- 33 38 49 260 


k x 10* (Tasman) ... 
Experimental investigation of the influence of m-substitution on 
mobility in the system (I == II) has now yielded the results sum- 
* Really + (1 + D): compare Ingold, Lapworth, Rothstein, and Ward, 
loe, cit. 
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marised in Table III; for convenience, the mobilities conferred by 
the same substituents in the p-position are included. 


TaB_e III. 
® 0° 


Substituent ............ NMe, Me OMe I Br Cl NX 
k, + k, meta (hrs.1)... 0-606 1-10 2-51 7-33 9-47 10-7 147 
k, + k, para (hrs.-')... 0-054 0-322 0-557 6-82 7-09 7°83 — 
Dipole moment of R- 

16H, (E.8.U.x 107%) 1-39 0-50 —0-80 —130 —149 —156 —3-90 

It will be seen that once again the mobility sequence follows the 
order of the dipole moment (compare Shoppee, J., 1930, 968; 1931, 
1226). 

Comparison of Tables I, IJ, and III shows that the analogy, 
previously emphasised, between side-chain reactivity of type B 
and mobility is closer in the meta-series than in the para-series, 
which is consistent with theoretical expectation. he methyl and 
the dimethylamino-group (-++ J) must depress reactivity more in the 
p-position than in the m-position, as is found; but in the case of 
the dimethylamino-group (-+- J-+ 7') there is a second reason, 
namely, its possession of unshared electrons. All the other groups 
examined (— J -+- 7’) should enhance reactivity in the m-position 
were it not for their unshared electrons, and it is to the possession 
of these that the inverse result must be attributed. Since the 
electromeric effect (-+- 7’) decreases in the order NR,>OR>I> 
Br>Cl, it might be anticipated that the meta-para ratio of reactivity 
should decrease in the same order, For side-chain reactivity, using 
Kindler’s values, the following figures are obtained : 

Substituent ............ NMe, OMe I Br Cl 
5 SE a Rs 18 5-6 ae 1-6 1-7 
whilst for mobility in the system (I =~ II), the meta-para reactivity 
ratio similarly varies in a roughly regular way with basicity : 
Substituent ............ NMe, OMe I Br Cl 
(ky + ky)m/(hy + he)p--» 10-2 4-5 ll 1-3 1-4 

It appears impossible yet to advance any satisfactory explanation 
of the inversion of the halogens among themselves as found in the 
side-chain reactivity series (compare Tables I and II). No such 
inversion occurs in the mobility sequences. 

Equilibrium and Substitution—The equilibria attained by the 
system (I = II), on introduction of the various m-substituents 
examined, are as follows : 


; ® 2) 
m-Substituent, R ...... NO NMe, Me OMe (H) I Br Cl 
WE the citiWeodivwiibdiiis 0-47 0:58- 0-66 0-83 1:00 1:35 1-74 82 

5 


1- 
Isomeride (I), % ...... 68-0 63:0 60:0 54:7 50-0 42:5 365 35° 
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According to the original simple view (Ann. Reports, 1927, 24, 106; 
J., 1931, 1227) of the factors controlling equilibrium in simple triad 
prototropic systems, these results are clearly anomalous; for the 
expected order of the remaining groups relative to nitroxyl is 
inverted. 

More thorough theoretical treatment of the factors controlling 
equilibrium led to the successful analysis of inverted equilibrium 
sequences resulting from p-substitution, by reference to the series 
which expresses the order in which groups in competition would 
control aromatic hydrogen substitution in the op-position (J., 1931, 
1227). In the present case, analogy suggests the application of a 


Fie. 1, 





2°5 20 15 10 05 0 —0°5 
m-Mobilities. 
log (k, + 3). 


series composed of groups arranged in order according to the degree 
to which they would control competitive substitution in the 
m-position. Unfortunately, with the exception of nitroxyl, all 
the groups studied in the present work are op-orienting, and such 
a series has not yet been determined. In the absence of knowledge 
of the relative m-orienting effects of op-orienting groups, the only 
possible basis for comparison is side-chain reactivity. 

The same factors which affect m-reactivity in the presence of 
op-orienting groups (the inductive effect and the permanent part 
of the electromeric effect) are also concerned in the m-direction of 
side-chain reactivity, although it is uncertain whether the two 
contributing factors are weighted in the same way in the two cases. 
Since mobility in tautomeric systems of the type under discussion 

AAS 
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may be regarded as a manifestation of side-chain reactivity, the 
mobility sequence for m-substituents, determined in the present 
work, suggests itself as the most practicable, even though not 
theoretically perfect, basis for comparison. Adopting this plan, a 
smooth curve, possessing a single maximum, is obtained. (Fig. 1) 
which necessarily omits the point for hydrogen. 

It is recognised that because of the imperfection of the foregoing 
comparison, further work may reveal minor discrepancies. Never- 
theless it seems clear from the position of the maximum in Fig. 1 
that, as in the case of the p-substituted compounds (Fig. 2,* J., 
1931, 1229), the various m-substituted compounds differentiate 
themselves mainly by the relative stabilities of their ions rather 
than by the relative stabilities of the molecules. 


EXPERIMENTAL. 
(Analyses marked * were carried out by Dr.-Ing. A. Schoeller.) 


(A) Preparation of Aldehydes.—m-Tolualdehyde was prepared 
from m-toluanilide + by the method of Gibson, Harihan, Menon, and 
Simonsen (J., 1926, 2247), stannous chloride which had been de- 
hydrated by treatment with acetic anhydride (Stephen, J., 1930, 
2786) being used; m-chloro- and m-bromo-benzaldehyde were the 
best products supplied by British Drug Houses Ltd., and m-iodo- 
benzaldehyde was obtained from m-aminobenzaldehyde by the 
Sandmeyer reaction. m-Anisaldehyde was prepared by methyl- 
ation of pure m-hydroxybenzaldehyde (Kahlbaum) with methyl 
sulphate. 

m-Dimethylaminobenzaldehyde was prepared according to instruc- 
tions kindly supplied by Prof. A. Lapworth, F.R.S., who will publish 
details of the process in the near future. m-Nitrobenzaldehyde was 
supplied by British Drug Houses Ltd. 

All the above aldehydes, which are liquid at the ordinary temper- 
ature, gave crystalline bisulphite compounds, which were isolated 
as a stage in the preparative process, and fractionation was carried 
out in an atmosphere of carbon dioxide. m-Iodo- and m-nitro-benz- 
aldehyde were crystallised several times from alcohol and benzene 
respectively. 

(B) Preparation of Amines.—Reduction of m-toluonitrile by the 
Ladenburg method furnished only a poor yield of impure m-methyl- 

* Fig. 2 (J., 1931, 1229) is numerical on one axis and only symbolical on 
the other. The numerical ordinate values (AF) were inadvertently omitted 
and were calculated from the experimentally determined values of the equi- 
librium constants K (J., 1930, 974; loc. cit.) by the relation AF = log K. 

¢ m-Toluic acid with thionyl chloride readily affords the chloride, which 
_ gives m-toluanilide, prisms from dilute alcohol, m. p. 126° (Found: C, 79-3; 
H, 6-5. C,,H,,ON requires C, 79-6; H, 6-2%). 
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benzylamine (compare Sommer, Ber., 1900, 33, 1074); the base was 
therefore obtained by reduction of m-tolualdoxime with 3% sodium 
amalgam in the presence of acetic acid. m-Tolualdoxime was used 
by Goldschmidt (Z. Hlektrochem., 1908, 14, 581), but neither pro- 
perties nor analyses are recorded by him; prepared from pure 
m-tolualdehyde by the method of Bamberger and Scheutz (Ber., 
1901, 34, 2024), the oxime is a colourless liquid, b. p. 137°/17 mm.., 
which readily crystallises and separates from ligroin (b. p. 40—60°) 
in prisms, m. p. 60° (Found * : C, 71:2; H, 6-8. Calc. for C,H,ON : 
C, 71-1; H, 6-7%). m-Methylbenzylamine was purified by con- 
version into the carbamido-derivative, which was crystallised to 
constant m. p. 148° (compare Sommer, loc. cit.); the regenerated 
base boiled constantly at 96°/20 mm. [picrate, m. p. 198° (decomp.) 
after crystallisation from methyl alcohol (Found*: C, 48-0; H, 
4-2. Calc. for C,,H,,0,N,: C, 48-0; H, 4.0%); benzoate, needles 
from chloroform-ligroin (b. p. 40—60°), m. p. 150—150-5° (Found : 
C, 74-4; H, 7-2. C,;H,,O,N requires C, 74:05; H, 7-0%)]. An 
attempt to apply this method of purification to the halogenobenzyl- 
amines was unsuccessful owing to the extreme hydrolytic stability 
of the carbamido-derivatives. 

m-Chlorobenzylamine, b. p. 111—112°/18 mm. [picrate, m. p. 
204° (decomp.); carbamido-derivative, needles from dilute methyl 
alcohol, m. p. 129° (Found *: C, 51-5; H, 4-9. C,H,ON,Cl requires 
C, 52-0; H, 4:9%); compare v. Braun, Kiihn, and Weismantel, 
Annalen, 1926, 449,266], was prepared by reduction of pure m-chloro- 
benzaldoxime, m. p. 70°, with 3° sodium amalgam in the presence 
of acetic acid. Under the same conditions pure m-bromobenzald- 
oxime, m. p. 71°, gave a product whose higher fraction, b. p. 120— 
125°/20 mm., contained 34—35% of benzylamine according to 
analyses of the picrate, m. p. 203° (decomp.) (Found : C, 40-6; H, 
2-7%), and the benzoate, m. p. 132° (Found: C, 61-1; H, 49%), 
whilst m-iodobenzaldoxime yielded only benzylamine. ? 

m-Bromobenzylamine was obtained by Gabriel’s method; 
m-bromobenzyl bromide, m. p. 41°, prisms from ligroin (b. p. 40— 
60°) (Jackson, Ber., 1876, 9, 932), was condensed with potassium 
phthalimide at 180° to yield phthalo-m-bromobenzylimide, m. p. 
138—139° after crystallisation from glacial acetic acid (Found : 
C, 56-8; H, 3-2. C,;H,,O,NBr requires C, 57-0; H, 3-2%), which 
by fission with hydrazine hydrate (Ing and Manske, J., 1926, 2348) 
afforded the base as a water-clear liquid, b. p. 126—127°/18 mm. 
[picrate, needles from alcohol, m. p. 205° (decomp.) (Found *: C, 
38-0; H, 2-8. C,3H,,0,N,Br requires C, 37-6; H, 2-7%); benzoate, 
lamine from chloroform-ligroin, m. p. 135-5° (Found *: C, 54-5; 
H, 46. C,,H,,O,NBr requires C, 54:5; H, 46%); carbamido- 
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derivative, m. p. 132°, needles from dilute methyl alcohol (Found * : 
O, 42-1; H, 4-0. C,H,ON,Br requires ©, 41-9; H, 3-9%); hydro- 
chloride, m. p. 216—217°]. 

m-lodobenzylamine was prepared similarly ; m-iodotoluene (65 g.) 
was treated with bromine (1 mol.) at 180°, and the semi-solid mass 
obtained on cooling was drained on porous plates and crystallised 
from ligroin (b. p. 40—60°), from which m-todobenzyl bromide, m. p. 
49—49-5°, separated in colourless prisms (24 g.) (Found *: C, 28-6; 
H, 23. C;H,BrI requires C, 28-3; H, 2-0%). Condensation of the 
last-named compound with potassium phthalimide at 180° furnished 
phthalo-m-iodobenzylimide (19 g.), m. p. 143°5° after crystallisation 
from acetic acid (Found *: C, 49-9; H, 3-1. C,;H,,O,NI requires 
C, 49-6; H, 2-8%), together with traces of a substance, m. p. 228°, 
which sublimed and separated from glacial acetic acid in rect- 
angular plates (Found*: C, 64:7; H, 36%). Fission of the imide 
with hydrazine hydrate gave m-iodobenzylamine as a water- 
clear liquid (5 g.), b. p. 132°/8 mm. [picrate, m. p. 210° (de- 
comp.), long needles from hot ower (Found *: C, 340; H, 
2-6. C,,;H,,0,N,I requires C, 33-7; H, 2:6%); benzoate, m. p. 

132°, laminz from chloroform—ligroin (Found *: C, 47-6; H, 4-4. 
C14Hs0s NI requires C, 47:3; H, 4:0%); acetyl derivative, m. p. 
114-5°, long needles from ligroin (b. p. 80—100°) (Found * : C, 39-7; 
H, 4:0. O©,H,,ONI requires C, 39-3; H, 3-7%); carbamido-deriv- 
ative, m. p. 170—171°, needles from methyl aleohol (Found *: C, 
35:0; H, 3-4. C,H,ON,I requires C, 34-8; H, 3-3%)]. 

Oximation of m-anisaldehyde (compare Bamberger and Scheutz, 
loc. cit.) gave m-anisaldoxime as a thick water-clear liquid (10 g. ); 
b. p. 170°/26 mm. (Found *: C, 63-8; H, 6-2. C,H,O,N requires 
C, 63-6; H, 6-0%), which by reduction with sodbem amalgiin and 
acetic acid afforded m-methoxybenzylamine, b. p. 103—104°/6 mm., 
as a colourless mobile liquid (5 g.) [picrate, m. p. 181°, prisms from 
methyl alcohol (Found *: C, 46-0; H, 3-95. C,,H,,0,N, requires 
C, 45-6; H, 38%); benzoate, m. p. 95°, needles from chloroform-— 
ligroin (Found * : G, 69-5; H, 6-7.. C,sH,,0,N requires C, 69-5; 
H, 6-6%); p-nitrobenzoyl derivative, m. p. 124°, needles from methyl 
alcohol (Found *: C, 63-0; H, 5-05. C,,H,,0,N, requires C, 63-0; 
H, 4:9%)]. An attempt was made to employ electrolytic reduction 
(compare Kindler, D.R.-P. Anmeld. K. 85,210) of m-methoxybenz- 
amide, m. p. 133° (Found: C, 63-4; H, 6-0. C,H,O,N requires 
CU, 63-6; H, 60%), but the foregoing method was found more 
convenient for small quantities of the base. 

From m-dimethylaminobenzaldoxime, by reduction with sodium 
amalgam and: acetic acid, m-dimethylaminobenzylamine, b. p. 
134—135°/10 mm., was obtained as a colourless mobile liquid [mono- 
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picrate, deep red prisms from methyl alcohol, m. p. 206° (decomp.) 
(Found *: OC, 47-6; H, 4:55. C,;H,,0,N, requires C, 47-5; H, 
4:5%); dipicrate, yellow prisms from methyl alcohol, m. p. 170° 
(Found*: OC, 41-6; H, 3-4. C,,H,,0,,N, requires C, 41-4; H, 
3°3%); benzoate, felted needles from chloroform-ligroin, m. p. 111-5° 
(Found : C, 69-6; H,7-6. C,,H,,O,N, requires C, 70-6; H, 7-5%)]. 

Phthalo-m-nitrobenzylimide, m. p. 160-5° (compare Gabriel and 
Hendes, Ber., 1887, 20, 2869), by fission with hydrazine hydrate, 
gave m-nitrobenzylamine. The base was purified by conVersion 
into the picrate, which was crystallised to constant m. p. 202° and 
regeneration therefrom. 

(C) Preparation of Azomethines.—This was carried out by the 
method previously described (J., 1931, 1225), or by condensation 
of the components in ethereal solution and removal, as the carbonate, 
of the slight excess of amine employed by passage of carbon dioxide, 
with subsequent drying and evaporation. 

A high degree of purity is necessary to afford satisfactory kinetic 
measurements. For the purification of solid azomethines, crystallis- 
ation to constant m. p. from suitable solvents was employed : liquid 
azomethines were repeatedly fractionated from Ciaisen flasks in- 
corporating fractionating columns. The azomethines were used 
as soon as possible after preparation, since they tend to decompose 
on keeping, particularly those which are liquid; they may be 
preserved satisfactorily for several days in a vacuum over solid 
potassium hydroxide. 

m-Methylbenzylidenebenzylamine (as I) is a colourless water-clear 
liquid, b. p. 187°/12 mm. (Found*: C, 85-6; H, 7-2. C,;H,;N 
requires C, 86-1; H, 7-2%). Benzylidene-m-methylbenzylamine (as 
II) has b. p. 170°/7 mm. (Found *: C, 85:7; H, 7-3%). 

m-Chlorobenzylidenebenzylamine is an almost colourless liquid, 
b. p. 190°/10 mm. (Found *: C, 73-2; H, 5-3. C,,H,.NCl requires 
C, 73-4; H, 53%). Benzylidene-m-chlovobenzylamine has b. p. 
175°/5-5 mm. (Found *: C, 72-9; H, 53%). 

m-Bromobenzylidenebenzylamine was first obtained as a faintly 
yellow liquid, b. p. 200°/10 mm., solidifying to a mass of ‘pris- 
matic needles, m. p. 32°, which after recrystallisation from 
methyl alcohol had m. p. 345°, but did not furnish satisfactory 
analytical figures (Found: C, 64-9, 64-7*; H, 4-7,46*; N,45*; 
Br, 25-0.* C,,H,.NBr requires C, 61-3; H, 4-4; N, 44;. Br, 
29-2%). A specimen of m-bromobenzaldehyde was further purified 
by conversion into the semicarbazone, which was crystallised from 
methyl alcohol to a constant m. p. 228° (decomp.) (Found *: C, 
40-8; H, 3-4. C,H,ON,Br requires C, 39:7; H, 3-3%). The 
azomethine obtained from the regenerated aldehyde had m. p. 38° 
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after repeated crystallisation from methyl alcohol (Found : C, 62-6,* 
63-0; H, 4-3,* 4-8%). Benzylidene-m-bromobenzylamine has b. p. 
217—218°/15 mm. (Found: C, 61-1; H, 44%). 

m-Iodobenzylidenebenzylamine is a colourless solid, m. p. 73° after 
repeated crystallisation from methyl alcohol (Found: C, 52-3; 
H, 3-9. C,,H,.NI requires C, 523; H, 3:7%). Benzylidene-m- 
iodobenzylamine is a colourless oil, b. p. 220—221°/12 mm. (Found * : 
C, 53-0; H, 41%). 

m-Methoxybenzylidenebenzylamine is a colourless oil, b. p. 206°/ 
15 mm. (Found *: C, 79-8; H, 6-7. C,;H,;ON requires C, 80-0; 
H, 66%). Benzylidene-m-methoxrybenzylamine, b. p. 186°/6 mm., 
readily crystallises and separates from ligroin (b. p. 40—60°) in 
rectangular prisms, m. p. 37° (Found * : C, 79-8; H, 6-7%). 

m-Dimethylaminobenzylidenebenzylamine is a yellow oil, b. p. 
223°/10 mm. (Found *: C, 80-2; H, 7-6. C,gH,,N, requires ©, 
80-6; H, 7:6%).  Benzylidene-m-dimethylaminobenzylamine is a 
faintly yellow oil, b. p. 200°/5 mm. (Found *: C, 80-6; H, 7-6%). 

m-Nitrobenzylidenebenzylamine had the m. p. (62°) and properties 
described by Ingold and Piggott (J., 1922, 2385); benzylidene-m- 
nitrobenzylamine had m. p. 32-5—32-7° after repeated crystallis- 
ation from methyl alcohol, whilst an independent preparation by Mr. 
C. L. Wilson, M.Sc., gave a specimen, m. p. 32°; it seems probable 
that the m. p. (42°) recorded by Ingold and Piggott is a misprint. 

w-Benzylimino-m-tolyltrimethylammoniwm Iodide (as 1).—The salt 
may be obtained by warming m-dimethylaminobenzylidenebenzyl- 
amine with methyl iodide (1 mol.), or by treatment of m-aldehydo- 
phenyltrimethylammonium iodide in alcoholic suspension with 
benzylamine (1 mol.). After crystallisation from acetone-ether 
it has m. p. 128—129° (Found : C, 51-5; H, 5-8; 1, 34-5. C,,H,,NoI 
requires C, 53-7; H, 5-6; I, 33-4%). 

w-Benzylideneamino-m-tolyltrimethylammonium iodide (as II) is 
readily obtained from benzylidene-m-dimethylaminobenzylamine 
by treatment with methyl iodide (1 mol.) and crystallises from 
methyl alcohol-ether; m. p. 145—146° (Found : I, 33°6%). 

(D) Interconversion of Tautomerides.—The standard conditions 
employed for the interconversion of azomethines were: catalyst, 
0-145N-alcoholic sodium ethoxide; temperature, 82°. The product 
was isolated as previously described (J., 1931, 1225). To follow the 
progress of interconversion, the method involving thermal analysis 
of mixtures of p-nitrophenylhydrazones was used. The p-nitro- 
phenylhydrazones obtained from derivatives of the halogen-, meth- 
oxyl-, and nitro-substituted benzaldehydes appear to occlude traces 
of foreign matter, since the yields are 2—4 units above 100%; 
whatever the nature of the impurity, it exercises little or no influence 
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on the m. p. of the hydrazone (compare table below), and any error 
thus introduced is minimised by use of the hydrazones without 
further purification for the construction of temperature—com position 
diagrams. Al] such diagrams were of the two-branch type, and 
the products of the interconversion experiments strictly binary in 
character. All m. p.’s given are uncorrected, but were determined 
under identical conditions in the same apparatus. 

The table gives the m. p.’s, yields obtained by decomposition of 
azomethines (I) with p-nitrophenylhydrazine, and analytical data 
for the following m-substituted benzaldehyde-p-nitrophenylhydr- 
azones : 








Found. Cale., 

M.p. M.p. Yield, —— . 

(purif.). (crude), %. Cc, %. H,.% ©, %. -B, %. 
m-Methyl- ......... 157 157° 100°5 65-7* 5:3* 65:9 51 
m-Chloro- ............ 214 214 102 56-8* 3°7* 56-7 3°7 
m-Bromo-} ......... 220-5 220 104 50-4,51-0* 3-4,3-4* 48-8 3-2 

SEI anatiesa cence 208 206:5 104 42-4 29 42-5 2-75 
m-Methory- ......... 171 169 104 61:8 5-0 61:9 49 
m-Dimethylaminot 190 188 100-5 63°3* 5-5* 63-4 5-7 
c.g ape a 248 248 103 — — — — 


{+ M. p. unchanged by further crystallisation. 
t Slightly soluble in 10% acetic acid. 


The following observations were used for the construction of temper- 
ature—composition diagrams; in each case A refers to benzaldehyde- 
p-nitrophenylhydrazone. 


m-Tolualdehyde-p-nitrophenylhydrazone and A : 
i awn © 14-7 24-7 30:5 36-1 46:8 55-5 65:7 840 100 
M.p. ... 157° 162° 148-5° 148° 154° 162° 167-5° 173° 182-7° 190° 


m-Chlorobenzaldehyde-p-nitrophenylhydrazone and A : 
 , oa 16-0 27:7 46:5 60:5 62:5 72:0 80-7 100 
M.p. ... 214° 206° 200° 189° 178-5° 177° 179° 182°5° 190° 


m-Bromobenzaldehyde-p-nitrophenylhydrazone and A : 
A, G+, *@ 16-0 28:2 46:0 58:0 63-5 72-0 86-0 100 
M. p. ... 220°6° 210° 203° 192° 182° 176 176° =184-5° =190° 


m-Iodobenzaldehyde-p-nitrophenylhydrazone and A : 

By Jo se 0 20-4 39-8 45-4 50-0 56-9 67: 80-4 100 

M.p. ... 206°5° 196° 182° 178°5° 176:5° 171° 175° 182° 190° 

m-Anisaldehyde-p-nitrophenylhydrazone and A ; 

A, %..0 21-2 346 40:1 45:3 47-5 48-2 57-2 63-9 77-7 100 

M. p. 169° 159° 157-5° 148-5° 147-5° 154° 154-5° 163° 168-5° 177° 190° 

m-Dimethylaminobenzaldehyde-p-nitrophenylhydrazone and A : 

A,% is) © 18-9 29-3 33-4 35-6 38-8 43-9 56-5 75-4 100 

M. p. ... 188° 174° 167° 163-5° 161-5° 158-5° 156° 164-5° 176° 190° 

m-Nitrobenzaldehyde-p-nitrophenylhydrazone* and A : 

A,%... 0 21-0 32-0 38-2 591 69-0 81-1 100 
.p 248° 234-5° 227° 223° «206° =—§:190°—s:179-5°—s: 189-5° 
* This hydrazone melts without decomposition, but commences to decom- 

pose when maintained at or above the m. p. 








706 SHOPPEE : 


(E) Determination of Mobility and Equilibrium.— 
m-Methylazomethines : 


Time with ; 
Isomeride NaOEt at Isomeride ki +k, 
used, 82° (hrs.). Yield, %. M. p. (ITI), %. (hrs.~*), 
f 60 100-5 157-0° 0 _ 
0°5 99-3 151-0 17-5 1-15 
1-0 99-0 147-0 29 1-29 
I 4 1-5 99-0 150-0 32 1-07 
2-0 98-0 157-0 40 oan 
3-0 97-5 157-0 40 — 
4-5 97-0 157-0 40 = 
ee 97-5 157-0 40 ay 
3-0 97-5 160-5 44-5 (0-86) 
2-0 99-2 163-0 48 1-01 
II 1-0 98-3 172-5 64 0-92 
0-5 99-7 178-0 74-5 1-08 
0-25 99-8 183-3 85 1-15 
i), 100 190-0 100 “= 





Equilibrium : II (40-0) =+I (60-0); %, + &, (mean) = 1°10 hrs; k,/k, = 
0-666; k, = 0-440; k, = 0-660. 

In view of the theoretical importance of the equilibrium ratio in 
this case, the equilibrium attained in the presence of 1-45N-alcoholic 
sodium ethoxide at 85° was determined : 








Isomeride Time with NaOEt Isomeride 
used, at 85° (hrs.). M. p. (II), %. 
I { 1-0 157-0° 40 
1-0 157-0 40 
II f 0-75 156-5 39 
\ 1-0 157-0 40 
m-Chloroazomethines : 
Time with 
Isomeride NaOEt at Isomeride k, +k, 
used. 82° (mins.). Yield, %. M. p. (II), %. (hrs.-*), 
0 102, 102 214-0° 0 — 
2 101 204-0 19-5 10-58 
4 101 198-0 31-5 10-00 
5 — 195-0 37 10-21 
I 6 101 191-5 42 10-52 
s 101 187-0 49-5 10-39 
10 100 185-0 52-5 10-04 
15 101 179-0 60 10-63 
20 — 175-0 64:-5* — 
‘30 100 175-0 64-5* ome 
25 97 175-5 64-5* — 
10 100 177°5 69 (12-38) 
9 99 178-7 71-5 10-81 
7 100 179-5 74 11-30 
6 -- 180-5 76 11-28 
1 5 100-5 181°3 78 11-59 
4 100-5 182 80 (12-43) 
3 100 184 85 10-98 
2 100 185-5 89 , Al-33 
1 — 187-7 94 11-11 
0 100 190-0 100 — 


* This is also the eutectic mixture. 
Equilibrium: If (64-5)= I (35-5): k, +k, (mean) = 10-75 hrs.-'; 
ky/ky = 1817; ky = 6-94; k, = 3-81. 
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m-Bromoazomethines : 





Time with 

Isomeride NaOEt at Isomeride k, +k 
used. 82° (mins.). Yield, %. M. p. (IT), %. (hrs.?). 

0 104, 104 220° 0 — 

2 100 208 17:5 9-76 

3 98 205 24 9°47 

4 99 202 29 9-13 

5 100 199 34:5 9-38 

I 6 99 196, 196 39 9-51 

8 99 191-5 46-5 9-87 

9 98 190 48-5 9-60 

10 — 188 51 9-83 

15 100 182 58 9-76 

20 — 179-5 60-5 9-11 

30 100 176 63-5 an 

35 99 176 * 63-5 -—— 
15 98 175-5 70-5 (6-31) 

s 98 178 75 8-64 

I 6 99 180 78 9-21 

4 98 182-5 83 9-37 

2 99 186 89-5 10°15 

0 100 190 100 — 


* To 8-4 mg. of the equilibrium specimen, 1-2 mg. of m-bromobenzaldehyde- 
p-nitrophenylhydrazone were added: the resulting mixture had m. p. 183°; 
calculated, m. p. 184°. 


Equilibrium: II (63°5)= =I (36-5): k, +k, (mean) = 9-47 hrs; 
k,/k, = 1:74; kz = 6-01; ky = 3-46. 


m-Iodoazomethines : 


Time with 


Isomeride NaOEt at Isomeride k, + ky 
used. 82° (mins.). Yield, %. M. p. (II), %. (hrs.~*). 

‘ 0 104, 104 206-5° 0 -— 

1 101 204 6-5 7-20 

2 100 200-5 12-5 7:35 

3 100 197-5 18 7-49 

4 100 194-5 22 7°22 

5 97 193 25-5 7-02 

I 4 8 98 184 37-5 7-91 
10 98 182 40°5 7-30 

12 97 179 44°5 7.42 

14 - 177-5 46-5 7°22 

16 97 175 50 7-70 

22 97 173 53-5 —_ 

. 60 97 170-5 57-5 —_— 

( 60 — 170°5 57°5 — 

10 99 175-5 70 7-32 

8 — 177 73°5 7-30 
II 4 6 99 181 78 7:13 
4 99 183-5 84 7-08 

2 98 186-5 91 7-13 

\ 0 100 190 100 _— 





Equilibrium: II (57:5) <=I (425); ky +k, (mean) = 7-33 hrs.-; 
ky/k, = 1-35; ky = 4-21; k, = 3:12. 





4 
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m-Methoxyazomethines : 
Time with 
Isomeride NaOEt at Isomeride k, +k, 
used. 82° (mins.). Yield, %. M. p. (II), %. — (hrs2.). 
0 104, 104 169° 0 = 
5 103 164-5 9 2-66 
7:5 103 162-7 13 2-66 
10 102 161 17 2-78 
12-5 101 160 19-5 2-70 
15 10] 159 21 2-50 
I 20 100 157 25 2-40 
30 —_ 154 30 2-25 
60 100 148 41 --- 
90 100 146-5 45:3 —- 
120 100 147 45°3 -— 
240 -— 147 45-3 - 
. 480 = 147 45-3 - 
r~=—s«dAi' 80 99 147 45°3 
90 97-5 152 46 ~- 
30 98 167-5 62 2°37 
20 99 173 71 2°27 
If : 18 98 174 72-5 2-33 
14 98 176 76 2°47 
10 98 179 81 2-56 
5 98 183-5 89 2-70 
\ 0 100 190 100 — 
Equilibrium: II (45°3)=+I1 (54-7); k, + kh, (mean) = 2°51 hrs.7; 


ky /key = 0-828; k, = 113; ky = 138. 


Further to confirm the value found for the equilibrium ratio, new 
specimens of both isomerides were equilibrated in the presence of 
1-45N-alcoholic sodium ethoxide at 85° : 


Tsomeride Time with NaOFt Isomeride IT, 
used. at 85° (hrs.). M. p. %. 
I f 0-5 147° 45-3 
\ 0-75 147 45-3 
1 f 0-5 147 45°3 
\ 0-75 147 45-3 


A synthetic mixture of azomethines in the proportion 
55-1% (1): 44-9% (II) was analysed: a 97% yield of p-nitro- 
phenylhydrazones was obtained, m. p. 147-5°; this m. p. corre- 
sponds to a mixture containing 54-7% (I) : 45-3% (II). 


m-Dimethylaminoazomethines : 


Time with 
Isomeride NaOEt at Isomeride k, + k, 
used, 82° (hrs.). Yield, %. M. p. (II), %. (hrs,~*). 
0 100-5 188° 0 a 
0-5 94 182 8 0-487 
I [ 1-0 93 178 14 0-476 
1-5 —- 173-5 20 0-519 
2-0 96-5 — 170-5 24 0-522 
7-0 93 160 37 — 
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Time with 
Isomeride NaOEt at Isomeride k,+ ky 
used. 82° (hrs.). Yield, %. M. p. (22), %> (hrs.~*). 
7-0 92 160 37 —- 
3-0 94 156-5 40 —_ 
2-5 94 153 42 — 
1-5 94, 94 164, 163-5 56 0-798 
a ee ce 95 169 64 0-678 
1-0 94 172 69 0-676 
0-75 97 175-5 75 0-671 
0-5 94 181 84 0-584 
0-25 98 184-25 90-5 0-655 
‘ 0 100 189-5 100 — 


Equilibrium : II (37) =I (63); k, + k, (mean) = 0-606 hrs.-!; k,/k, = 
0-587; k, = 0-224; k, = 0-382. 

The equilibrium attained with 1-45N-sodium ethoxide at 85° was 
also determined by the following chemical method. Either azo- 
methine was treated with the catalyst for 1 hour, and, after isolation 
in the usual way and addition of 2N-sulphuric acid, was steam- 
distilled in a current of carbon dioxide in a special all-glass apparatus; 
the distillate was collected in a receiver containing a solution of 
p-nitrophenylhydrazine acetate, and benzaldehyde present was 
estimated as the p-nitrophenylhydrazone. 


Isomeride. Wt. taken, gz. Wt. of hydrazone, g. (ET), '%. 
I 0-1005 0-0396 38-9 
II 0-1073 0-0408 37°5 
Average 38-2 


This result, II (38) => I (62), is in good agreement with that deter- 
mined by the physical method. 


m-Nitroazomethines : 


Time with 

Isomeride NaOEt at Isomeride ky, -+ ky 
used. 82° (secs.). Yield, %. M. p. (IT), %. (hrs.-*). 

0 103 248° 0 pao 

5 — 244 6 149 

I 10 — 240-5 11-5 160 

, 15 —- 237 16 159 

| 30 — 230 28 — 

60 100 227 32 —- 

60 — 197 65 -= 

| 30 — 183 71 oa 

II 4 15 — 174 72 127 

10 _- 177 78 141 

| 5 — 183 87-5 146 

0 101 189-5 100 —- 


[The data for isomeride (I) show that doubling the period of inter- 
conversion (from 30 to 60 seconds) leads to an increase of only 4% 
of (II); since some side-reaction accompanies the process of inter- 
conversion, as is clearly shown by the m. p. data for isomeride (II), 
which rise after passing the eutectic, but insufficiently fast to cor- 
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respond to a velocity constant k, + k, = 150 (approx.), the equi- 
librium could be approached only from the side of isomeride (1), 
and the apparent 4% increase of conversion mentioned above may 
be due partly or wholly to the progress of the side-reaction. It 
seems, however, fairly certain that the equilibrium ratio is close to 
II (30) == I (70).] Equilibrium: II (32) == I (68): k, +h, 
(mean) = 147: k,/k, = 0-47: k, = 47; k, = 100. 

Trimethylammoniumazomethines. The trimethylammoniumazo- 
methines, in contrast to their p-isomerides (J., 1931, 1239), exhibit 
no tendency to eliminate methyl iodide. Thus the azomethine 
(I) by treatment with p-nitrophenylhydrazine acetate under the 
standard conditions gives a clear solution containing the salt (III) ; 
a chloroplatinate, m. p. 207—208° (decomp.), precipitated by addition 
of platinic chloride could not be crystallised from any solvent and 
was analysed crude (Found: Pt, 20:2. C,H, 0,N,Cl,Pt requires 
Pt, 27-5%). 


(IIL.) Ac®{(m)NMe,'C,H,CH:N-NH-C,H,:NO, (p) 


Moreover the azomethines (I, II) after brief treatment with 0-145 
N-sodium ethoxide at 82° furnish clear solutions when the catalyst 
is destroyed by addition of excess of cold water, thereby indicating 
that they are still present as trimethylammonium salts. 

Investigation by the chemical method outlined under dimethyl- 
amino-azomethines shows that rapid interconversion takes place in 
the presence of the catalyst, although only a few measurements 
could be made owing to scarcity of material. After destruction of 
the catalyst, the clear solution was washed into a special all-glass 
apparatus, and, after addition of 2N-sulphuric acid (25 c.c.), benz- 
aldehyde was estimated by steam-distillation in an atmosphere of 
carbon dioxide and conversion into the p-nitrophenylhydrazone, 


Time with 

Tsomeride NaOEt at Wt. of Isomeride 
used. Wt.,g. 82° (secs.). C,H,-CH:N-NH‘C,H,-NO,. (II), %. 

{ 01006 0 op 0 

I 0-0870 30 0-0080* 15 

| 0-1047 60 0-0135+ 20 

0-0995 30 0-0250 40 

II { 0-1002 10 0-0515 81 

0-1005 0 0-0637 100 


* M. p. (crude) 185°: f m. p. (crude) 18°6°: in both cases mixed m. p. 
186—187°. 


No great accuracy is claimed for these figures, but it is evident that 


the m-NMe, group confers a high degree of mobility, comparable 
with that conferred by the m-NO, group, and that the equilibrium 
largely favours isomeride (I). 
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89. The Analogy Between the Benzidine Change and 
the Dissociation of Oxides of Nitrogen. A New 
Reagent for the Recovery of Secondary Bases from 
Nitrosoamines and for Purifying Amines. 


By Epwarp CHARLES SNELL JONES and JAMES KENNER. 


IN a previous paper, the dissociation of nitrogen tri- and tetr- 
oxides was regarded as comparable with the initial stage of the 
isomerisation of hydrazobenzene and symmetrical aromatic hydr- 
azines under the influence of acids, and attributed to heterogeneity 
(Jones and Kenner, J., 1931, 1848). The nitrosoamines can be 
regarded as intermediate between the hydrazines and the oxides 
of nitrogen, and indeed Wieland has emphasised the analogy 
between diarylnitrosoamines and tetra-arylhydrazines in respect 
of their isomerisation by acids and their thermal decomposition 
(Annalen, 1911, 381, 212; 1912, 392, 127). But whilst providing 
experimental evidence for his view that in each case the latter 
change is due to dissociation into radicals (or nitric oxide), Wieland 
rejected the extension of this interpretation to the decomposition 
of hydrazobenzene into aniline and azobenzene, because its 4-methyl 
derivative yielded the two corresponding amines and 4-methyl- 
azobenzene, unaccompanied by either azobenzene or 4 : 4’-dimethyl- 
azobenzene (Ber., 1915, 48, 1098). This argument, however; over- 
looks the fact that each radical will be generated with another 
already within its sphere of action and will therefore react with it 
unless, for example, free molecules of a reducing agent are also 
available, or—as in the case of the tetra-arylhydrazines or nitric 
oxide—it is capable of a separate existence. 

These considerations, we think, suffice also to meet similar and 
other objections to regarding the benzidine change as due to dissoci- 
ation (Wieland, loc. cit.; Jacobson, Annalen, 1922, 428, 76). It is 
significant that Wieland, by heating di-$-naphthylnitrosoamine, ob- 
tained a semidine, which also resulted when the preparation of tetra- 
8-naphthylhydrazine was attempted; and again 3-nitrocarbazole 
as a product. of the thermal decomposition of nitrosocarbazole. 
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Although these results suggest an essential connexion between 
thermal decomposition and isomerisation, the special facility of the 
latter in presence of acid is due to salt formation as provocative of 
dissociation. This was illustrated in our previous paper by reference 
to the sulphonium iodide, Et,S,I, and is clearly discernible in the 
behaviour of nitrosoamines, as represented in the following scheme 
(which may be applied, mutatis mutandis, to the hydrazo- 
compounds) : 


< NRNO >| <_ NHR-No|A > |< Nar |A +*NO 


(II.) 


< NR'NH, (I.) re 
a a - p.m -+ -_ 
lon NHR |A ee |< NEAR |A +*NO | 
+ “l— 
Iil. 
nn av [C_>8EE A +No 


The obvious point of attack by reducing agents is the nitroso- 
group (compare Earl and Kenner, J., 1927, 2139), yet in practice 
this is only the case when alkali or weak acid is present (E. Fischer, 
Annalen, 1877, 189, 152). In these circumstances a secondary 
hydrazine (I) is formed, but a strong acid, on the other hand, by 
salt formation determines dissociation (II), and formation of a 
p-nitrosoamine salt (III), whilst reduction in these circumstances 
yields the salt of the secondary base (IV). 

The above scheme also indicates that it should be possible to 
obtain nitric oxide as second product in the recovery of secondary 
bases from their nitroso-derivatives, but apparently the only 
instance in which the nature of this has been determined is that of 
nitrosopiperidine, from which Wertheim obtained ammonium 
chloride by the action of zinc and hydrochloric acid (Annalen, 1863, 
192, 75). We have, however, now found that nitric oxide is very 
smoothly and readily evolved at the ordinary temperature when a 
solution of cuprous chloride in hydrochloric acid is employed. 
Thus we have successfully employed our reagent for the recovery 
of the parent bases from the nitroso-derivatives of methyl- and 
ethyl-aniline, diphenylamine, piperidine, and triacetonamine, and 
it would seem to be the most suitable for this purpose. Stannous 
chloride may also be employed, but the yield of nitric oxide is not 
by any means quantitative. 

Although Wertheim (loc. cit.) demonstrated the formation of 
nitrosyl chloride from nitrosopiperidine and hydrochloric acid, we 
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regard the possibility that the chloride is the source of nitric oxide 
in our experiments as negatived by the behaviour of mixed hydrazo- 
compounds and the parallelism between these and nitrosoamines. 
Rather it is the formation of nitrosyl chloride by the union of 
nascent nitric oxide and chloride ion which supplies the electron 
requisite to convert the radical in (II) into the secondary base. 

By contrast with the above instances, the very slight basic 
properties of carbazole correspond to the stability of its nitroso- 
derivative towards cuprous chloride solution, although, as mentioned, 
it is amenable to the characteristic thermal decomposition. 

Incidentally to these experiments, we have also observed that 
cuprous chloride is able to form well-defined complex salts with the 
hydrochlorides of bases. Although its use in this connexion has 
received scarcely any attention, apart from an observation by 
Saglier (Compt. rend., 1888, 106, 1423) and from the Sandmeyer 
reaction, we have found it to provide a ready means of purifying 
crude monomethyl- and ethyl-anilines, as well as of separating 
m-toluidine from its isomerides, and vic.-m-xylidine from the 
commercial base remaining after extraction of the p- and the 
4-m-isomerides. 

EXPERIMENTAL. 

Decomposition of Nitrosoamines.—The yield of nitric oxide 
derived from the several nitroso-compounds was determined in the 
apparatus previously described (Jones and Kenner, loc. cit.), by 
adding excess of a cold solution of cuprous chloride (35 g.) in hydro- 
chloric acid (d 1-17; 200 c.c.) to a weighed amount of the nitroso- 
derivative. Decomposition occurred immediately, but the whole 
of the nitric oxide was only collected after the mixture had been 
warmed. In this manner yields of 94, 84, 99-5, 84, and 94:5% 
respectively were obtained from the nitroso-derivatives of methyl- 
aniline, ethylaniline (b. p. 93°/0-5 mm.), piperidine (b. p. 85°/ 
0-5 mm.), triacetonamine, and diphenylamine. The resulting free 
bases were also isolated in the usual manner and respectively 
identified by conversion into the hydrochloride, m. p. 122°, hydro- 
chloride, m. p. 178°, hydrochloride, m. p. 243°, hydrate, m. p. 58°, 
and free base, m. p. 54°. In each case comparison was made with 
an authentic specimen. 

Complex Salts of Cuprous Chloride with Bases.—The following 
procedure is typical of that adopted in the preparation of these 
compounds: methylaniline (5 g.) was treated successively with 
hydrochloric acid (d 1-17; 10 c.c.), aleohol (30 c.c.), and cuprous 
chloride solution (30 ¢.c.). The complex salt, after collection and 
rapid washing with concentrated hydrochloric acid, dilute acid, 
and finally alcohol, was dried in a vacuum desiccator to avoid 
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oxidation and consequent darkening. Colourless needles, m. p. 
(with blackening) 210—220°, sparingly soluble in hydrochloric 
acid, water, and alcohol, were obtained (Found: N, 5-9; Cl, 29:0; 
Cu, 26-2. ©,H,N,HCI,CuCl requires N, 5-8; Cl, 29-2; Cu, 26-2%). 
From ethylaniline, white felted needles were obtained, m. p. 120— 
130° (with blackening), sparingly soluble in concentrated hydro- 

chloric acid, moderately easily in dilute acid, water, and alcohol 
_ (Found: N, 5-5; Cl, 27-3; Cu, 24:8. C,H,,N,HCI,CuCl requires 
N, 5-5; Cl, 27-6; Cu, 248%). Aniline yielded colourless needles, 
which became yellow when dried, m. p. 150—160° (with blackening), 
somewhat soluble in concentrated hydrochloric acid, more soluble 
in water, and moderately easily soluble in alcohol (Found: Cl, 
31-1; Cu, 27-6. C,H,N,HCl,CuCl requires Cl, 31-0; Cu, 27-8%). 
From m-toluidine, colourless felted needles were obtained: they 
became greenish-yellow when dried, m. p. 131—140° (with blacken- 
ing), and were fairly readily soluble in concentrated hydrochloric 
acid, readily in water and alcohol (Found: Cl, 29-6; Cu, 25-7. 
C,H,N,HCI,CuCl requires Cl, 29-2; Cu, 262%). In neither of 
these last two cases could satisfactory values for nitrogen be obtained. 
vic.-m-Xylidine yielded crisp prisms, m. p. 180—190° (with blacken- 
ing), sparingly soluble in hydrochloric acid, water, and alcohol 
(Found: N, 5:5; Cl, 27-5; Cu, 245. C,H,,N,HCI,CuCl requires 
N, 5-5; Cl, 27-6; Cu, 248%). 

Purification of Bases.—Methylaniline. Crude methylaniline 
(50 g) was added to a solution of cuprous chioride (25 g.) in con- 
centrated hydrochloric acid (250 c.c.). The complex salt, having 
been collected from the cooled mixture and washed, was decomposed 
with aqueous sodium hydroxide, and the base isolated by steam- 
distillation. Methylaniline (20 g., b. p. 197° corr.) was obtained. 
Its content of methylaniline was shown to be 100-0% by analysis 
with acetic anhydride, whilst dimethylaniline (20 g.), isolated from 
the liquors, was similarly shown to contain 17-3% of methylaniline 
(inclusive of any aniline present in the original material). 

Crude ethylaniline. The sample of crude monoethylaniline 
(50 g.), kindly supplied by Imperial Chemical Industries, Ltd., was 
treated with a solution of cuprous chloride (23 g.) in concentrated 
hydrochloric acid (140 c.c.). The double salt thus obtained yielded 
pure monoethylaniline (20 g., b. p. 206° corr.), which was found by 
analysis with acetic anhydride to contain 94-8% of monoethyl- 
aniline, as against 79-1°%, similarly determined and inclusive of 
aniline in the original crude material. 

m-Toluidine. The crude base (50 g., and known to contain about 
60% of the pure material), supplied by The British Dyestuffs 
Corporation, was treated with a solution of cuprous chloride (25 g.) 
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in concentrated hydrochloric acid (85 c.c.). The double salt collected 
yielded m-toluidine (32 g., b. p. 203° corr.), the purity of which was 
checked by conversion in excellent yield into the benzoyl] derivative 
(m. p. 125°), and comparison of this with an authentic specimen. 

vic.-m-Xylidine. Commercial xylidine residues (500 c.c.), supplied 
by the British Dyestuffs Corporation, were treated with concentrated 
hydrochloric acid. (500 c.c.), and then with a solution of cuprous 
chloride (800 c.c.), prepared by dissolving cuprous chloride (35 g.) 
in concentrated hydrochloric acid (200 c.c.). The double salt 
furnished vic.-m-xylidine (67 g., b. p. 216-3—-216-7° corr.), and the 
purity of the material was checked by acetylation in benzene 
solution with acetic anhydride. The acetyl derivative was at 
once obtained, without recrystallisation, in the practically pure 
condition (m. p. 174—176°) and in quantitative yield. It was also 
compared with an authentic specimen. 


Tue CoL“LeGe or TECHNOLOGY, 
MANCHESTER. [ Received, December 28th, 1931.] 





90. The Sulphonation of 0-Anisidine and Aceto- 
o-anisidide, 
By ReainaLtp CHILD. 


Tae sulphur analogue of salvarsan, namely, 4 : 4’-dihydroxy-3 : 3’- 
diaminodipheny] disulphide dihydrochloride, has not been described, 
and the author has attempted to prepare it by demethylation of 
2 : 2’-diaminodianisyl 4 : 4’-disulphide (III). The latter substance, 
made by Gnehm and Knecht (J. pr. Chem., 1906, 74, 92), who did 
not record its melting point or analysis, has now been prepared by 
the following route, the sulphonyl chloride (I) being converted 
through the sulphinic acid and mercaptan into (II). 


OMe OMe | OMe | 
F wee See FE On| | 
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(. ) (II.) (III.) 


In this connexion, the sulphonation of o-anisidine and aceto-o- 
anisidide has been studied. The proof, hitherto lacking, that the 
acid obtained by the sulphonation of o-anisidine (D.R.-P. 291,963 ; 
Friedlander’s “ Fortschritte,’’ XIII, 479) is 2-aminoanisole-4-sul- 
phonic acid has now been furnished, since the product has been 
shown to be identical with 2-aminoanisole-4-sulphonic acid prepared 
by the reduction of 2-nitroanisole-4-sulphonic acid (Gnehm and 
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Knecht, loc. cit.): both samples were converted on diazotisation 
and treatment with boiling cuprous chloride solution into 2-chloro- 
anisole-4-sulphonic acid, isolated as the sodium salt, and converted 
into the chloride and the amide. 2-Chloroanisole-4-sulphony] 
chloride was also obtained by the action of chlorosulphonic acid 
upon o-chloroanisole, a by-product of this reaction being 3 : 3’-di- 
chloro-4 : 4’-dimethoxydiphenylsulphone. The latter was prepared by 
an alternative method which provides proof of its constitution, 
viz., the chlorination of pp’-dimethoxydiphenylsulphone. 

2-Aminoanisole-4-sulphonic acid from each of the two sources 
mentioned above was converted into 2-acetamidoanisole-4-sulphonyl 
chloride (1). This substance, however, is made most conveniently 
by the action of chlorosulphonic acid upon aceto-o-anisidide. It is 
remarkable that it may be prepared thus in good yield (75%) and 
unaccompanied by isomeric substances, for the nitration of aceto- 
o-anisidide (Ingold and Ingold, J., 1926, 1316) affords a mixture of 
nitro-compounds in which the 5-nitro-derivative predominates, and 
the derivative obtained by Orton and King (J., 1911, 99, 1191) from 
the chlorination of aceto-o-anisidide appears to be the 5-chloro- 
compound, since its properties accord well with those of authentic 
5-chloroaceto-o-anisidide (Reverdin and Eckhard, Ber., 1899, 32, 
2625). 

2-Acetamidoanisole-4-sulphonyl chloride was converted by the 
usual methods into a number of thio-derivatives, which call for 
no special comments and are described in the experimental section. 
4: 4’-Dimethoxy-3 : 3’-diaminodiphenyl disulphide has m. p. 105° 
(acetyl derivative, m. p. 153°), whereas the isomeric 5 : 5’-dimethoxy- 
4 : 4’-diaminodiphenyl disulphide (Hodgson and Handley, J., 1928, 
626) melts at 88° (acetyl derivative, m. p. 136°), this non-identity 
providing further confirmation of the 4-structure of the derivatives 
here described. 

EXPERIMENTAL. 

Reduction of 2-Nitroanisole-4-sulphonic Acid (compare Gnehm and 
Knecht, loc. cit.).—o-Nitroanisole (50 g.) and chlorosulphonic acid 
(40 g.) were cautiously mixed and after a few minutes the reddish 
deliquescent mass was dissolved in water (150 c.c.), freed from 
unchanged nitroanisole by means of ether, and treated with con- 
centrated hydrochloric acid (200 c.c.) and, in portions, granulated 
tin (120 g.). Reduction was vigorous at first and cooling was 
necessary. When most of the tin had dissolved, 5N-hydrochloric 
acid (200 c.c.) was added, and the solution heated on the steam-bath 
for 3—4 hours. The mixture was kept in the ice-chest over-night ; 
the crystalline deposit was then collected and dissolved in water, tin 
removed as sulphide, and the filtrate concentrated to 300 c.c. and 
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allowed to erystallise. Yield, 25 g. (38%). It is.not economical to 
treat the mother-liquor. 

2-Aminoanisole-4-sulphonic acid separates from water (16 parts) 
in colourless rhombs, decomp. about 300°. 100 Parts of water 
dissolve 2:56 g. at 22° (Found: N, 6-8; equiv., 203. Calc. for 
C;H,O,NS : N, 69%; equiv., 203). 

Sulphonation of o-Anisidine—o-Anisidine (40 g.) was dissolved 
in sulphuric acid (80 c.c.), 20% oleum (80 ¢.c.) added, and the mix- 
ture kept at 80° for 10 minutes, cooled, and poured onice. The acid 
(56 g.), which gradually separated, was recrystallised from water 
(600 c.c.; charcoal), 40 g. (61%) of pure sulphonic acid being 
obtained (Found : N, 6-99%; equiv., 203). 

Conversion of the Sulphonic Acid from either Source into 2-Chloro- 
anisole-4-sulphonic Acid—(A) Acid from the reduction of 2-nitro- 
anisole-4-sulphonic acid. The acid (20 g.) was dissolved in N-sodium 
hydroxide (100 c.c.), sodium nitrite (7 g.) added, the solution cooled 
to 0°, and concentrated hydrochloric acid (30 c.c.) run in at such a 
rate that the temperature did not rise above 5°; the yellow diazo- 
salt which at first separated, redissolved. The clear diazo-solution 
was run into a boiling solution of cuprous chloride (16 g.), concen- 
trated hydrochloric acid (75 c.c.), and water (25 c.c.). Addition of 
saturated brine (450 c.c.) to the cooled solution precipitated sodium 
2-chloroanisole-4-sulphonate, which was collected, dissolved in the 
minimal amount of water (charcoal), and reprecipitated by addition 
of brine (2 vols.). Yield, 15-6 g. (65%). 

The sodium salt was triturated with phosphorus pentachloride 
(24 g.); the mixture became liquid and after 1 hour it was treated 
with ice-cold water, and the chloride collected (14 g., m. p. 73—76°). 
This material, fractionally crystallised from light petroleum, gave 
a recovery of 12-4 g. in four crops differing only 3° in m. p. 

2-Chloroanisole-4-sulphonyl chloride formed colourless stout prisms, 
m. p. 81—82° (corr.), from light petroleum (10 parts, b. p. 40—60°) 
(Found: Cl, 29-45; 8, 13-0. C,H,0,CI,S requires Cl, 29-4; S, 
13-3%). The corresponding amide, matted needles from water, 
had m. p. 130—131° (corr.) (Found: C, 381; H, 3-8; N, 6-3. 
C,H,O,NOIS requires C, 37-9; H, 3-7; N, 6-3%). 

(B) Acid from the sulphonation of o-anisidine. This acid (20 g.), 
treated in the manner described under (A), gave 16 g. (67% of the 
theoretical yield) of sodium chloroanisolesulphonate, which, on 
treatment with phosphorus pentachloride (25 g.), afforded 13-5 g. 
of chloride, m. p. about 77°. This material also was homogeneous, 
fractionation from light petroleum giving four crops differing only 
1° in m. p. The first crop (8-5 g.) had m. p. and mixed m. p. 81°; 
the amide prepared from it had m. p. and mixed m. p. 130°. 
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Chlorosulphonation of 0-Chloroanisole—o-Chloroanisole (5-25 g.) 
was added carefully to chlorosulphonic acid at 0°, and the mixture 
heated at 50° for a few minutes, cooled, and poured on ice, The 
product (6-3 g.) had m, p. 66—72° (not clear); 0-5 g. of the material 
was undissolved by light petroleum (75 ¢.c.) and had m. p. 155—157° 
(uncorr.). The crude chloride which separated (4 g., m. p. 73—76°), 
after a further recrystallisation, had m. p. 77—80°, not depressed 
by either of the samples previously described, It was converted into 
the amide, which, after crystallisation, had m. p. 130° (corr.), not 
depressed by admixture with an authentic sample. 

The high-melting product after two crystallisations from alcohol 
had m. p. 165—166° (corr.). It was unattacked by boiling 20% 
caustic soda solution, and was shown to be 3: 3’-dichloro-4 : 4’-di- 
methoxydiphenylsulphone (Found: Cl, 20-3; S, 9-3. Cy gH ,0,C1,8 
requires Cl, 20-4; S, 9-2%) by the following alternative synthesis. 

pp’-Dimethoxydiphenylsulphone [from pp’-dihydroxydiphenyl- 
sulphone (250 g.), 5N-caustic soda (500 c.c,), and methyl sulphate 
(250 c.c.) at 100°], m. p. 129°, (14 g.) in boiling glacial acetic acid 
(100 c.c.) was treated for 2 hours with a steady stream of chlorine. 
The crude product (12-75 g.) precipitated by water, after several 
crystallisations from alcohol, had m. p. 164—165° (corr.), not 
depressed by admixture with the material described above. 

Chlorosulphonation of Aceto-o-anisidide.—Aceto-o-anisidide (13 g.) 
was added slowly to chlorosulphonic acid (30 c.c.), the temperature 
being kept below 50°; the mixture was kept at 50° for 4 hour, cooled, 
and poured on ice. The crude product (14 g.) had m. p. 148° 
(uncorr.). The average yield of several experiments was 75%, and 
careful fractionation of 240 g. of the crude material failed to show 
the presence of an isomeride. 2-Acetamidoanisole-4-sulphonyl 
chloride (I) separated from benzene (10 parts) in colourless needles, 
m,. p. 152—153° (corr.) (Found: Cl, 13-3. C,H,),O,NCIS requires 
Cl, 13-4%). The corresponding amide, prepared in the usual manner, 
melted, after recrystallisation from alcohol, at 226° (corr.) (Found : 
N, 11-3. C,H,,0,N,S requires N, 11-5%). 

The following alternative method of preparation establishes the 
constitution of these derivatives. Dried and powdered sodium 
2-aminoanisole-4-sulphonate (22-2 g.) was treated with acetic 
anhydride (15 c.c.); after 1 hour, the gummy product was granulated 
by treatment with acetone and dried ina vacuum. The crude acety]- 
ated salt was triturated with a large excess of phosphorus penta- 
chloride and after 1 hour water was added; the crude chloride 
(21-2 g.), after two recrystallisations from benzene, had m, p. 152— 
153° and was identical with the material obtained by. chloro- 
sulphonation of acéto-o-anisidide. 
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4-Thio-derivatives of Aceto-o-anisidide.—2-Acetamidoanisole-4- 
sulphinic acid. The sulphonyl chloride (24 g.) was shaken with 
sodium sulphite (60 g.) and water (120 g.) until it dissolved, the 
mixture being kept just alkaline by the occasional addition of 20% 
caustic soda solution. The sulphinic acid, isolated in the usual 
manner, separated from water in colourless needles, containing 
1H,0, m. p. 117—119° (corr.; efferv.) (Found: equiv., 246-0. 
C,H, ,0,NS8,H,O requires equiv., 247:1). The acid gradually decom- 
poses at 100°. 

2-Acetamidoanisyl-4-methylsulphone was obtained by heating 
silver 2-acetamidoanisole-4-sulphinate (8 g.) with an excess of methyl 
iodide under reflux for 4 hours. The excess of the latter was dis- 
tilled off, and the residue extracted with boiling water (500 c.c.); 
the filtered extract on cooling deposited the sulphone in shimmering 
eolourless plates (3-42 g.), m. p. 186° (corr.), very ‘sparingly 
soluble in cold water (Found: N, 5-7. C,H ;,0,NS° requires 
N, 58%). 

2-Acetamidoanisyl 4-disulphoxzide was obtained (30% yield) from 
the sulphinic acid by treatment in aqueous solution with sulphurous 
and hydriodic acids in the usual manner. It formed colourless 
short prisms, m. p. 226° (corr.; decomp.), from acetic acid (Found : 
N, 6-5. C,gH» 0,N,S, requires N, 6-6%). The disulphoxide was 
not altered by exposure to light, which accords with the observation 
of Child and Smiles (J., 1926, 2696) that phototropy is only exhibited 
by disulphoxides having the sulphur atom para to nitrogen. 

Reduction of the sulphonyl] chloride with zinc dust and alcoholic 
hydrochloric acid (compare Zincke and Miiller, Ber., 1913, 46, 784) 
and oxidation of the final alcoholic solution by means of ferric 
chloride gave the crude disulphide, m. p. about, 145°, which was 
difficult to purify. It was found preferable to reduce the sulphinic 
acid with the same reagents; 2-acetamidoanisyl 4-mercaptan was 
then obtained in 80° crude yield, which after purification by means 
of caustic soda, and crystallisation from 30° aqueous alcohol, 
formed pale yellow leaflets, m. p. 121—122°. Acetylation of the 
mercaptan by means of acetic anhydride and sodium acetate 
afforded the diacetyl derivative of 4-thiol-2-aminoanisole, m. p. 
85—86° in agreement with Gnehm and Knecht (loc. cit.). 

2-Acetamidoanisyl 4-methyl sulphide, obtained from the mer- 
captan and methyl sulphate, had m. p. 109—110° (corr.) (Found: 
§,.15-0. C, 9H,,0,NS8 requires 8, 15-2%). 

Oxidation of the mercaptan in alcoholic solution by means of 
ferric chloride yielded (in nearly theoretical amount) 2 : 2'-diacet- 
amidodianisyl 4 : 4’-disulphide (11), rosettes of pale yellow needles, 
m. p. 153° (corr.), from alcohol (20 parts) (Found: 8S, 15-9. 
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C1 gH,0,N.8, requires 8, 16-39%). This substance (11-2 g.) was boiled 
for 4 hour with hydrochloric acid (75 c.c.) and alcohol (50 c.c.). 
After cooling, the crystalline deposit of 2 : 2’-diaminodianisyl 4 : 4-di- 
sulphide dihydrochloride was collected (9-4 g.) and recrystallised from 
5N-hydrochloric acid, from which it formed minute needles, m. p. 
268° (corr.; decomp.) (Found: Cl, 18-2. C,,H,,0,N,8,,2HCI 
requires Cl, 18-6%). This hydrochloride, previously prepared but 
inadequately described by Gnehm and Knecht (loc. cit.), was readily 
soluble in water, giving an acid solution which on dilution became 
turbid owing to separation of the free base; it was sparingly soluble 
in concentrated hydrochloric acid and in alcohol; addition of ferric 
chloride to an aqueous solution produced a green colour. The free 
2 : 2’-diaminodianisyl 4: 4'-disulphide (III) formed pale yellow 
prisms, m. p. 105° (corr.), from alcohol (Found: N, 9-05. 
C,,H,,0,N,8, requires N, 9-1%); it was readily re-acetylated and 
it was found that the crude 2-acetamido-disulphide, m. p. about 145° 
(see above), could be satisfactorily purified by hydrolysis, crystallis- 
ation, and re-acetylation of the amino-disulphide. 

All attempts to prepare 4 : 4’-dihydroxy-3 : 3’-diaminodiphenyl 
disulphide dihydrochloride in a pure state by demethylation of the 
methoxy-disulphide were unsuccessful. 


ReFsEARcH LABORATORIES, Messrs. Boots Pure Drue Co., Lrp., 
NOTTINGHAM. [ Received, November 26th, 1931. 





NOTES. 


The Measurement of Glass Electrode Potentials by a Valve Electro- 
meter, By Guy DrumMMoND GREVILLE and Nog FRANCIS 
MACLAGAN. 


A VALVE electrometer was recently described by us (7'rans. Faraday 
Soc., 1931, 27, 210) in which, by the application of a more sensitive 
galvanometer and a special switch, the accuracy of the apparatus of 
Harrison (J., 1930, 1528) was increased from + 1 millivolt to + 0-05 
millivolt. Morton, commenting on this (J., 1931, 2977), remarks : 
“Tt is noteworthy, however, that the maximum deflexion which 
they obtained for a potential of 0-05 millivolt was only 0-6 mm., 
whereas the zero drift amounted to 2 mm. per minute.’ We must, 
however, point out that with our electrometer, readings are taken 
so rapidly (in about 3 seconds) that this zero drift is negligible. 
Thus, the following two series of successive measurements of the 
potential of a MacInnes and Dole type glass electrode were taken 
by two different observers : 6 











NOTES. 721 





82-84, 82-90, 82-91, 82-89, 82-85, 82-90 : mean = 82-88 mv. 
Maximum positive error: + 0-03 mv. 
nt negative ,, — 0-04 mv. 
82-88, 82-84, 82-89, 82-91, 82-92, 82-90 : mean = 82-89 mv. 
Maximum positive error: -+- 0-03 mv. 
me negative ,, — 0-05 mv. 
Drift = 2 mm. in 50 seconds. 


It is thus clearthat anaccuracy of + 0-05 mv. isreadily obtained with 
our simple apparatus.—CovuRTAULD INSTITUTE OF BIOCHEMISTRY, 
Mippiesex Hosprrat, Lonpon, W.1. [Received, December 17th, 
1931.] 





The Composition of Salinigrin. A Correction. By Hooper ALBERT 
Dickinson JOWETT. 


In 1900 (J., 77, 707) the author isolated from a sample of bark 
purchased as black willow, the botanical source of which was un- 
known, a glucoside different from salicin and named it “ salinigrin ” 
with regard toits source. The aglucone obtained from this glucoside 
agreed in certain respects with m-hydroxybenzaldehyde and, 
although the melting point of the mixed aglucone and synthetic 
aldehyde was not determined, it was described as the glucoside of 
m-hydroxybenzaldehyde, a new substance. 

In 1902, Jowett and Potter (Y. Book Pharm., 1902, 483), as a 
result of the examination of 31 authentic specimens of varieties of 
European and American willow and poplar barks, found this gluco- 
side to occur in only one species, namely, S. discolor, Muhl, and not 
in S. nigra, Marsh. 

Recently Bridel and Rabaté (J. Pharm. Chim., 1930, 11, 561) 
isolated from a bark, described as black willow from N. America, 
a glucoside having similar physical constants to the salinigrin 
described above, but from their examination of it they concluded 
it to be identical with picéoside—a glucoside isolated by Tanret 
from Picea excelsa, Link, and by Charaux and Rabaté from Amel- 
anchier vulgaris, Moench. This substance is the glucoside of p-hydr- 
oxyacetophenone. 

Samples of the original glucoside and of the aglucone isolated from 
it being available, determinations of the melting points of mixtures 
of the aglucone with both m-hydroxybenzaldehyde and p-hydroxy- 
acetophenone were made. Both the original aglucone and that 
recently prepared melted at 109°. A specimen of synthetic m-hydr- 
oxybenzaldehyde, m. p. 104—105°, melted at 70° when mixed with 
the aglucone. A specimen of synthetic p-hydroxyacetophenone 
melted at 108—109°, alone or mixed with the aglucone. 
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The author therefore confirms the statement that the glucoside 
found in the bark of S. discolor, Muhl, and named salinigrin is 
identical with the picéoside of Tanret and is the glucoside, not of 
m-hydroxybenzaldehyde, but of p-hydroxyacetophenone.—WELL- 
COME CHEMICAL WORKS, DartTrorD. ([Received, January 20th, 1932.] 





The Reduction of |-n-Butylvinylcarbinol to Ethyl-n-butylcarbinol. A 

Correction. By Rospert lan JOHNSON and JosEPH KENYON. 
Ir was stated by Kenyon and Snellgrove (J., 1925, 127, 1169) that 
when /-n-butylvinylearbinol is reduced: by hydrogen in the presence 
of colloidal platinum the resulting ethyl-n-butylcarbinol is levo- 
rotatory. This experiment was repeated by Levene and Haller 
(J. Biol. Chem., 1929, 83, 579), who found that the resulting ethyl- 
n-butylearbinol, although possessing the same magnitude of rotatory 
power as that obtained by Kenyon and Snellgrove (loc, cit.), was 
dextrorotatory. We have accordingly repeated the work and have 
confirmed the result obtained by Levene and Haller. 

A specimen of dl-n-butylvinylearbinyl hydrogen phthalate 
prepared by Kenyon and Snellgrove (loc. cit.) was converted into 
the strychnine salt, which was crystallised ten times from ethyl 
alcohol. The /-n-butylvinylearbinyl hydrogen phthalate obtained 
by the decomposition of this salt had [a]? — 12-8° (¢« = 50,7 = 
2-0) in ethyl-alcoholic solution; on hydrolysis it yielded l-n-buty]l- 
vinylearbinol, b. p. 83°/35 mm., a2;, — 6-27° (1 = 0-25), n#” 1-4340, 
which decolorised bromine solution rapidly. 

l-n-Butylvinylearbinol (3-4 g.) in dry ether was reduced by 
hydrogen at an excess pressure of one atmosphere in the presence 
of platinum oxide (Voorhees and Adams, J. Amer. Chem. Soc., 1922, 
44, 1397), and the theoretical quantity of hydrogen was absorbed in 
about 4 hours. The ethereal solution was filtered and kept over 
potassium carbonate; the ether was removed, and the ethyl-n- 
butylcarbinol distilled ; b. p. 64—65°/16—17 mm., nj” 1-4202, 
ass, “t+ 1-82°, aft” + 1-53° (7 = 0-25). 

This carbinol, which did not decolorise bromine solution, was 
converted into its hydrogen phthalic ester which, after crystallis- 
ation from light petroleum, had [a]? -+ 19-3° (c = 5-0, 1 = 2) in 
ethyl-alcoholic solution and m. p. 48° alone and when mixed with 
the hydrogen phthalic ester of d-ethyl-n-butylearbinol obtained by 
the resolution of dl-ethyl-n-butylearbino]l (Pickard and Kenyon, 
J., 1913, 103, 1923)—Barrersea Potytecunic, S8.W. 11. 
[ Received, December 19th, 1931.] 7 
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The Preparation of Quinoline-2-aldehyde and Some of its Derivatives. 
By Kenneth ERNEST Cooper and JuLius BEREND COHEN. 
THE preparation of this aldehyde by Miller and Spady’s method 
(Ber., 1885, 18, 3237, 3404) gives a very poor yield (10%) of impure 
material which is difficult to crystallise. The following modification 
enables the material to be obtained in a practically pure, easily 
crystallisable form in a yield exceeding 50% of the theoretical. 

An aqueous solution of 30 g. of crystalline sodium carbonate 
containing 30 g. of quinoline-2-acrylic acid is made up to 400 c.c., 
covered with ether (ca. 1 1.), and cooled in tap water while a solution 
of 50 g. of potassium permanganate in the minimum quantity of 
water (about 800 c.c.) is added during 1 hour with constant shaking. 
After 4 hour, the liquid is filtered, and the aqueous layer extracted 
once more with ether. The combined ethereal extracts are dried 
over sodium sulphate and evaporated. Yield, 12 g. of aldehyde, 
m. p. 67—69°. The product crystallises in colourless rhombic 
crystals from light petroleum. 

6-Acetamido-2-(2'-quinolylstyryl)quinoline methochloride, m. p. 278° 
(decomp.), crystallised in golden-yellow needles from 70% alcohol 
(Found: Cl, 9-3. C,3H,,ON,Cl requires Cl, 9-1%). It was ob- 
tained by 2 hours’ boiling of an alcoholic solution of 6-acetamido- 
quinaldine methochloride with the theoretical amount of quinoline- 
2-aldehyde and a trace of piperidine. 

Hydrolysis of the acetyl compound with boiling hydrochloric 
acid for 4 hour, fotlowed by neutralisation with ammonia and 
crystallisation from aqueous alcohol, gave 6-amino-2-(2’-quinolyl- 
styryl)quinoline methochloride in bright red needles, m. p. 262° 
(decomp.) (Found : Cl, 10-0. C,,H,,N,Cl requires Cl, 10-2%). 

Quinoline-2-aldehyde p-hydroxyanil, C,sH,N-CH:N-C,H,°OH, melts 
at 240—241° to a red liquid. It crystallised in bright yellow 
plates (Found: N,11-8. C,,H,,ON, requires N, 11-3%), and was 
obtained by melting a mixture of the aldehyde and the theoretical 
quantity of p-aminophenol on the water-bath until solidification 
occurred. 

The p-dimethylaminoanil, m. p. 148—150°, crystallised in golden- 
yellow needles from methyl alcohol (Found: N, 15-5. C©,,H,,N, 
requires N, 15-39%). It was obtained in a similar way to the p- 
hydroxy-compound from dimethyl-p-phenylenediamine. A colour- 
less deliquescent dihydrochloride was precipitated from ethereal 
solution by dry hydrogen chloride (Found: Cl, by titration, 21-0. 
C,,H,,N3,2HCl requires Cl, 20-4%). 

The p-diethylaminomethylanil was obtained by heating theoretical 
quantities of the aldehyde and p-aminobenzyldiethylamine for 
5 minutes on the water-bath and then keeping the mixture at room 
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temperature over-night. The solid was washed with light petroleum 
and recrystallised from that solvent, forming pale yellow plates, 
m. p. 44—46° (Found: N, 13-9. C,,H,,N, requires N, 13-5%). 

This paper forms the unpublished part of a research carried out 
with the support of the Medical Research Council.—THEr MEpicau 
ScHoo.t, Leeps. [Received, January 13th, 1932.] 





The Preparation of Dibromofluorescein. By MonTaGuE ALEXANDER 
PHILLIPS. 


BaYER prepared “ dibromofiuorescein ”’ in 1876 (Annalen, 183, 38) 
by the action of bromine on fluorescein, but it is doubtful whether 
his preparation, or indeed any preparation made by this method 
in the presence of solvents, was pure. Pure dibromofluorescein 
(m. p. 280—290°) was first mentioned by Orndorff and Hemmers 
(J. Amer. Chem. Soc., 1927, 49, 1277); presumably they obtained 
it by fractional crystallisation and hydrolysis of the dibenzoate. 

Although these authors refer to hydrochlorides of fluorescein 
derivatives, there is no hint that similarly constituted hydrobromide 
compounds are formed in the bromination of fluorescein. 

It has been found that this bromination leads to variable mixtures 
of dibromofluorescein hydrobromide and fluorescein, from which 
the combined hydrogen bromide can be quantitatively removed 
by hot water or cold caustic alkali. When bromination was con- 
ducted in glacial acetic acid, pure dibromofluorescein hydrobromide 
could not be obtained; the use of 80% acetic acid as solvent gave, 
however, an 85—88%, yield of this substance, from which, by the 
action of hot water, pure dibromofluorescein, m. p. 285°, was ob- 
tained. Since this compound, without further purification, gave 
a 95% yield of pure diacetate, it must be concluded that little or no 
eosin is formed during the reaction. 

Bromination of Fluorescein.—(a) With 1-6 mols. of bromine. To 
a suspension of fluorescein (66 g.) in glacial acetic acid (250 c.c.) 
was added at 80° a solution of bromine (50 g.) in glacial acetic acid 
(200 c.c.). After 2 hours’ stirring at the same temperature, the 
product was collected and washed with alcohol and ether. Dried 
at 90°, it weighed 91 g. and contained 34:2°% of bromine. Washing 
with hot water removed 12-2% of bromine as hydrobromic acid 
and left 80 g. of material, m. p. 250° (Br, 25-3%) ; this corresponds 
to a mixture of 77-5%, of dibromofluorescein and 22-5%, of fluorescein. 

(b) With 2-0 mols. of bromine. The above experiment was re- 
peated, 2 mols. of bromine (64 g.) being used; the yield was 96 g. 
(Br, 37-:0%). This lost 13% of its weight on treatment with hot 
water or by reprecipitation of its alkaline solution with acetic acid. 
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The mixture of dibromofluorescein (89%) and fluorescein (11%) 
obtained in this way, m. p. 250—255°, contained 29-0°% of bromine. 
(c) With 2-5 mols. of bromine. This gave a yield of 100 g. (Br, 
39-2%) which lost 12 g. on treatment with hot water or cold caustic 
alkali. The mixture obtained, m. p. 255°, consisted of 94% of 
dibromofluorescein and 6% of fluorescein (Br, 30-6%). 

(d) With 80% acetic acid as solvent. <A repetition of (b) with 
80% instead of glacial acetic acid gave a yield of 100 g. (Found : 
Br, 41-5. Cale. for C,,H,,0;Br,,HBr : Br, 420%). This lost 14-0% 
of hydrogen bromide when treated with hot water (calc., 14-0%) 
and gave pure dibromofluorescein, m. p. 285° (Found: Br, 32-7. 
Cale.: Br, 32-7%). It is a deep red, microcrystalline powder, 
which crystallises from 30% alcohol in red plates. It is soluble 
in alkalis to a deep red solution; unlike Bayer’s “‘ dibromofluores- 
cein,” it dissolves in sodium carbonate solution without evolution 
of carbon dioxide. 

Dibromofluorescein Diacetate.—Dibromofluorescein (10 g.), mixed 
with acetic anhydride (40 c.c.) and one drop of sulphuric acid, was 
refluxed for one hour; when the mixture was poured into water the 
diacetate, m. p. 210°, was precipitated in 95% yield (Found in crude 
material: Br, 27-9; CH,°CO, 14:8. Cale.: Br, 27-9; CH,-CO, 
150%). Recrystallised from acetic anhydride or nitrobenzene, it 
consisted of colourless or pale yeliow plates, m. p. 211°. Hydrolysis 
with alcoholic sulphuric acid gave a quantitative return of pure 
dibromofluorescein, m. p. 285°.—RESEARCH LABORATORIES, MEssRs. 
May & Baxer, Limited, Lonpon, §8.W.18. [Received, December 
12th, 1931.] 





91. The Decomposition of Ammonium Nitrate. 


By MapHAVLAL SUKHLAL SHAH and TRAMBAKLAL 
MoHANLAL Oza. 


THE decomposition of ammonium nitrate has been studied by 
various investigators. Emmet (Amer. J. Sci., 1830, 18, 255) 
showed that, like other ammonium salts, when exposed to the air 
or when heated it lost ammonia, becoming acid : 


NH,NO, == NH, + HNO, — 41:30 Cals. . (1) 
The decomposition into nitrous oxide and water, which has been 
long known, was studied by Berthelot (Compt. rend., 1876, 82, 
932), Thomsen (Ber., 1879, 12, 2062), and Veley (J., 1883, 43, 370). 
The first two found that the reaction is exothermic : 
NH,NO, —> N,0 + 2H,0 + 29°5 Cals. (B.) 
+ 30°34 Cals. (T.) . ~ (2) 
BB 
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The last studied the rate of decomposition by measuring the gas 
evolved and the free acid formed, and concluded that it “is dependent, 
not only on the mass of ammonium nitrate undergoing decomposi- 
tion, but also upon the proportion of free acid present,” and that 
it is completely arrested even at temperatures 50—60° above the 
normal decomposition temperature by an excess of ammonia 
obtained either by passing in the gas or by the addition of a 
basic oxide. 

It is also known that the decomposition of ammonium nitrate 
is very much accelerated in presence of finely divided substances, 
€.g., glass, grap..te, spongy platinum, etc., and that gases other 
than ammonia and nitrous oxide are evolved. Reiset and Millon 
(J. pr. Chem., 1843, 29, 365) found that addition of platinum black 
caused evolution of nitrogen, ascribed by Berthelot to the reaction 


5NH,NO, —> 4N, + 9H,O + 2HNO,. . . (3) 
In addition, the fused salt can decompose, evolving nitrogen per- 
oxide or trioxide, nitrogen, and water : 
4NH,NO, —_ 3N, a. N,0, 4. 8H,0 . . . (4) 
If the salt be heated from 230° upwards, the decomposition becomes 
increasingly rapid and finally explosive, incandescence then setting 


in. According to Berthelot, the explosive reaction with the aid 
of a strong detonator is ; 


2NH,NO, —> 2N,+4H,0O+0, . . . (6) 
and with the aid of a weak detonator 
2NH,NO, —> N, +4H,O+2NO. . . (7) 


The latest work on the thermal decomposition of ammonium 
nitrate is that of Saunders (J., 1922, 121, 698). From the results 
of gas analysis, he represented the main course of decomposition 
up to 260° by the equations (1) and (2) and also 


The explosive decomposition was shown to proceed mainly accord- 
ing to 


8NH,NO, —> 16H,O + 2NO, + 4NO+5N, . (9) 


The equations (1) and (8) taken together yield equation (3), and 
equation (9) can be obtained from equations (4) and (7). 

Veley and Saunders (locc. cit.) conducted their experiments under 
atmospheric pressure, using 100 g. and 40 g. of ammonium nitrate 
respectively. The former assumed that the gas evolved was nitrous 
oxide, which was measured by collecting the air displaced over 
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saturated potassium sulphate solution. The free acid, which 
varied from 0-02 to 0-7%, was found to be nitric acid free from 
nitrous and hyponitrous acids, and was estimated by titration. 
Saunders did not examine the residue but drew his conclusions 
entirely from the composition of the gas evolved. Nitrous oxide 
was estimated by explosion with hydrogen, and nitric oxide and 
nitrogen peroxide by displacement of iodine from potassium iodide, 
nitrogen being found by difference. The gaseous products at all 
temperatures between 220° and 260° were almost constant, i.e., 
98% N,O, 2% N,, and 0-001% each NO and NO,. The liquid 
products carried over with the gas contained nitrous and nitric 
acids and a little ammonium nitrate. 

In the present investigation the decomposition has been studied 
by heating a constant quantity of ammonium nitrate (1 g.) in a 
vacuum and analysing quantitatively (a) the gas evolved and (6) 
the residue, the methods employed being more refined than those 
of the two foregoing workers. The recorded volumes of gases are 
reduced to N.T.P. 

EXPERIMENTAL. 

Method.—The construction of a suitable apparatus for studying 
the decomposition under vacuum presented difficulty : it was found, 
in agreement with Reik (Monatsh., 1902, 23, 1033), that ammonium 
nitrate when heated in a vacuum above its m. p. (169°) sublimes 
without undergoing decomposition. This difficulty was overcome 
by using two electric furnaces, the lower being maintained at the 
temperature of the experiment, and the upper one at 170°, 1.e., 
just above the m. p. The vapours of ammonium nitrate and of 
ammonia and nitric acid, which escape from the reaction chamber, 
tend to condense or recombine at the lower temperature of the 
upper furnace, and the liquid ammonium nitrate thus formed is 
returned to the reaction chamber. So long as the temperature 
of the upper furnace was kept between 165° and 175°, the rate of 
decomposition remained unaltered; there was a slight increase in 
the reaction velocity when the upper furnace was at 180° and a 
corresponding decrease when it was at 160°. 

Procedure.—The apparatus is shown in Fig. 1. The column 4, 
which contained a weighed quantity of pure dried ammonium 
nitrate, was connected by means of a ground-glass joint x to a three- 
way tap m through a six-inch layer of phosphoric oxide B. Before 
the commencement of each experiment a strip of paper containing 
mercurous nitrate was introduced in the apparatus above the ground 
joint 2 as a test for ammonia in the gas. The manometric con- 
nexion M with the tap » was used when required to read the pressure 
of the gas in the apparatus. On the other side of the tap m, one 
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limb was attached to a bulb C, removable at the ground-glass joint 
y and containing moist sodium hydroxide, and also to a trap E. 
For increasing the dead space, a bulb D was inserted between C 
and Z. Beyond £ was the Sprengel pump. The connexion with 
the bulb C and the pump was secured whenever required by opening 
the taps o and p respectively. 


Fig. 1. 
































After complete evacuation the apparatus was always tested for 
leaks by standing over-night. To begin the heating, the tap m 
was closed and the upper furnace K adjusted in the position shown 
in Fig. 1. The temperature was raised and maintained constant 
at 170°. The lower furnace, which was meanwhile heated on the 
bench to 1° or 2° above the temperature of the experiment, was 
then placed round the column A at a noted time. After the heating, 
both furnaces were removed, and the column A was allowed to 
cool, After the taps o and p had been closed, the trap Z was im- 
mersed in liquid air and the tap m opened. Nitrous oxide and 
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nitrogen peroxide and trioxide were condensed, leaving incon- 
densable gas, which was collected by opening tap p and applying 
the pump; on analysis, this was found to contain only nitrogen. 

The taps m and p were now closed, and the liquid air removed. 
Nitrogen peroxide or trioxide was detected by means of brown 
ringsin the trap H. Whenever they were present, they were allowed 
to be absorbed by moist sodium hydroxide in C by opening the 
tap o. Nitrous oxide which remained in the gaseous state was 
pumped off and measured. The presence of nitrogen peroxide 
or trioxide was confirmed by detaching the bulb C, dissolving the 
solid in water, and testing the aqueous solution with acidified 
potassium permanganate or potassium iodide. 

The tap m was finally left open to the air, and the column A 
removed from the ground joint z. The residue was dissolved in 
water, diluted to 250 c.c., and analysed. Ammonia was distilled 
off by displacement with sodium hydroxide, and absorbed in 
standard sulphuric acid; nitrate was determined by the ferrous 
sulphate method. Nitrate equivalent to the ammonia found was 
subtracted from the total nitrate: the difference gave the amount 
of free nitric acid present. 

The solution was also tested for nitrous and hyponitrous acids 
by means of the sulphanilic acid—«-naphthylamine reaction. 
Negative results were obtained up to 270° : above that temperature 
a trace of nitrous acid was present. 

Material._—The ammonium nitrate used was purified as follows. 
Merck’s extra pure reagent was twice recrystallised from con- 
ductivity water, filtered, and left on porous tile in a sulphuric acid 
desiccator for four days. The middle portion of these crystals was 
put in a Pyrex beaker, which was kept in an air-oven at 120° for 
four days. The solid was then finely powdered and kept in a 
shallow vessel over phosphoric oxide under vacuum for one year. 
The product melted at 169°, in agreement with the m. p. of Early 
and Lowry (J., 1919, 115, 1387) and of Saunders (loc. cit.) (Found : 
0-987 g. gave 0-211 g. NH, and 0-777 g. NO;. Calc.: 0-210 g. 
NH, and 0-765 g. NO). 

Temperature of Decomposition.—Observations on the temperature 
at which ammonium nitrate begins to decompose differ widely ; 
it is frequently given as about 280°, and Gmelin’s “ Handbuch ” 
gives 250°. Pickering (Chem. News, 1878, 38, 267) and Veley (loc. 
cit.) noted distinct evolution of gas at 185° and 186° respectively. 
We determined the temperature of decomposition in the following 
manner. The furnace K was maintained at 170°, and the effect 
on ammonium nitrate in column A of the rise in temperature of 
the furnace L was followed by observing the pressure of the evolved 
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gas. At 185°, 190°, and 200°, ammonia was evolved as shown by 
the effect on mercurous nitrate paper. At 185° no increase in 
pressure was observed during 12 hours, and at 190° the pressure 
of the evolved gas in 3 hours was 9 mm., and at 200° 20 mm. of 
mercury. This shows that decomposition is perceptible at 190°. 
Temperature and Rate of Decomposition.—An idea of the velocity 
of decomposition was first obtained by conducting experiments at 


Fia. 2. 


105 


90 


75 


Time, mins. 


30F 





250° 290° 310° 
Temperature. 


230° 


various temperatures. The reaction was arrested when the pressure 
of the evolved gas was equal to one atmosphere, and the time re- 
quired to reach this stage was noted. The evolved gas and the 
residue were then analysed. The results are given in Table I and 
the time-temperature curve is shown in Fig. 2. 

These results show that (i) ammonia is evolved and free nitric 
acid accumulates in the residue; (ii) ammonium nitrate decomposes 
slowly at 240° and rapidly at 290°, the rate of decomposition being 
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TaBLeE I. 
as evolved, c.c. sidue, g. 
Time 4 evol 0 9 Res due gZ . 
Temp. (mins.). N,. N,O. NH. HNO,;. Free HNQ, 

240° 107 1-1 34:3 0-1704 0-6807 0-0492 
250 52 1-1 34-2 0-1693 0-6730 0-0456 
260 27 1-1 33-0 0-1653 0-6701 0-0575 
270 14 1-2 33-7 0-1704 0-6796 0-0481 
280 8 1-0 31-8 0-1704 0-6823 0-0508 
290 3°5 1-0 31-7 —- _- — 
300 The decomposition is violent. 


approximately doubled by each rise of 10°: the decomposition 
is violent at 300°, as stated by Saunders (loc. cit.); (iii) over the 
range 240—290° the main products of decomposition are nitrous 
oxide and water : nitrogen also is formed, the ratio N,/N,O remain- 
ing almost constant. 

Effect of Pressure.—The effect of pressure on the decomposition 
of ammonium nitrate was next studied. The furnace Z was main- 
tained at 240°, and the decomposition was allowed to proceed till 
the pressure of the gas evolved was 10, 16,26 . . . 76cm. of mercury. 
The composition of the evolved gas and of the residual mass is 
given in Table II. Fig. 3 represents the curve obtained by plotting 
the volume of nitrous oxide against pressure. 





TABLE II. 
; Gas evolved, c.c. Residue, g. 

Pressure, Time, —"_,7 = A - 
em. Hg. mins, N;. N,0. NH; . HNO;. Free HNO. 

10 14 0-6 4-3 — --- — 

16 23 0-6 7:3 — ne — 

26 37 0-6 11-9 0-183 0-744 0-0657 

36 51 0-6 16-8 0-176 0-714 0-0620 

46 65 0:7 22-0 — - — 

56 80 0-8 27-5 0-175 0-709 0-0606 

66 94 1-0 31-9 0-175 0-694 0-0456 

76 108 1-2 36°6 0-169 0-663 00367 


These results show that (i) ammonia escapes before the decom- 
position (other than dissociation) starts, and free nitric acid accumu- 
lates in the residue; (ii) the amount of nitrous oxide is directly 
proportional to the pressure: in unit time the amount produced 
is not greater at a low than at a high pressure; (iii) the ratio N,/N,O 
tends to be high at a low pressure. 

Effect of Mass.—From the foregoing experiments it would appear 
that the three main reactions involved in the decomposition of 
ammonium nitrate are (a) dissociation into ammonia and nitric 
acid; (6) production of nitrogen; (c) decomposition into nitrous 
oxide and water. Since a low pressure should favour reaction 
(a) and the vaporisation of the products, and is found to favour 
the production of nitrogen, it is probable that the last arises by the 
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interaction of the ammonia and nitric acid in the gaseous state. 
The formation of nitrous oxide, on the other hand, may be due to 
the decomposition of ammonium nitrate either in the gaseous or 
ini the liquid state. The decomposition was therefore studied of 
different amounts of ammonium nitrate at 240°; in all cases it 
was stopped after 45 minutes, the gaseous products and the residue 
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being analysed. The results are given in Table III, and the com- 
position of the evolved gas is shown in Fig. 4. 





Taste ITT. 
Residue, g. 

NH,NO,, Gas evolved, c.c. Z -— ~ 
g. - N,0. NH,. HNO;. Free HNO,. 
0-6 0-6 8-4 0-0882 0-3444 0-0176 
1-0 0-6 153 0-1776 0-7213 0-0630 
1-5 0-9 20-8 . 0-2694 1-1307 0-1321 
2-0 1-0 27-2 0-3633 1-4987 0-1527 *®© 
2-5 l-l 31-9 0-4570 1-8704 0-1774 
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These results show that (i) ammonia is evolved; (ii) the free 
nitric acid accumulating in the residue increases as the amount 
of ammonium nitrate increases; (iii) nitrogen is produced, its 
proportion being greater when the pressure is low and when the 
amount of ammonium nitrate is small: since a low pressure favours 
the dissociation and a small amount of ammonium nitrate favours 
the production of nitric acid as vapour, it seems that the nitrogen 
is formed by the interaction 
of ammonia and nitric acid in 
the gaseous phase; (iv) apart 
from water, the principal pro- 
duct in the decomposition of 
ammonium nitrate is nitrous 3 
oxide, the ratio of the two 
being constant, so it appears 
that the nitrous oxide is 
formed by the decomposition 
of ammonium nitrate, not in 
the gaseous, but in the liquid 
phase. 


Fic. 4. 
35 


i) 
or 


OandN,, c.c. 
bo 
So 


Influence of Foreign Sub- 7 
stances.—Saunders (loc. cit.) 3,5 
studied the effect of small 3 
quantities of commonly occur- g 
ring impurities in ammonium & 
nitrate, and noted that ©& 10 


chlorides have a marked effect 
on its rate of decomposition, 
sulphates and nitrates being 
without any characteristic 
action. 

With a view to test the 
validity of the conclusions (iii) 
and (iv) above, the influence 
of (1) thoria, (2) anhydrous sodium sulphate, (3) anhydrous 
arsenic acid, and (4) anhydrous copper sulphate was investigated. 
The last three were obtained from Merck, and the first from 
Kahlbaum. Before use, these substances were left in the desiccator 
over phosphoric oxide for one year. Experiments were conducted 
with 1-0 g. of ammonium nitrate in absence and in presence of 
0-1 g. of each of these substances, and also with 0-5 g. of (1); 
(2), and (4). The apparatus and procedure were practically the 
same as described above: the reaction was allowed to proceed 
at various temperatures for 20 minutes, and the evolved gas and the 

BB2 


or 


N, 
0 O58 10 15 20 25 3:0 
Mass of NH,NO,, 9. 
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residue were analysed. In experiments with arsenic acid and 
copper sulphate, however, the manometric connexion M was ex- 
cluded by closing the tap », because in preliminary experiments it 
was noticed that the mercury in the manometer was attacked by 
nitrogen peroxide, nitrous anhydride being evolved. The results 
of gas analysis are given in Table IV. The general nature of the 
residue is shown by the results at 250° (Table V). 











Tasiz IV. 
Decomposition of 1-0 g. of ammonium nitrate in presence of other 
substances. 
ThO,. 
(Alone). As,O, (0-1 g.). aime ~ OS g. 
Ny N 29, N 2» Ny, N 29, N ® 2 N, 29, N 2 Ny N,0, Ny 
Temp. c.c. C.C. % c.c. c.c. %. c.c. c.c. %. C.6, 0.c. %. 
ee ee a ee ss = / = | = 
230 O04 47 78 #O8 130 44 O85 40 Ib Ll 57 162 
20 OF 74 88 trae 226 — 06 69 80 O08 103 7:2 
250 O08 137 55 O08 418 19 trace 1250 — 06 201 29 
260 11 292 86 15° 639% 23° O06 271 21 O8 470 41-7 
270 10 #475 21 — =| a ‘Cp ie ge? Sa Moe 
Na,SO,. CuSO, 

0-1 g. 0-5 g 0-1 g. 05 g. * 
seo —- = = -— =, = 86 6 — = oom 
mw o—-— = = — mi =— 18 8 BT SF 16. 
230 trae 52 — 06 63 87 27 98 216 84 124 21-5 
20 «#404 (4d %S4 O08 128 5S 29 4176 %I4l 55 297 156 
250 trae 202 — 10 3837 29 28 290 88 75 763 89 
260 10 440 22 Decomposition -— = — — == — 
270 12 693 1-7 very rapid eT es ee maT ee ays pe 


Remarks.—As,0,. No NH, evolved; much free HNO, present; NO, and NO also evolved.t 
ThO,. NH, evolved in quantity; free HNO, absent from residue. 
N lee evolved; free O, in residue, 
CuSO, NH, evolved; much free HNO, present; NO, and NO also evolved, but less 
than with As,O,.t 
* This experiment was checked after 10 minutes, and the results of gas analysis are doubled. 
+ Oxygen was tested for and found to be absent in all these experiments. 





TABLE V. 
Residue, g. 

Experiments - 

with 0-1 g. of NH;. HNO,;. Free HNO,. Remarks. 
(Alone) ......:605+- 01681 06749 0-0521 
ree 0-1621 0-5980 a Free acid absent, 
Na SO,  .vecccdsvdes 0-1780 0-6988 0-0394 Free acid decreases. 
BBD eg cvcsscccesceees 0-1468 0-6203 0-0751 Free acid increases. 
Gale padesesoeacheoe 0-1537. 06680 00990 4 »  » 


The four substances used in admixture were selected because 
it was thought that the reactions, viz., (a) dissociation, (b) pro- 
duction of nitrogen owing to oxidation of ammonia by nitric acid 
in the gaseous phase, and (c) formation of nitrous oxide by the 
decomposition of liquid ammonium nitrate, would be affected in 
the following manner. Thoria, being basic, was expected to in- 
crease the concentration of ammonia and diminish that of nitric 
acid, thereby inhibiting reaction (6). Sodium sulphate would tend 
to retard (a) and hence diminish (b). Arsenic acid would decrease 
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the concentration of ammonia and increase that of nitric acid, thus 
retarding (6). Copper sulphate would affect (a) and (b) in the same 
way as sodium sulphate. Further, it was expected that, once the 
hydrate. is formed, it would show the behaviour (i) of a feeble acid 
and (ii) of complex formation with ammonia; (i) would lead to an 
increase in the concentration of nitric acid, and (ii) would lead to an 
increase or a decrease in the concentration of ammonia according 
to the stability of the complex formed. 

Moreover, the presence of any of these substances in liquid 
ammonium nitrate would tend to accelerate reaction (c). 

The results in Tables IV and V show that these expectations are 
fulfilled. In addition, it is seen that (i) some nitrogen peroxide or 
trioxide is evolved in experiments with arsenic acid and copper 
sulphate, its amount being greater in the former case; (ii) in all 
the experiments, nitrous oxide is the principal product of the decom- 
position and its production is accelerated by all the added sub- 
stances; (iii) the ratio N,/N,O is the same for experiments with 
0-1 g. as for 0-5 g. of copper sulphate; with thoria and sodium 
sulphate, the quantity added affects this ratio. 


Discussion of Results. 

The indication of all observations recorded above on the mechanism 
of decomposition of ammonium nitrate is that it first dissociates 
according to equation (1). Some ammonia always escapes initially 
owing to its higher rate of diffusion, leaving free nitric acid which 
is invariably found in the residual mass. The amount of ammonia 
evolved increases, and that of nitric acid formed decreases, when 
a basic substance is present, and vice versa when an acid substance 
is used. 

That ammonia and nitric acid react in the gaseous state producing 
nitrogen according to Saunders’s equation (8) is shown by the facts 
that the proportion of nitrogen evolved is (1) increased by use of 
low pressure or small quantities, and is (2) diminished when (a) 
dissociation is retarded by the presence of a neutral anhydrous 
substance (sodium sulphate), (6) the concentration of ammonia 
is increased and that of nitric acid simultaneously diminished by 
addition of a basic substance (thoria), and (c) the concentrations 
are altered in the opposite sense by addition of an acid substance 
(arsenic acid). The amount of nitrogen evolved in the copper 
sulphate experiments is greater than that produced in other 
experiments for the reasons adumbrated above. 

The oxidation of ammonia by nitric acid according to (8) evidently 
adds to the content of the free nitric acid in the residual mass. 
When this concentration is fairly high, as in experiments with 
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arsenic acid and copper sulphate, nitric oxide and nitrogen peroxide 
are evolved. The formation of these oxides, in absence of oxygen, 
shows that the formation of nitrogen, represented by a direct 
reaction in (8), is more likely to proceed in stages, the sum of which 
is identical with (8) : 

NH, + 3HNO, = (N,0, + 3H,0O) = 4HNO,+ H,O . (10) 

4NH, + 4HNO, = (4NH,NO,) =4N,+8H,O . . (Il) 

The reaction (10), and hence (11), is inhibited by the fall in con- 
centration of nitric acid, e.g., in experiments with thoria, and both 
reactions (the latter in particular) are affected by the fall in con- 
centration of ammonia, ¢.g.,in experiments with arsenic acid. This 
also explains the formation of nitrous acid, which is detected in the 
residue in experiments above 270°. 

The principal product of the decomposition of ammonium nitrate 
in all these experiments is nitrous oxide (along with water). The 
facts that the proportion of nitrous oxide produced in unit time 
is not greater at low than at high pressures, that it increases as the 
mass of ammonium nitrate is increased, and that its production is 
accelerated in presence of foreign substances show that molten 
ammonium nitrate is likely to undergo decomposition according 
to equation (2). Such an evolution of nitrous oxide is in agree- 
ment with what might be expected from Divers’s “ oxylic” con- 

\" 
stitution HN>O of ammonium nitrate (J., 1885, 47, 232). 

In view of the effect of heat on the nitrates of alkali metals, one 
might expect ammonium nitrate to decompose first into ammonium 
nitrite and oxygen, the former yielding nitrogen and water vapour. 
That this does not occur is shown by the absence of oxygen from 
the evolved gases, and of ammonium nitrite from the residue in 
experiments below 270°. The other possibility, that nitrogen may 
be evolved by the thermal decomposition of nitrous oxide produced 
in the experiment, is also untenable because this occurs only above 
500° in absence of catalysts and above 280° in their presence (Shah, 
J., 1929, 2678). 


We are indebted to Dr. A. N. Meldrum for permitting us to carry 
out part of this work at the Royal Institute of Science, Bombay, 
and for supplies of liquid air. Our thanks are due to Professor D. 
D. Kanga for facilities and encouragement. Grateful acknowledg- 
ment is made to the University of Bombay for a grant to one of 
us (M.S. S.). 

THe MADHAVLAL RANCHHODLAL ScrENCE INSTITUTE, 


GusaRat COLLEGE, AHMEDABAD, INDIA. 
[Received, September 28th, 1931.] 
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92. Higher Aliphatic Compounds. Part II. The 
Systems Hexadecyl Iodide—-Octadecyl Iodide and 
Hexadecane—Octadecane. 


By JoHN CHARLES SMITH. 


THE frequent use of cetyl (hexadecyl) iodide both in synthetic 
work and in measurements of reactivity renders desirable an ex- 
haustive purification of the substance, and also a knowledge of the 
effect of octadecyl iodide on the melting point. 

It soon became evident that the discordant values of the freezing 
point recorded in the literature (Delcourt, Bull. Soc. chim. Belg., 
1931, 40, 284, gave 21-15°; Phillips and Mumford, J., 1931, 1735, 
gave 22-5°) were due, not to a real depression of the freezing point, 
but to a diminution of the rate of crystallisation by small amounts 
of impurity. This large effect on the rate of crystallisation appears 
to be connected with a tendency to crystallise in a second form, 
for although Phillips and Mumford (loc. cit.) did not obtain evidence 
of polymorphism from the cooling curves of the purified iodide, the 
binary system shows that some change takes piace in the crystals 
soon after formation. 

A second feature of the binary system is the formation of an 
equimolecular compound of the two iodides (non-congruent melting 
point). Molecular combination between alkyl halides, although 
not hitherto recorded, might have been predicted, since other long- 
chain compounds with reactive end groups tend to combine. Morgan 
and Bowen (J. Soc. Chem. Ind., 1924, 43, 3467) and Bhatt and 
Watson (J. Indian Inst. Sci., 1930, 13, A, 141) have shown that 
higher fatty acids form molecular compounds, and the X-ray 
analysis of films (Miiller, J., 1923, 123, 2042; Miiller and Shearer, 
ibid., p. 3162) shows that these acids crystallise in double molecules 
with the carboxyl groups adjacent. The methyl (but not ethyl) 
ketones (Saville and Shearer, J., 1925, 127, 593), the methy] esters, 
and the alkyl iodides (Malkin, J., 1931, 2796; compare Nature, 
1931, 127, 928) also show this tendency to unite end to end. 

The system hexadecane—octadecane is one of solid solutions 
(Type III; Roozeboom, Z. physikal. Chem., 1899, 30, 385) com- 
plicated by polymorphism of both substances. Miiller and Saville 
(J., 1925, 127, 602) noticed that different spacings were given by 
octadecane at different temperatures, but observed only one spacing 
for hexadecane. Phillips and Mumford (loc. cit.) found no evidence 
of polymorphism in pure hexadecane, but it is now shown that 
about 5% of octadecane is required to stabilise the metastable 
(transparent) form. In Part I (J., 1931, 803) it was shown that 
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the metastable form of ethyl palmitate was stabilised by the presence 
of ethyl] stearate. 
EXPERIMENTAL. 

Cetyl Iodide.—Cety] alcohol (f. p. 49-27°) (12-7 g.), red phosphorus 
(0-7 g.), and pure iodine (10 g.) were heated for 2 hours at 150°. 
The reaction mixture was extracted three times with ether (filter- 
ing), and the ethereal solution washed with water, sodium hydroxide 
solution, and water, and dried over anhydrous sodium sulphate. 
After removal of the ether the iodide distilled at approximately 
150°/1 mm. (yield, 16-6 g.; 90%. F. p. 22-95°, m. p. 23-05%). 
Twice recrystallised from ether-methyl alcohol, it froze at 23-28°; 
m. p. 23-33° (m. p. in capillary tube 23-5—24°) (yield, 7 g.), un- 
changed by further crystallisation (yield, 2-5 g.) (Found: I, 36-0. 
Cale.: I, 360%). Krafft (Ber., 1886, 19, 2219) gives m. p. 23°; 
Phillips and Mumford (loc. cit.) give f. p. 22-5°; Delcourt (loc. cit.) 
found f. p. 21:15°. Another specimen (yield, 95°) was recrystallised 
from acetone to constant f. p. 23-28°; m. p. 23-33°. Cetyl iodide 
is very soluble in most solvents, sparingly soluble in even hot methyl 
alcohol, and easily soluble in n-propyl alcohol. Either in the solid 
state or in solution this iodide is quite stable to light. 

Octadecyl Iodide.—Octadecy] alcohol (f. p. 57-95°, m. p. 58-00°) 
(9 g.), red phosphorus (0-5 g.), and pure iodine (6 g.), heated for 
1 hour at 170°, gave 11-4 g. (94% yield) of distilled iodide, f. p. 
32-5°. Twice recrystallised from ether-methy] alcohol, it had f. p. 
32-90°, m. p. 32°94° (yield, 9-4 g.), and then twice from acetone, 
it had f. p. 32-91°, m. p. 32-94° (yield, 7 g.) (Found : I, 33-4. Cale. : 
I, 33-4%). A second preparation made from slightly impure 
octadecyl alcohol (f. p. 57-87°, m. p. 57-95°) gave an 85% yield of 
distilled iodide, f. p.31-9°. After recrystallisation from the mother- 
liquors of the first preparation the new specimen had f. p. 32-92°, 
m. p. 32-94° (m. p. in a capillary tube 33-5°). Levene, West, and 
van der Scheer (J. Biol. Chem., 1914, 20, 521) give m. p. 34° (rapid 
heating). Octadecyl iodide is much less soluble at the ordinary 
temperature than is cetyl iodide. 

Mixtures of Cetyl Iodide and Octadecyl Iodide.—Except near the 
extreme compositions the mixtures crystallise slowly and concordant 
values of the freezing points are difficult to obtain. The melting 
points (temperatures at which the last fine crystals dissolve on 
slow heating) are quite definite, except in the region 10—22% of 
octadecyl iodide. In this indefinite portion supercooling of 2—3° 
is necessary to cause crystallisation; moreover, if the mixture is 
heated immediately after solid has separated, low m. p.’s are ob- 
tained, If, on the other hand, the heating is slow or if complete 
solidification is allowed before heating, higher m. p.’s are shown. 
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The crystals, which at first are almost transparent, rapidly become 
opaque. In the table individual values of the temperatures are given 
for the indefinite portion. Heating- and cooling-curves fail to give a 
definite eutectic temperature, a slow change from 18-8° to 19-4° and 
vice versa being observed; this and the absence of a eutectic halt 
at 20-1° are regarded as due to polymorphism of cetyl iodide. 


Octadecy] iodide, 
mols. %. M. p. Lower arrest. 
0-0 23-33° —_— 
1-85 23-05 —_ 
3-0 22-80 — 
3-9 22-72 — 
6°7 22-30 — 
7°95 22-15 — 
10-6 21-45 _ 
11-5 21-42 18-8—19-4° 
14-25 20°45; 20-95; 21-2 18-8—19-4 
16-9 19-8; 20-1; 20-8; 20-9 18-7—19-3 
19-0 19-45; 20-4; 20-6 18-9—19-4 
21-8 20-10 18-8—19+4 
26-75 21-00 oo 
33-24 21-73 18°7—19-3 
37°33 22-15 _ 
40-4 22-30 18-8—19-4 
43-2 22-45 19-2—19-4 
45°55 23-45 22-3 
49-6 24-43 22-5 
58-05 26-25 22-4 
66°24 27-95 22-4 
73-4 29-20 — 
85-0 31-00 22-3 
95-0 32-4 22-4 
100 32°94 ; — 
Temperature differences, 4, between m., p. and f. p. 
Cety] iodide, mols. % ..-.+.ee+eeeereeee 100 98-1 96-1 
cocceddbbeacecddbocssdecccadcbtuccsvedibedse’ 0-06° 0-4° 0-7° 
Octadecy] iodide, mols. % ....++.++0++ 100 95-0 85-0 
0-03° 0-3° 0-65° 


PT ee PUP OCSOSOC Cee a 


Hexadecane and Octadecane.—These paraffins were prepared by 
the hydrogenation of hexadecene (cetene) and octadecene obtained 
by the distillation of spermaceti (Krafft, Ber., 1883, 16, 3022; 
Gault and Hessel, Ann. Chim., 1924, 2, 319; Waterman, van ’t 
Spijker, and van Westen, Rec. trav. chim., 1929, 48, 1109). The 
semi-solid mixture of olefins and acids (from spermaceti distilled 
at 200 mm.) was dissolved (100 g. lots) in 3 volumes of n-propyl 
alcohol, and palladised barium sulphate added. Hydrogen (3-9 
litres) was rapidly absorbed, corresponding to 39 g. of cetene. 
After filtration of the mixture and removal of the solvent, the 
residue was fractionated at 0-1 mm. through a 60 cm. column of 
glass rings. The fractions of b. p. 105—110° (m. p. 10—13°) con- 
tained most of the hexadecane, and those boiling between 120— 
130° (m. p. 9—14°) most of the octadecane. These, redistilled, 
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melted at 13-5° and 12° respectively. To remove acids it is not 
necessary to use alkali. The hexadecane fraction, twice extracted 
with hot methyl alcohol, melted at 15°, and was then crystallised 
four times from n-propyl alcohol containing a little methyl alcohol 
(m. p. raised to 18-03°; f. p. 18-00°). Twice recrystallised from 
the same solvent, it had m. p. 18-08°, f. p. 18-05°, and twice from 
acetone—benzene, 18-12° and 18-10° respectively (m. p. in a capillary 
tube 18—19°). Two further crystallisations from acetone—benzene 
did not change these values (Phillips and Mumford, loc. cit., give 
f. p. 17-6°). By extrapolation (see Fig. 2) the m. p. of the metastable 
form is 16-2°. 
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Octadecyl iodide, mols. %. 

The much smaller octadecane fraction, m. p. 12°, after two 
extractions with hot methyl alcohol melted at 24-6°. Recrystallised 
six times from propyl alcohol-methyl] alcohol, it melted at 27-75° 
(f. p. 27-68°); then, after four crystallisations from benzene-acetone, 
it had constant m. p. 27-90° and f. p. 27-82° (m. p. in a capillary 
tube 28—28-5°; Miiller and Saville, J., 1925, 127, 600, give 28°). 
The metastable form melts at 27-3° (by extrapolation; see Fig. 2). 
Both octadecane and hexadecane are readily soluble in hot n- 
propyl alcohol and less soluble in hot absolute ethy] alcohol. 

Mixtures of Hexadecane and Octadecane.—Although pure hexa- 
decane does not supercool readily, a mixture containing 1% of 
octadecane can easily be supercooled 1°. Large transparent 
crystals then appear and rapidly become opaque, the temperature 
rising immediately. A mixture containing 2 mols. °, of octadecane 
cools to 16-14°, and the temperature remains constant while the 
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transparent form separates. These crystals can be kept for several 
minutes, but when pressed with the thermometer they immediately 
become opaque, the temperature rising 1-2°. In a mixture con- 
taining 5-3 mols. % of octadecane the transparent form can be 
kept for several hours and the m. p. (16-11°) is the minimum for 
the system. From mixtures of increasing content of octadecane 
the transparent form continues to separate, giving sharp m. p.’s and 
f. p.’s (compare the system ethyl palmitate-ethyl stearate; Part I, 
loc. cit.). Above 92% of octadecane, crystals separate in transparent 
curving clusters, becoming opaque on stirring. A larger difference 
is shown between the f. p. and m. p., 0-4° and 0-2° at 95% and 97% 
respectively. Apparently the metastable form of octadecane (m. p. 
27-3° by extrapolation) cannot exist near 27° unless more than 8% 
of hexadecane is present. 
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Octadecane, mols. %. 

The solidus points (approximate only) are the means of the 
temperatures of complete solidification after slow cooling (40 mins.) 
with constant stirring, and the temperatures at which liquid appears 
on slow heating. 


Octadecane, Octadecane, 
mols.%. M.p. F.p. Solidus. mols.%. M.p. F.p. Solidus. 
0-0 18-12° 18-10° — 47-74 20-40° 20-40° _ 
1-0 17-90 17-80 — 58-8 21-92 21-90 19-1° 
2-0 17-6 17°45 —_ 70-1 23-44 23-41 20-1 
(16-15) (16-13) 82-45 24-97 24-95 22°3 
5:3 16-11 16-10 16-1° 91-5 26-17 26-15 —_ 
11-25 16-30 16-30 16-2 94-7 27-20 26-80 25°7 
16-45 16-68 16-68 16°3 97-3 27-58 27-40 — 
22°8 17-35 17-32 16-5 98-05 27-65 27-50 —_ 
29-4 18-12 18-10 16-7 100 27-90 27-82 — 


37°75 19-13 19-12 16-9 


Tae Dyson Perrins LABORATORY, 
OxrFoRD UNIVERSITY. [ Received, February 17th, 1932. 
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93. The Orienting Power of the Nitroso-group. 


By Dauzre, Lu. Hamuick, Ranpat G. A. New, and Lesue E. 
SuTTon. 


Ir has been shown by Ingold (J., 1925, 127, 513) that the nitration 
and the bromination of nitrosobenzene in carbon disulphide give 
para-substituted products. Hammick and Illingworth (J., 1930, 
2358) have found that nitrosobenzene is partially associated in 
carbon disulphide but that it is unimolecular in acetic acid, and that 
bromination to give bromonitrosobenzene does not take place in the 
latter solvent. Le Févre has shown that in benzene solution the 
action of bromine gives p-bromonitrosobenzene (J., 1931, 810) and 
it has been found (Hammick, J., 1931, 3105) that nitrosobenzene is 
apparently associated to a small extent in that solvent. In the 
light of these facts, it has been suggested (Hammick and Illingworth, 
loc. cit.) that the -N—O group in the simple nitrosobenzene is 
meta-directing, para-substitution taking place only when the 
bimolecular form is present in solution. In support of this view 
attention has been drawn to the reactivity of the bromine atoms in 
o- and p-bromonitrosobenzene. 

It has been shown by one of us (L. E. S.) that when the dipole 
moments of monosubstituted benzene derivatives are compared 
with those of the corresponding tertiary alkyl derivatives (Proc. Roy. 
Soc., 1931, A, 133, 668) differences are found that appear to corre- 
spond to the electron shift in or out of the benzene nucleus postulated 
by Lapworth and by Robinson and called by them the electromeric 
effect (Lapworth, J., 1922, 121, 416; Kermack and Robinson, ibid., 
p. 427; Allan, Oxford, Robinson, and Smith, J., 1926, 401). Com- 
parison was made for thirteen substituent atoms and groups, and in 
every case agreement was found with the requirements of the 
Lapworth-Robinson orientation theory. Thus in all cases where 
the substituent is ortho-para-orienting, where that theory would 
require an inward electronic drift (+ 7') the existence of such an 
effect has been demonstrated. Similarly, a connexion between 
meta-orientation and a negative, outward electromeric effect has 
been equally clearly made out. It is thus reasonable to expect that, 
if the nitroso-group is really meta-directing, an outward or negative 
electronic shift (— 7’) should be demonstrable. We have therefore 
measured the electric dipole moments of nitrosobenzene, p-chloro- 
nitrosobenzene, and 2-nitroso-2 : 5-dimethylhexane. 


EXPERIMENTAL. 
Preparation and Purification of Materials.—Nitrosobenzene. This 
was made from nitrobenzene prepared from specially purified 
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benzene; it was steam-distilled, crystallised three times from 
alcohol, and dried in a vacuum. Decomposition of nitrosobenzene 
at its me]ting point appears to be morerapid than is usually supposed, 
so the melting point is not a satisfactory criterion of purity. With 
rapid heating, it melts at 68—69°. Numerous attempts at further 
purification yielded products with this melting point. Recrystal- 
lisation, as far as possible out of contact with the air, did not affect 
the melting point, although Jaeger (K. Akad. Wetensch. Amsterdam, 
1912, 14, 731) claims that it is raised by this treatment. 

p-Chloronitrosobenzene. Recrystallised p-chloronitrobenzene was 
reduced with zinc dust in boiling aqueous alcohol, in presence of 
ammonium chloride. The hydroxylamine solution was oxidised 
with the theoretical quantity of ferric chloride at 0°, and the solid 
separating was steam-distilled in portions of 2 g.; yield, 27% of the 
theoretical (see Ham, Dissert., Zurich, 1904, 29). It was recrystal- 
lised three times from alcohol and used for measurement; the m. p. 
with fairly rapid heating was 88—89° (Ham, 89-5°). 

2-Nitroso-2 : 5-dimethylhexane. isoButyl alcohol was fractionated 
and converted into the iodide; this was made into ditsobutyl by the 
Wiirtz reaction, and the hydrocarbon nitrated by Konovalov’s 
method (Ber., 1895, 28, 1853). The nitration: was carried out as 
follows : 4 g. of diisobutyl were heated in a sealed tube for 2 hours 
at 110—115° with 40 c.c. of nitric acid (d 1-15). The non-aqueous 
layer was separated, washed well with alkali to remove primary and 
secondary nitro-compounds, then with water, dried, and distilled up 
to 150°; the distillate was renitrated in the same way, together with 
fresh hydrocarbon. The united products boiling above 150° from 
18 tubes were distilled in a vacuum, the middlefraction being retained. 
The nitro-compound was reduced with aluminium amalgam, and the 
hydroxylamine solution oxidised with dichromate to the nitroso- 
compound (Piloty and Ruff, Ber., 1898, 31,457). To ensure that as 
little reduction to amine as possible should take place, portions of the 
solution were titrated with dichromate during the course of the 
reaction ; the reaction was stopped when the titre indicated approach . 
to complete reduction to hydroxylamine. The nitroso-compound 
was steam-distilled and recrystallised from dilute alcohol; m. p. 
53—54° (Piloty and Ruff, 54°). 

Measurement of Electric Dipole Moments.—These were measured 
in benzene solution at 25° by the method used before (Sutton, 
loc. cit.). : 

The results are tabulated below, where f, is the molar fraction of 
the solute, d%° the density of the solution, e its dielectric constant, 
and n its refractive index (Hg green line, 5461), all at 25°; P, is the 
total polarisation of the solute, and ,P, its electron polarisation. To 
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minimise errors in the densities, the experimental values have been 
plotted against f,, and values used in the calculations have been 
obtained from the mean line; these interpolated values are quoted 
under “‘ d%° ” in the tables. 


Sr 


0-02864 
0-02035 
0-01436 
0-01407 
0-01011 
0-00694 
0-05425 
0-02611 
0-02521 
0-02196 
0-01765 
0-01228 


0-8804 
0-8784 
0-8770 
0-8770 
0-8760 
0-8753 
0-8858 
0-8798 
0-8796 
0-8788 
0-8778 
0-8766 


é. n. 
Nitrosobenzene. 
2-6946 — 
2-5706 — 
2-4826 — 
2-4769 — 
2-4202 — 
2-3743 — 

— 1-5055 
— 1-5038 
— 1-5037 
— 1-5034 
— 1-5033 
— 1:5029 


P.. 


226 
230 


> 


seeee 


2 G9 G9 09 CO 
p tor oe hake 
Go <1 bo co 


un 
tn 
or 


P, at infinite dilution = 237 c.c.; .P, = 32 ¢.c.; P, — .P, = 205 c.c. 


p = 3-14 x 1078 e.s.u. 


(Hassel and Naeshazgen, Z. physikal. Chem., 1930, B, 6, 441, find 


0-02299 
0-02181 
0-01643 
0-01531 
0-01138 
0-01061 
0-00804 
0-02857 
0-02299 
0-02181 
0-01928 
0-01353 


0-8849 
0°8842 
0-8817 
0-8811 
0-8792 
0-8787 
0-8776 
0-8874 
0-8849 
0-8842 
0-8832 
0-8803 


2-3876 
2-3815 
2-3554 
2-3498 
2-3306 
2-3258 
2-3130 


w= 3°22 x 10-* e.8.u.) 


p-Chloronitrosobenzene. 


Plt dd di 
i 


1-5053 
1-5047 
1-5044 
1-5044 
1-5035 


104-0 
104-4 
105-0 
104-8 
105-3 
104-2 
103-4 


Pld dl 


Pl EIddl 


o2 G9 09 O9 
Sos ® 
moor 


wo 
«1 
ie 2) 


P, at infinite dilution = 104-9 c.c.; .P, = 37-6 ¢.c.; P, — -P, = 67:3 c.c. 
= 1:80 x 107'8 e.s.u. 


0-006938 
0-002875 
0-002073 
0-001419 


2-Nitroso-2 : 5-dimethylhexane. 
2-3220 
2-2952 
2-2902 


0-8730 
0-8735 
0°8736 
0-8737 


2-2857 


1-5007 
1-5014 


151°3 
158-6 
165-9 
169-8 


P, at infinite dilution = 173 c.c.; .P, = 41 c.c.; P, — -P2 


p = 2°51 x 10-** e.s.u. 


42 
4] 


= 132 c.c. 


Piloty and Ruff (Ber., 1898, 31, 456) have shown by freezing- 
point determination that the solute in a benzene solution of the last 
compound is bimolecular when the solution is first made up, but that 
it gradually dissociates, equilibrium corresponding to almost com- 
plete dissociation. To make sure that the solute should be present 
in the unimolecular form, the solutions in the present measurements 
were made up and left over-night at room temperature, with pre- 
cautions against evaporation. 
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Discussion of Results. 

From the fact that the moment of p-chloronitrosobenzene (1-80 x 
10-18 e.s.u.) is nearer the difference than the sum of the moments of 
nitrosobenzene and chlorobenzene (3-14 and 1-56 x 10-18 e.s.u., 
respectively) it follows that the moment of the nitroso-group is 
negative in sense (Sutton, loc. cit., pp. 678, 684; previous references 
are there given). Moreover, since the moment of nitrosobenzene is 
numerically greater than that of 2-nitroso-2 : 5-dimethylhexane, it is 
clear that the nitroso-group causes a negative electromeric effect 
when introduced into the benzene ring, i.e., that of the two possible 
systems discussed by Robinson (Chem. and Ind., 1925, 44, 456) only 
the crotonoid system is set up to an appreciable extent :— 


LAN 
ore Dam: 


The actual value of the moment due to the electromeric effect is 
not equal to the numerical difference of these two moments, since 
the group is unsymmetrical about the valency joining it to the 
benzene ring, and any* attempt to calculate it involves a knowledge 
not merely of the magnitudes of the moments but also of their 
directions, i.e., the angles which they make with the C-N link (Sutton, 
loc. cit., pp. 690—694). Though this can be calculated for the aryl 
derivative, from the moments of nitrosobenzene, chlorobenzene, and 
p-chloronitrosobenzene, to be 157-7° (see Fig. 3), it can only be 
calculated for the aliphatic derivative if the moments of the CH, 
group and the C-N link, and the angle between the latter and the 
N—O link are known. The vector sum of the CH; and C-N moments 
in this case may be taken as approximately equal to that which may 
be calculated from the moment of methylamine (1-23 x 10“ e.s.u.) 
by allowing for the moment of the NH, group from the moment of 
ammonia (1-5 x 10-8 e.s.u., taking the angles in this as equal to the 
tetrahedral angle, 109-5°) and solving the vector triangle for the 
minimum angle between the C-N link and the plane containing the 
N-H valencies which can give a real value (135°; see Fig. 1). 

This gives a value of 1-2 x 10-8 e.s.u. for the moment of the 
H,C-N-group. The angle required may be taken as that between 
one of the axes of three-fold symmetry of a regular tetrahedron and a 
plane containing two of the others, viz., 125° 16’. From these data 
the value found for the angle between the moment of the tertiary 
alkyl nitroso-compound and the C-N link is 148° (see Fig. 2). The 
moment due to the electromeric effect (m,) is then found to be 
— 08 x 10-8 es.u. (see Fig. 3). In view of the assumptions 
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involved in obtaining some of the data for the final calculation, this 
value can only be regarded as approximate, but i+ shows that the 
simple numerical difference of the aromatic and the aliphatic 
moments of — 0-64 x 10-8 e.s.u. is a minimum probable value. 
The electromeric effect is therefore roughly the same as that found 
previously for the nitro- and aldehydo-groups (Sutton, loc. cit.) and 
in view of this and of the negative induced effect (— J) set up by the 
negative moment, the nitroso-group will be meta-directing. This 
is in agreement with the observations of Hammick and Illingworth 
and of Le Févre referred to in the introduction. 














Phct (156) 
Fia. 3. 


(For a note on the diagrammatic representation of dipoles, see Hammick, 
New, Sidgwick, and Sutton, J., 1930, 1880.) 


It is to be inferred, therefore, that the ortho-para-substitution 
occurs only in the bimolecular polymeride, and it remains to find a 
structure for it which can explain this. That the type of polymeride 
formed by these nitroso-compounds is a definite chemical compound 
and not solely a dipole complex (see Debye, ‘“‘ Handbuch der Radio- 
logie,’’ Marx, Leipzig, 1925, p. 636; Smyth, ‘‘ Dielectric Constant 
and Molecular Structure,’’ New York, 1931, p. 169) is shown by the 
facts that tert.-nitrosobutane (Bamberger and Seligmann, Ber., 
1903, 36, 690) and 2-nitroso-2 : 5-dimethylhexane (Piloty and Ruff, 
loc, cit.), when freshly dissolved in benzene, are nearly bimolecular, 
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but that the molecular weights slowly fall (showing that a critical 
increment or heat of activation is necessary for the dissociation of the 
polymeride) almost to those of the unimolecular forts, this being 
accompanied by a marked colour change. Moreover, Ingold and 
Piggott (J., 1924, 125, 168) showed, by colorimetric determinations 
of the variation of equilibrium with temperature, that nitroso- 
mesitylene formed a definitely dimeric polymeride. The following 
structures are possible :— 


0 0 0 
Pare eR ea 
(I.) (IL.) (III.) 

(I) and (II) have been discussed in connexion with the mechanism 
of the association process (Hammick, loc. cit.), the suggestion being 
made that all three structures may be in tautomeric equilibrium. 
(III) has been suggested to the authors by Dr. 8. G. P. Plant of this 
Laboratory. Of these structures, (II) could not exert an ortho- 
para-activating effect by induction (+ J) on the phenyl groups 
attached to it, and a positive electromeric effect (+ 7’) is unlikely 
in the light of the known properties of the azoxy-compounds (com- 
pare Angeli, Ahrens Sammlung, 1913, 19, 461). In structure (I), 
on the other hand, ortho-para-activation could obviously occur, the 
unshared electrons on the nitrogen atoms making it possible for a 
crotenoid system to be set up (Robinson, loc. cit.) :— 


K >a 


In structure (III) the nitrogen atom attached to the left hand ring 
can set up a crotenoid system, which will not be opposed by a 
negative inductive effect because the influence of the negative 
N — O moment will be opposed and probably neutralised by the 
positive N—»> N moment, so that in this nucleus strong ortho-para- 
activation should occur. This structure, moreover, has the merit of 
explaining the instability of the bimolecular form, and may be 
considered as less inherently improbable than (I), in which the 
formation of a four-membered ring is postulated. 

Of these structures, (III) is the only one which is unsymmetrical 
and hence could possess a finite dipole moment. It is true that cis- 
and trans-forms of (I) and (II) are possible, and that only the trans- 
forms will be symmetrical. We are, however, proceeding on the 
assumption that the stabler trans-forms will predominate in solution, 
as is found to be the case for the azo-compounds (Bergmann, Engel, 
and Sandor; Ber., 1930, 63, 2572), and propose to measure the 
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apparent dipole moments of highly associated nitroso-compounds 
such as nitrosomesitylene. 
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94. I'he Addition of Bromine to af-Diphenyl-s- 
methyl-A*’-butadiene. 


By Haroip Burton. 


For reasons already explained (J., 1929, 2025), it was necessary to 
prepare butadienoid hydrocarbons of the type CHPh:CPh-CH:CHR 
(I), and to determine the structures of their bromine- and hydrogen- 
addition products. Circumstances have arisen which render 
unlikely a continuation of this work and it is therefore desired to 
place on record the few results so far obtained. 

The synthesis of «$-diphenyl-A*v-butadiene (I, R = H) from 
«-phenylcinnamaldehyde and methylmagnesium iodide gave, under 
all the conditions tried, a product containing much unchanged 
aldehyde. The use of ethylmagnesium iodide, however, led to the 
isolation of «$-diphenyl-8-methyl-A*v-butadiene (I, R = Me) as a 
low-melting solid which readily absorbed oxygen from the atmo- 
sphere either in alcoholic solution or in the solid state. Addition of 
bromine occurs in accordance with theory, that is, exclusively at the 
ys-double bond. It has not been possible to isolate a definite 
product from attempted reductions with sodium and alcohol or with 
sodium amalgam in various media. 


EXPERIMENTAL. 


a-Phenylcinnamaldehyde.—The method of preparation described 
by Meerwein and Dott (J. pr. Chem., 1918, 97, 281) is laborious, and 
the yields recorded by these authors could not be obtained. A more 
convenient procedure is as follows. 20 C.c. of 5% methyl-alcoholic 
sodium methoxide are added gradually, with cooling, to a mixture 
of benzaldehyde (53 g.) and phenylacetaldehyde (60 g.); the mix- 
ture, after being kept over-night, is neutralised with glacial acetic 
acid and fractionated. Redistillation of the fraction, b. p. 150— 
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210°/18 mm., gives 20—32 g. of a straw-coloured oil, b. p. 196—201°/ 
16 mm., which solidifies almost completely on cooling. Crystal- 
lisation of the solid from alcohol gives the aldehyde, m. p. 94—95° 
after softening at 90° (Found: C, 86-4; H, 5-9. Cale.: C, 86-5; 
H, 58%). This product is sufficiently pure for most purposes; it is 
contaminated with a small amount of a higher-melting substance, 
which can be separated by fractional crystallisation from alcohol. 

The phenylhydrazone separates from alcohol in pale yellow 
needles, m. p. 140—141° (Found: C, 84-2; H, 5-9. Cale.: C, 84-6; 
H, 6:0%); Meerwein and Dott (loc. cit.) give m. p. 125—126°. The 
p-nitrophenylhydrazone crystallises from acetic acid in dark red 
needles, m. p. 205—206° (Found: C, 73-1; H, 4:95. C,,H,,0,N, 
requires C, 73-5; H, 4:95%). The semicarbazone separates from 
alcohol in clusters of needles, m. p. 194—195° ; a satisfactory analysis 
was not accomplished (compare Bryant and Clemo, J., 1931, 2080) 
(Found : C, 70-45; H,6-0. C,,H,,ON, requires C, 72-45; H, 5-7%). 

af-Diphenyl-8-methyl-Acv-butadiene (I; R = Me).—A solution of 
a-phenylcinnamaldehyde (20-8 g.) in benzene (125 c.c.) was added 
with stirring to the Grignard reagent prepared by the method of 
Gilman and McCracken (J. Amer. Chem. Soc., 1923, 45, 2463) from 
magnesium (4-8 g.), ethyl iodide (31-2 g.), and ether (100 c.c.). The 
mixture was boiled for 18 hours and then decomposed with ice and 
saturated ammonium chloride solution. The residue from the dried 
ether—benzene extract distilled almost completely at 158—160° /5—6 
mm., and partly crystallised when cooled in ice. The distillate 
(19-5 g.) dissolved almost completely in hot alcohol, giving a faintly 
opalescent solution which, when filtered rapidly and then cooled in 
a freezing mixture, deposited crystalline material; rapid filtration 
of the solid and drying on porous earthenware in a vacuum desiccator 
over sulphuric acid gave 7:5 g. of the hydrocarbon, m. p. 48—49° 
(Found : C, 92-6; H, 7-45. C,,H,, requires C, 92-7; H, 7-3%). 

If, during the above crystallisation process, the operations are not 
carried out rapidly, the hot alcoholic solution rapidly becomes 
turbid and an oil separates. This solidifies on cooling and the solid 
contains a smaller proportion of carbon (Found : C, 88-9; H, 7-1%) 
than does the hydrocarbon, showing that oxidation has occurred. 
The hydrocarbon is stable as long as it is kept in a vacuum, but when 
it is kept in dry air, it absorbs oxygen [Found : (after 24 hours) 
C, 89-4; H, 7-25; (after 3 days) C, 86-9; H, 6-9%]. The oxidised 
product has a strong smell of benzaldehyde and is sparingly soluble 
in hot alcohol. 

Addition of Bromine to «8-Diphenyl-8-methyl-A*v-butadiene.—A 
solution of the hydrocarbon (3-4 g.) in cold carbon tetrachloride was 
treated with bromine (2-56 g.) (a slight excess), also dissolved in 
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carbon tetrachloride. Evaporation of the solvent in a vacuum left 
5-8 g. of a viscous oil (Found: C, 53-8; H,4-0. C,,H,,Br, requires 
C, 53-7; H, 4:2%) which showed no tendency to crystallise. A 
solution of the oil in chloroform was treated with ozonised oxygen 
for 36 hours, and the ozonide decomposed with boiling water for 2 
hours; no volatile aldehyde (Schiff’s reagent) was evolved, thus 
demonstrating the non-occurrence of any «$-addition. Subsequent 
oxidation with hydrogen peroxide (20 vol.; 25 c.c.) gave benzoic 
acid in very good yield (90% of the theoretical) as the only acidic 
product, identified by mixed m. p., and a neutral bromine-containing 
oil which could not be induced to crystallise. 


Tue Untverstry, LEeps. [Received, January 15th, 1932.] 





95. LHxperiments on the Synthesis of Polyhydroxylic 
Compounds. 


By Wit1i1AmM CHARLTON and JAMES KENNER. 


Ir has been shown that Piloty and Ruff’s classical synthesis of the 
oxime of dihydroxyacetone is dependent on a general reaction of 
nitroso-compounds (Earl, Ellsworth, Jones, and Kenner, J., 1928, 
2697). It was therefore decided to explore the possibility that the 
reaction might furnish a general method of synthesising «-hydroxy- 
ketones, which might then be applied to the synthesis of poly- 
hydroxylic compounds related to the carbohydrates. The prospect 
was the more attractive since the ultimate product with a normal 
carbon chain would be generated from another containing two 
hydroxymethyl groups attached to the same carbon atom, such as 
occur in apiose (Vongerichten, Ber., 1906, 39, 235; Schmidt, 
Annalen, 1930, 483, 115), and it might ultimately be of importance to 
know the configurational relationships between the two series. 

As a preliminary, 2-nitro-2-hydroxymethylbutan-1 :4-diol (1) was pre- 
pared by condensation of formaldehyde with 3-nitropropan-1-ol, and 
characterised by its triacetyl and crystalline tribenzoyl derivatives : 


2CH,0 + NO,-CH,-CH,*CH,-OH —> (CH,-OH),C(NO,)-CH,CH,-OH 
(L) 


(CH,-OH),C(NH-OH)-CH,-CH,-OH 
(II.) 


CH,(OH)-C(7(NOH)-CH,°CH,-OH <—[(CH,°OH),C(NO)-CH,°CH,-OH] 
(III.) 

Reduction of the hydroxymethyl derivative by Piloty and Ruff’s 

procedure with sodium amalgam yielded a gummy product, with 
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reducing properties. Although it was not found possible to isolate 
the desired hydroxylamine (II), this had evidently been formed, 
since the product obtained after oxidation with mercuric oxide 
readily yielded the osazone (IV) when treated with phenylhydrazine 
acetate. We concluded, therefore, that the oxime (III) had been 
formed in the normal manner. Further, the hydroxymethyl deriv- 
ative (I) in presence of sodium ethoxide yielded the sodium salt of 
3-nitrobutane-1 : 4-diol (V), from which the same osazone (IV) could 
be obtained after treatment with hydrochloric acid either alone or 
in presence of stannous chloride : 


CH,(OH)-C(:NO,Na)-CH,*CH,*OH —> CH,(OH)-CO-CH,CH,-OH 


(V.) tos 
CH,(0H)-C(:NOH)-CH,CH,-OH —> 
(VII.) CH(:N-NHPh)-C(:N-NHPh)-CH,-CH,:OH 
(IV.) 


Again, however, no success attended the attempts to isolate the 
ketone (V1) or its oxime (VII), which these experiments were designed 
to generate. 

The moderate measure of success thus indicated was not main- 
tained when our experiments were extended to the synthesis of more 
highly hydroxylated compounds. Thus, ethoxyacetaldehyde was 
converted into 3-nitro-1-ethoxypropan-2-ol (VIII), but, owing to the 
reversibility of this reaction (compare Jones and Kenner, J., 1930, 
919), the aldehyde was regenerated when the.attempt was made to 
condense the propanol with formaldehyde. The only definite 
product isolated from the reaction was, therefore, “ nitroisobutyl- 
glycerol” (IX), which was obtained in its higher-melting form 
(compare Kleinfeller, Ber., 1929, 62, 1584) : 

EtO-CH,*CHO + MeNO, =— EtO-CH,°CH(OH)-CH,-NO, (vr. 

~*~ NO,*C(CH,°OH), (Ix.) 

Similar results attended experiments with 1-nitropropan-2-ol (X) 
and $-nitrolactic acid (XI) : 

(X.) Me-CH(OH)-CH,-NO, NO,°CH,°CH(OH)-CO,H (Xr.) 

The work of Maas (Rec. trav. chim., 1899, 17, 386; compare 
Wilkendorf and Trenel, Ber., 1924, 57, 306) indicates that the 
reversibility in question is diminished by chlorination of the nitro- 
compound, but we have not pursued this line of attack because 
Schmidt and Ascher] have shown that the process of reduction which 
would ultimately be necessary for our purpose also involves the 
replacement of a hydroxyl group (Ber., 1925, 58, 356), e.g. : 
Me-CH(OH)-CCl(NO,)-CH(OH)Me —> Me:CH(OH)-CO-CH,Me 
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EXPERIMENTAL. 

2-Nitro-2-hydroxymethylbutane-1 : 4-diol.—A solution of 1-nitropro- 
pan-2-ol (Henry, Rec. trav. chim., 1897, 16, 193, 213), b. p. 123—128°/ 
22 mm., in an equal weight of water was treated with the calculated 
amount of sieved paraform, freshly prepared by evaporating form- 
aldehyde solution (compare Descudé, Bull. Soc. chim., 1902, 27, 867). 
A little solid potassium carbonate having been added, reaction set 
in when the mixture was warmed to 30°, and the paraform rapidly 
dissolved. After the resulting solution had been kept for some days 
in a vacuum over concentrated sulphuric acid, the butanediol 
crystallised and was purified, after draining on porous earthenware, 
by recrystallisation from a mixture of chloroform (4 volumes) and 
ethyl acetate (6 volumes). Small prisms, m. p. 59—61°, were thus 
obtained in 50% yield (Found : C, 36-2; H, 6-9; N,8-4. C;H,,0O;N 
requires C, 36-4; H, 6-7; N, 85%). The same product resulted 
when formalin solution was used in place of paraform, but the 
subsequent process of concentration was only successful in small- 
scale experiments. The condensation with paraform was also very 
successful in boiling ethyl acetate solution in presence of a few drops 
of 40°, sodium hydroxide solution. The gummy product remaining, 
after evaporation of the solvent under reduced pressure, readily 
crystallised. 

The tribenzoate resulted when the nitro-compound was heated with 
benzoyl! chloride and quinoline for 24 hours at 100°. It crystallised 
from alcohol in fine needles, m. p. 145—147° (Found: C, 65-7; 
H, 5-3; N, 2-8. C,,H,,0,N requires C, 65-3; H, 4:9; N, 2.9%). 
The triacetate was prepared by boiling the nitro-compound with 
excess of acetic anhydride for 15 minutes. It could not be crystal- 
lised, but boiled at 210°/20 mm. (Found: N, 4-8. ©,,H,,0,N 
requires N, 4-8%). 

2-Nitrobutane-1 : 4-diol—{a) A solution of 2-nitro-2-hydroxy- 
methylbutane-1 : 4-diol (10 g.) in absolute alcohol (30 c.c.) was 
gradually treated with a solution of sodium (1-4 g.) in absolute 
alcohol (35 c.c.). Immediately crystalline salt commenced to 
separate, the liquor was decanted from the gummy material first 
precipitated. By crystallising the latter from methyl alcohol a 
quantity of sodium salt (1-9 g.) (Found: Na, 14-8°) was recovered, 
but the main portion (6 g.) was obtained from the decanted liquors, 
washed with alcohol and ether, and dried in a vacuum over sulphuric 
acid (Found: Na, 14-4. C,H,O,NNa requires Na, 146%). 

The crude syrup obtained in the preparation of the original nitro- 
compound was also submitted to the process just described, and 
with very fair success when the volume of alcohol employed was 
restricted to the minimum. 
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(b) The following process represents a combination of the prepar- 
ation of the nitro-compound with its subsequent decomposition 
(compare Schmidt and Wilkendorf, Ber., 1919, 52, 389): A solution 
of nitropropane (10 g.) in methyl alcohol (10 c.c.) was successively 
treated in a reflux apparatus with paraform (9 g.) and a few drops of 
sodium hydroxide solution (40%). Solution having been achieved 
by warming, the mixture was cooled and treated with a solution of 
sodium (3 g.) in methyl alcohol (40 c.c.). The sodium salt (10 g.) 
was collected and purified as before (Found : Na, 14-7%). 

When a solution of the salt was coupled with benzenediazonium 
chloride (1 mol.), formaldehyde was eliminated, but, as in other cases 
(compare Jones and Kenner, loc. cit.), the resulting w-nitro-«-hydroxy- 
propaldehydephenylhydrazone was only isolated in the solid condition 
by precipitation from its solution in sodium hydroxide solution. 
After crystallisation from methyl alcohol, it melted at 103—104° 
(Found: N, 20-1. C,H,,0,N, requires N, 20-1%). 

2-Chloro-2-nitrobutane-1 : 4-diol was prepared by passing chlorine 
into a suspension of the sodium salt (4-5 g.) in absolute ether (25 c.c.) 
until the colour of the solution indicated the presence of free chlorine. 
The solid, remaining after evaporation of the ethereal solution under 
reduced pressure, crystallised from equal volumes of ethyl acetate 
and chloroform in prisms, m. p. 62—66° (Found : N, 8-2. C,H,0,NCl 
requires N, 8-3%). ' 

The free nitrobutanediol could not be obtained in the solid con- 
dition or separated from salicylic acid when the latter was employed 
to decompose the sodium salt (compare Schmidt and Wilkendorf, 
loc. cit.). 

1 : 4-Dihydroxybutan-2-onephenylosazone.—(a) A solution of the 
above sodium salt (8 g.) in water (45 c.c.) was slowly run into hydro- 
chloric acid (d 1:17; 20 c.c.), cooled by a freezing mixture. The 
solution, having been nearly neutralised with sodium carbonate, was 
neutralised with barium carbonate and evaporated under reduced 
pressure. A strongly reducing syrup (4 g.) was isolated by extraction 
with boiling ethyl acetate, but no crystalline semicarbazone, oxime, 
or benzoyl derivative could be prepared from it. However, an 
osazone was prepared as a black oil, and obtained in the solid con- 
dition by treatment with methyl alcohol and ligroin. It melted 
at 93° and did not appreciably depress the melting point of the pure 
material prepared by the following procedure. 

(b) A solution of the sodium salt (22 g.) in water (80 c.c.) was 
gradually added to a cooled agitated solution of stannous chloride 
(35 g.) in hydrochloric acid (d 1:17; 190 c.c.) (compare von Braun 
and Kruber, Ber., 1912, 45, 396). After ? hour, the solution was 
rendered just alkaline with sodium hydroxide solution, and evapor- 
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ated to dryness under reduced pressure. The residue, dried by 
addition of alcohol and removal of this by distillation, yielded a 
strongly reducing syrup (8 g.) when extracted by hot ethyl acetate. 
When this was heated with phenylhydrazine acetate, a dark red oily 
osazone was obtained which crystallised from its solution in benzene. 
By washing with aqueous methy] alcohol and light petroleum, and 
crystallisation from ether-light petroleum, minute yellow needles 
were obtained, m. p. 99—101° (Found: C, 68-1; H, 6-6; N, 20-0. 
C,,H,,ON, requires C, 68-1; H, 6-4; N, 19-9%). 

(c) Reduction of the hydroxymethyl compound (compare Piloty and 
Ruff, Ber., 1897, 30, 1656). A solution of 2-nitro-2-hydroxymethyl- 
butane-1 : 4-diol (4 g.) in water (120 c.c.) containing crystallised 
aluminium sulphate (18 g.) was agitated and treated gradually at 0° 
with 24% sodium amalgam. Aluminium hydroxide was filtered off, 
and the filtrate evaporated to dryness under reduced pressure; the 
residue was extracted three times with absolute alcohol (in all, 200 
c.c.) and the combined extracts were evaporated to dryness in a 
vacuum, a little inorganic matter being thereby removed. The 
hydroxylamine derivative was recovered as a clear brownish-yellow 
uncrystallisable gum, with strongly reducing properties. Attempts 
to prepare a crystalline oxalate by using a solution of oxalic acid 
(anhydrous) in absolute ether failed. 

Some of the gum was dissolved in absolute alcohol and heated at 
60° for 2 hours with excess of freshly prepared yellow mercuric oxide. 
This underwent reduction, and the filtered solution was evaporated 
under reduced pressure, the resulting gum being extracted with 
ethyl acetate to remove mercury compounds. The recovered oxime 
could not be crystallised, but readily yielded the osazone on treat- 
ment with phenylhydrazine acetate. The osazone was purified as 
already described: m. p. 95—96°; mixed m. p. with previous 
preparation (98—99°), 95—97°. 

3-Nttro-1-ethoxypropan-2-ol.—Ethoxyacetal (20 g.), b. p. 162— 
166°, was hydrolysed by boiling with water (60 g.) and one drop of 
concentrated sulphuric acid for 10 minutes. The solution, after 
neutralisation with barium carbonate, was treated with nitro- 
methane (7 g.) and potassium carbonate (0-5 g.). After 12 hours, 
the condensation product was isolated by extraction with ether. 
The nitroethoxypropanol (9 g.) boiled at 128°/20 mm. (Found: 
C, 40-2; H, 7-6. C;H,,0,N requires C, 40-2; H,'7-4%). When it 
was treated with formalin solution or with paraform under con- 
ditions similar to those applied to 1-nitropropan-2-ol, nitroisobutyl- 
glycerol, m. p. 167° (identified by comparison with an authentic 
specimen), and the sodium salt of 2-nitropropane-l : 3-diol were 
respectively obtained. The latter was characterised by conversion 
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into 2-chloro-2-nitropropane-1 : 3-diol, m. p. 120—123°, and com- 
parison of this with an authentic specimen (compare Schmidt and 
Wilkendorf, Ber., 1922, 55, 316). 

Acetaldehyde was evolved and detected by Simon’s reaction 
(Compt. rend., 1897, 125, 1105) when 1-nitropropan-2-ol, b. p. 
105°/25 mm. (Henry, Bull. Acad. roy. Belg., 1903, 29, 837) (10-5 g.) 
and formalin solution (50 c.c.) were treated with potassium carbonate 
(0-2 g.) at 20—25°. By concentration at the ordinary temperature 
over phosphoric oxide in a vacuum, nitroisobutylglycerol, m. p. 
155—160°, was obtained; from the liquor a further quantity, m. p. 
168°, was isolated after evaporation under reduced pressure. 

The nitroisobutylglycerol isolated from different experiments 
showed varying melting points, e.g., 153—167° (Found: C, 31-9; 
H,6-3. Calc. for C,H,O;N : C,31-8; H,6-0%); 153—163° (C, 31-8; 
H, 63%); 140—154° (C, 31:8; H, 6.4%), but the analyses demon- 
strated the purity of each sample. As Kleinfeller showed (loc. cit.), 
two modifications, melting respectively at 180° and 157°, exist. In 
our experiments, the melting point never exceeded 174°, and this 
sample after some time melted at 163° (C, 31-8; H, 6-1%). 

The sensitivity of the nitropropanol to formaldehyde was exhibited 
by adding one drop of the latter to a mixture of the nitro-compound 
with Simon’s reagent; the characteristic blue colour immediately 
developed. 

8-Nitrolactic acid (Hill and Black, Amer. Chem. J., 1904, 32, 
231), m. p. 76—78°, was similarly decomposed when treated with 
paraform and potassium carbonate. Glyoxylic acid was detected 
by the red colour developed with indole solution, and by the violet 
tryptophan coloration, whilst nitroisobutylglycerol, m. p. 168—170°, 
was also isolated and identified. Subsequently @-nitrolactic acid 
alone was shown also to exhibit the above colour reaction for 
glyoxylic acid, after having been neutralised with potassium 
carbonate solution. 


We are glad to express grateful acknowledgments to Imperial 
Chemical Industries, Ltd., for facilities which enabled one of us to 
participate in this work. 

THe CottzGe or TECHNOLOGY, 

MANCHESTER. [Received, January 18th, 1932.] 
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96. Mechanism of the Hydrolysis of Carboxylic Esters 
with Special Reference to Acid Hydrolysis. 


By Eprra Hitpa INcotp and CaRistoPpHER KELK INGOLD. 


MoDERN views regarding the mechanisms of reactions leave little 
room to doubt that alkaline saponification of carboxylic esters is 
initiated by the addition of an anion to the rap carbon atom : 


O 
«0° +one —» «Zon —> eC” + ore 
OR \OR OH 
OR® + H,O —~> HOR + OH® 

This mechanism has many known analogies, e.g., the addition of 
cyanide ions to carbonyl compounds (Lapworth, J., 1903, 83, 995 ; 
1904, 85, 1206, 1215), and it is consistent with the circumstance that 
a Walden inversion has never been observed during the saponific- 
ation of carboxylic esters of such optically active alcohols as sec.- 
octyl alcohol (Kenyon, private communication). 

On the other hand, the a priori application of the same theories 
of reaction mechanism does not appear uniquely to define the course 
pursued by acid hydrolysis. Thus it is known that the carbonyl 
oxygen atom has definite basic tendencies (compare Baker, J., 


1931, 307), which polarisation of the carboxyl group, oh, 
would be expected to enhance. Therefore hydrolysis might con- 
ceivably be initiated at the carbonyl oxygen atom, the complete 
reaction, in which the last stage is analogous to ’onium salt decom- 
position, being as follows : 


OR nan 
kg: + B°-> C<oH ra cok, “Coy + BO | " 


R® + H,0 —> ROH + H® | 
The alternative hypothesis is that the reaction commences at the 
ethereal oxygen atom in conformity with the established basic 
character of singly linked bicovalent oxygen. In this case an ‘onium 
structure would be produced, which could lead to the products of 
hydrolysis by fission in either of two directions : 


es) * 
-CO-OR + H® —> CO-OR —> CO-OH + R®| 


ty 2 B 
R® + H,O —> ROH + H® | 
® 
-CO-OR + H® —> eg —_» -CO® + HOR| ‘ 


-CO® + H,O —> -CO,H + H® } 
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Thus theory suggests three possible modes of reaction, of which 
two (B and C) are identical as regards their method of initiation and 
two (A and B) are likewise identical in the manner of their completion, 

The idea that the initial stage in the hydrolysis of an ester is the 
formation of a complex ion seems to have originated with Kastle 
(Amer. Chem. J., 1897, 19, 894). It has been developed by Lap- 
worth, Acree, Stieglitz, and others. Lapworth (Mellor’s “ Statics 
and Dynamics,” 1904, p. 289) suggested two alternative mechanisms, 
one of which is identical with A above, whilst the other is related to 
C, differing therefrom in that the molecule of ROH is assumed to be 
eliminated in two parts, OR° and H®, of which the former is ejected 
from the (hydrated) ester molecule without prior formation of the 
complex kation. Stieglitz (Amer. Chem. J., 1908, 39, 166) advanced 
a mechanism which, after the first stage, becomes equivocal and may 
be regarded as a generalised representation covering both the 
possibilities B and C. Acree (Amer. Chem. J., 1907, 38, 297) 
formulated the intermediate kation in a manner which appears to 
leave open all three possibilities A, B, and C. Later Lapworth 
interpreted (J., 1912, 101, 273) the dissimilar behaviour of alkyl 
sulphonates and carboxylates, e.g., towards amines and the Grignard 
reagent, on the basis of the hypothesis that the two types tend to 
divide in the parts ~SO,-O-|-R and —CO-|-OR respectively, the 
comparatively rapid alcoholysis of phenyl carboxylates being 
adduced as further support for this idea (P., 1914, 142). In this 
connexion specific reference was made to the acid hydrolysis of 
carboxylic esters, the alkoxyl groups of which were considered as 
being eliminated without separation into their components. Thus, 
as regards the completion of the reaction, the mechanism conforms 
to scheme-C, but it has a certain similarity also with scheme A in 
relation to the initiation of the reaction, since the basicity of the 
hydrated carbonyl group as well as that of the ether-like oxygen 
atom is considered to be responsible for the formation of the inter- 
mediate kation. Thus it would appear that each of the alternatives 
which might at present be envisaged has been foreshadowed in earlier 
theories. 

An attempt has been made to obtain evidence permitting a dis- 
tinction between these theories on the basis of the following con- 
siderations. Mechanisms A and B involve the elimination of the 
alcoholic constituent R of the esterin the form R®. Let it be sup- 


posed that R is of the form A—CH—CH=CHB, the isomeric form 


A—CH—CH—CH—B of this radical being designated R’. Now 

Burton (J., 1928, 1650) has shown that the anionotropic conversion 

of RX into R’X depends on the intermediate liberation of the 
oo 
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kation, R®=R’®, common to these tautomerides. It should be 
stated that in thus equating the two representations of the tautomeric 
kation the writer is expressing acceptance of the view that such an 
ion, when freed from strong local electrostriction, possesses a 
distributed charge. Now let it be supposed that X is a carboxy- 
group, e.g., acetoxyl. If, during the hydrolysis of the ester RX, 
the alcoholic radical ever becomes free as R®, then, since this ion is 
electromeric, its final combination with hydroxide ions should yield 
the same mixture of alcohols ROH and R’OH as would be obtained 
if either of these alcohols could be caused to ionise under correspond- 
ing conditions. Thus, provided it is known that the ester R—X and 
the alcohol ROH have not in themselves an appreciable tautomeric 
mobility (i.e., tendency to ionise) in the solvent and at the tem- 
perature of the hydrolysis experiment, the recovery from each of the 
pure isomeric esters RX and R’X of an identical mixture of alcohols 
will be diagnostic of the liberation of the alcoholic residue as R®, 
whilst, if each ester gives only its own alcohol, this will indicate that 
the ion R® has never at any stage been set free. 

The forms chosen for experimental study were R equals 


(HMe—CH=CH, and R’ equals CHMe=CH—CH,; for X the 
acetoxy-group was taken. It was clear from Baudrenghien’s work 
(Bull. Soc. chim. Belg., 1922, 31, 160) that neither the alcohols ROH 
and R’OH nor the acetates RX and R’X would exhibit appreciable 
mobility under the conditions of hydrolysis contemplated, and this 
conclusion is fully confirmed by the results now recorded. 

Crotyl acetate and «-methylallyl acetate were hydrolysed by 
2N-sulphuric acid at 60°, and after upwards of 90% of hydrolysis 
had occurred the reactions were completed by alkaline saponific- 
ation. The alcohols were then isolated and their physical properties 
examined. Each ester yielded its own alcohol. 

This result would appear to exclude mechanisms A and B, and thus 
leave mechanism C as the only acceptable alternative. To this 
extent Lapworth’s suggestion of 1912, regarding the point at which 
carboxylic esters undergo fission in their reactions generally, is 
confirmed by the work now described. 

As to the alkaline hydrolysis of carboxylic esters a corresponding 
problem does not arise, because, as is explained above, one mechanism 
only is conceivable in the light of modern knowledge. Actually 
the proof of this by the method employed above in relation to acid 
hydrolysis is already completed, since Prévost has shown (Ann. 
Chim., 1/28, 10, 147) that crotyl acetate and methylally! 
acetate on alkaline hydrolysis yield exclusively their respective 
alcohols. Nevertheless, since this result was to be utilised in the 
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experimental method described above, in which the incomplete acid 
hydrolyses were completed by alkaline saponification, prior to the 
isolation of the alcohols, it was deemed advisable to make certain 
that Prévost’s finding was applicable to the conditions under which 
these saponifications were carried out. The record of this con- 
firmation will be found in the experimental section. 


EXPERIMENTAL. 


Preparation of Alcohols.—Croty] alcohol was prepared by reducing 
crotonaldehyde with zinc-copper couple as described by Charon 
(Compt. rend., 1896, 123, 123), except that further additions of the 
couple were found necessary to complete the reduction. The 
material, twice dried with potassium carbonate in ether, twice 
fractionated through a column, and finally thrice distilled over 
barium oxide, with control by refractive index determinations, had 
b. p. 120—121°/763 mm., n° 1-4289; b. p. 119—122°/763 mm., - 
Mie -1°4287, nif 1-4282; b. p. 119—120°/759 mm., nif 1-4265, 
Nic, 1-4252 (Charon gives b. p. 122—123°; Baudrenghien, loc. cit., 
gives 121-5—122°/763 mm.). 

a-Methylallyl alcohol was prepared by the method of Wohl and 
Lésanitsch (Ber., 1908, 41, 3621), methylmagnesium bromide being 
used in place of methylmagnesium iodide. The alcohol, isolated 
and purified exactly as described above for the case of crotyl alcohol, 
had b. p. 97°/763 mm., nj 1-4182, 1-4183; b. p. 96—97°/759 mm., 
mii 1-4156, ni§S° 1-4167 (Baudrenghien, loc. cit., gives b. p. 97°/763 
mm.; Wohl and Lésanitsch give b. p. 96—97°/756 mm.). 

Preparation of Acetates.—Crotyl acetate was prepared by heating 
equimolecular quantities of crotyl alcohol and acetic anhydride for 
6 hours on the water-bath. The solution was shaken with 6—7 times 
its volume of water until 5 minutes after the odour of acetic anhy- 
dride completely disappeared, and then extracted twice with ether. 
The ethereal solution was washed twice with a small amount of water 
and dried with calcium chloride. After the removal of the ether 
through a fractionating column, the residue was subjected to a long 
series of fractionations, controlled by determinations of refractive 
index, an efficient Dufton column being used. It then had b. p. 
132°/761 mm., n}3°" 1-4214, n}58° 1-4210 (Found: C, 62-9; H, 8-9. 
Cale. : C, 63-1; H, 88%). 

«-Methylallyl acetate was prepared from «-methylallyl alcohol 
by the preceding method, except that the mixture was heated for 
8 hours and the product was fractionated thrice only. It had b. p. 
112—114°/766 mm., ni33 1-4065; b. p. L1O—115°/766 mm., ni 
1-4064. 

Acid Hydrolysis of Crotyl Acetate.—0-2N-Sulphuric acid was 
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employed, and the quantity of crotyl acetate was such that on 
complete hydrolysis the solution would have been 0-3N with regard 
to acetic acid. The mixture was kept at 61° and frequently shaken 
until it became homogeneous; thereafter the course of the reaction 
was followed by withdrawing samples for titration. After 8 hours, 
when 91% of the ester had been hydrolysed, the reaction was com- 
pleted by adding enough potassium hydroxide solution, previously 
warmed to 61°, to make the mixture 0-2N with regard to alkali. 
The alkaline mixture was kept for 0-5 minute at 61°, rapidly cooled, 
and extracted five times with half its volume of ether each time. 
The ethereal solution was dried with potassium carbonate, and the 
greater part of the ether removed through a long Dufton column. 
The remainder of the solvent was removed through a short Dufton 
column and the residue was dried and distilled over barium oxide. 
It had b. p. 118—120°/736 mm., nj" 1-4272. 

Acid Hydrolysis of «-Methylallyl Acetate-——This hydrolysis was 
carried out by the preceding method (thermostat temperature 62°). 
After 8-5 hours, when 93°%, of the ester had reacted, the hydrolysis 
was completed and the product isolated as above described. Ina 
duplicate experiment (thermostat temperature 61°) the alkali was 
added after 8 hours, when 92° had been hydrolysed. The product 
had b. p. 93—99°/765 mm., 52" 11-4172; nis 1-4131; nits 1-4132. 

Alkaline Hydrolysis of «-Methylallyl Acetate-——The ester was 
hydrolysed with sufficient 0-5N-potassium hydroxide to render the 
solution 0-2N with respect to alkali after the completion of hydro- 
lysis. The mixture was shaken at 60° until it became homogeneous 
(5—6 minutes), kept at this temperature for a further minute, and 
worked up in the manner illustrated in connexion with the experi- 
ments on acid hydrolysis. The product had b. p. 94—98°/756 mm., 


ni’ 1-4161. 
[Received, January 20th, 1932.] 





97. The Parachor and Chemical Constitution. Part 
XVII. Fluorine Compounds. 


By Eric CHarLes ALLEN and SAMUEL SUGDEN. 


Durie the last few years aromatic fluorine compounds have become 
readily accessible owing to the work of Schiemann and his colla- 
borators (Balz and Schiemann, Ber., 1927, 60, 1186, and later 
papers). We have used Schiemann’s method to prepare a number 
of these substances and have measured their surface tension and 
density with the object of obtaining a more accurate value of the 
atomic parachor of fluorine. 
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The data obtained are summarised in Table I. Here Y[P] 
indicates the sum of the appropriate atomic and structural constants 
other than that of fluorine; the latter is then obtained by sub- 
tracting X[P] from [P] obs. Excluding the last substance, the 
mean value found is F = 25-0; this should replace the value 25-7 
given in an earlier paper (Sugden, J., 1924, 125, 1180). 

The abnormal value given by methoxyboron difluoride is in 
marked contrast with the regularity shown by the other fluorine 
compounds. The constant for boron used in calculating Z[P] is 
16-4 (Etridge and Sugden, J., 1928, 990). Gasselin (Ann. Chim. 
Phys., 1894, 3, 14), who first prepared this substance, found a 


No. Substance. [P] obs. 2[P}. F, k. 
1 Fluorobenzene 214°3 190-0 24:3 2°32 
2 -Fluorochlorobenzene 252-8 227°2 25-6 2-19 
3 p-Fluorobromobenzene 265-3 240-9 24-4 2°47 
4 p-Fluorotoluene 255-1 229-0 26-1 2°35 
5 = a-Fluoronaphthalene 322-0 295-9 26-1 2°35 
6 pp’-Difluorodiphenyl 394-0 345-8 241xX2 2-59 
7 Methoxyboron difluoride 128-6 92-5 (18-0 x 2) 1°65 


Mean, excluding no. 7, 25-0. 


normal molecular weight for the vapour, but this does not exclude 
association in the liquid state. In fact the Ramsay-Shields constant 
given in the last column of the table indicates that methoxyboron 
difluoride is an associated liquid and the other fluorine compounds 
are normal. An attempt was made to determine the molecular 
weight in solution, but the substance was either insoluble in, or 
reacted with, all the solvents tried. 


oo ce 
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A formula (I) with singlet linkages is readily written for the 
double molecule and resembles that suggested by one of us for 
aluminium bromide, Al,Br, (J., 1929, 321). The parachor calculated 
for this structure is 250-8, whereas the observed value is 2 x 128-6 = 
257-2. This indicates 80° of double molecules, which seems a 
reasonable value. 

EXPERIMENTAL. 


The tables below are set out in the same manner as in earlier 
papers of this series and need no further description. All tem- 
peratures recorded are corrected for thermometer error and exposed 
stem. 

Substances 2—6 were prepared by the method of Balz and Schie- 
mann (Joc. cit.) and, except 6, which was recrystallised from alcohol, 
were purified by fractional distillation. The crude products boiled 











762 THE PARACHOR AND CHEMICAL CONSTITUTION. PART XVI. 


within a range of 5°, so that two distillations were usually sufficient 
to obtain a pure fraction. 

Fluorobenzene, C,H;F, M = 96-07. The following data are taken 
from the work of Morgan and Daghlien (J. Amer. Chem. Soc., 1911, 
33, 657); the drop-weights have been recalculated to surface 
tensions by means of the correction tables of Harkins and Brown 
(ibid., 1919, 41, 499). 


t. y- D. [P]. y(M /|D)i. 
9-3° 28-56 1-0354 214-5 585-2 
34-5 25-20 1-0049 214-2 526-8 


Mean 214-3 k = 2°32 


p-Fluorochlorobenzene, C,H,FCl, M = 130-5; b. p. 130°/756 mm. 
Densities determined: D®?* 1-226, D?’ 1-210, D=* 1-183, DP” 
1-168, whence Di: = 1-256—0-001301. 


i. edemnantonhigatinteie 15° 36-5° 52° 66° 
a nn 32-7 30:0 28-1 26-7 

Bi nthsecssemesnnenss 1-236 1-209 1-188 1-170 

|, Ee 252-4 252-6 252-8 253-4 Mean 252-8 
y(M/D)® .......0004- 730-3 680-1 644-3 620-4 k=219 


p-Fluorobromobenzene, C,H, F Br, M = 175-0; b. p. 153-5°/756 mm. 
Densities determined: D*®” 1-597, D*® 1-557, D®* 1-539, DR” 
1-511, whence Di = 1-623—0-00142z. 


6 scasopesccusessess 21° 44° 61° 76° 90° 

D  stontenedseeges 34-4 31-6 29-8 27°5 26-0 

It sa cesnsenacense 1-593 1-561 1-536 1-515 1-495 

tT eee 266-0 265-8 266-1 264-4 264-3 Mean 265-3 

y(M/D)* ...... 789-0 734-6 700-3 652-3 622-1 k = 2-47 
p-Fluorotoluene, C,H,F, M=110-1; b. p. 115-5°/756 mm. 

Densities determined: D'* 1-0007, D?!* 0-9857, D#® 0-9709, D2?” 

0-9595, whence D‘. = 1-0187—0-00107t. 

B~ addeataepobéovdiocvocsess 12° 31-5° 46-5° 59-5° 

WU ovececpecovatveseperesce 29-6 27-2 25-6 23°7 

| _ COREL 1-0059 0-9850 0-9689 0-9551 

UE dita intindinatenet 255-3 255-3 255-6 254-4 Mean 255-1 

SURI senessecccecsie 677°3 631-3 600-4 561-2 k = 2°35 


a-Fluoronaphthalene, C,,H,F, M = 146-1; b. p. 215°/756 mm. 
Densities determined : Di* 1-141, D%®* 1-122, D® 1-110, D7* 1-088, 
whence Df; = 1-154—0-000875¢. 


35-5° 48° 77° 
37-6 36-2 32-9 
1-123 1-112 1-087 
* 322-3 322-3 321-9 Mean 322-0 





965-5 935-5 863-2 k = 2-35 
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pp’-Difluorodiphenyl, C,,H,F,, M = 190-1; m. p. 87°. Densities 

determined: D}* 1-1116, Di®* 1-1027, Di 1-0930, Di" 1-0848, 
whence D{. = 1-1274—0-000869 (t—100). 


Dieta citadel 107° 124° 140° 158-5° 

sh hdd samaencdiocasbsodae 29-3 27-9 26-1 24-5 

Bs. dilesbbickbsiabebin 11212-11064 —s«i1-0925~—s«1-0765 

BE Seelnsetésantit bees 394-5 394-9 393-6 3928 Mean 394-0 
(MDP .......cccccees 897-6 862-4 814-0 771-0 = 2-59 


Methoxyboron difluoride, CH,‘O-BF,, M = 79-9. We are indebted 
to Prof. G. T. Morgan for a specimen of this substance. It was 
redistilled immediately before measurement and boiled sharply at 
86°. Densities determined: D#* 1-417, Di 1-406, D3 1-393, 
Dif 1-372, Di* 1-354, whence Di. = 1-473—0-00156t. 


Ye eae TA 45° 52° 60° 65° 74° 

a ee 26-0 25-7 24-1 23-7 22-6 

| am eae 1-403 1-392 1-379 1-372 1-358 

NE foe, 128-6 129-1 128-3 128-5 128-3 Mean 128-6 
y(M/D)t ...... 384-9 3823 3608 356-0 341-9 k= 1-65 


BrirKBECK COLLEGE (UNIVERSITY OF LONDON), 
FETTER LANE, E.C. 4. [Received, January 27th, 1932.] 





98. The Alkaloids of Ergot. Part III. LErgine, a 
New Base obtained by the Degradation of Ergotoxine 
and Ergotinine. | 
By Sypnry Sire and GEOFFREY MILLWARD TIMMIS. 


At the present time, little is known of the constitution of ergotoxine 
and ergotinine ; comparatively few degradation products have been 
obtained and these are of but simple structure. isoButyryl- 
formamide is obtained by the thermal decomposition of the alkaloids 
(Barger and Ewins, J., 1910, 97, 290) and recently Dr. A. Soltys, 
working in Prof. Barger’s laboratory, has obtained ammonia by the 
action of alcoholic sodium hydroxide, benzoic acid by oxidation with 
permanganate, and p-nitrobenzoic acid by treatment with nitric 
acid (Barger, ‘‘ Ergot and Ergotism,” 1931). 

On treating the alkaloids with alcoholic potassium hydroxide we 
have ourselves observed the evolution of ammonia and in addition 
we have been able to isolate from the products of reaction a new base 
which we have named ergine. This base is crystalline and gives 
crystalline salts. The analytical data for the base and its salts 
indicate that ergine has the empirical formula C,,H,,ON;, so that 
it constitutes roughly one half of the ergotoxine molecule. Ergine 
retains to a remarkable degree many of the properties of the parent 
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alkaloids. Solutions of the base show a beautiful bluish-violet 
fluorescence, which is particularly marked when acetone is the 
solvent. The base has a high specific optical rotation and a dis- 
persion coefficient similar to that of the alkaloids. The absorption 
spectrum is identical with that of the alkaloids between py 245 and 
vu 345, showing a maximum at py 318 and a minimum at pp 270. 
There is no indication of the inflexion at py 242 recently recorded for 
ergotinine (J., 1931, 1889). Ergine contains no methoxyl group, 
but one methylimino-group is present. It gives an alkaline reaction 
with moist litmus paper. The colour reactions are, in the main, 
those usually given by indole or its derivatives. In addition a 
reddish-amber colour is given by sodium diazobenzenesulphonate in 
alkaline solution (Pauly’s glyoxaline reagent). 

Dr. J. W. Trevan of the Wellcome Physiological Research 
Laboratories has kindly examined the pharmacological action of 
ergine with the following results: Tested for paralysis of the 
adrenaline effect on the uterus of the rabbit, it has a very slight 
action, but 4 mg. is weaker than 0-01 mg. of ergotoxine ethane- 
sulphonate. It raises the blood pressure of the pithed cat slightly. 


ExPERIMENTAL. 


Ergotinine or ergotoxine (5 g.) was boiled under reflux for 1 hour 
with N-methyl-alcoholic potassium hydroxide (125 c.c.). A slow 
current of nitrogen was passed through the apparatus throughout the 
experiment and the issuing gases were washed with N-hydrochloric 
acid. The alcoholic solution after dilution with water was con- 
centrated under reduced pressure and extracted thoroughly with 
ether. The ethereal extracts were united and washed first with 1% 
potassium hydroxide solution and then with water. After being 
dried with magnesium sulphate, the ether was removed by distil- 
lation. The residue was crystallised from methyl alcohol. Yield, 
0-5 g. The hydrochloric acid in the gas absorption apparatus was 
evaporated, and the residue dried in a vacuum at 100° (Found: Cl, 
63-6. Cale. for NH,Cl: Cl, 66:3%. Cale. for CH,-NH,,HCl: Cl, 
52-5%). A part of the residue was converted into the chloroplatinate 
[Found: Pt, 43-9. Calc. for (NH,),PtCl,: Pt, 43-9%]. 

Ergine is sparingly soluble in methyl alcohol and is conveniently 
separated from more soluble impurities by this solvent. It crystal- 
lises in colourless prisms which decompose with frothing at about 
135°; blackening with evolution of gas occurs at about 230°. The 
crystals contain one molecular proportion of methyl alcohol, which 
is retained with remarkable tenacity and is not completely removed 
by many hours’ heating at 90° in a vacuum. Ergine is readily 
soluble in acetone, soluble in chloroform and ethyl acetate, sparingly 
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soluble in methyl and ethyl] alcohols, ether, benzene, and almost 
insoluble in light petroleum and water. It crystallises very readily 
from aqueous acetone in long colourless plates which decompose 
with frothing at 115° and on further heating blacken and undergo 
further decomposition at about 230°. This form is a dihydrate 
which is stable in air but completely loses its water when kept over 
sulphuric acid in a vacuum desiccator [Found (a) in material 
crystallised from methyl alcohol and air-dried: C, 68-4, 68-6; H, 
7-8, 7-5; N, 13-5; OMe, 8-0; NMe, 9-3. C,,H,,;ON;,MeOH requires 
C, 68-5; H, 8-0; N, 13-3; OMe, 9-8; NMe, 92%. (b) In material 
crystallised from aqueous acetone, (1) air-dried: C, 63-5; H, 7:4; 
loss on drying, 11-6. C,,H,,ON;,2H,O requires C, 63-9; H, 7:9, 
H,O, 11-3%; (2) dried over sulphuric acid in a vacuum: C, 72-1, 
72:0; H, 7:3, 7:3; N, 14-9, 15-0; OMe, nil; NMe, 10-4; M, 315 
(Menzies—Wright ebullioscopic method with acetone as solvent). 
C,,H,,ON, requires C, 72-0; H, 7-5; N, 14:8; NMe, 10:2%; M, 283. 
(c) In base precipitated from the hydrochloride (vide infra) and dried 
over sulphuric acid in a vacuum: C, 72-1; H, 7:3; N, 154%]. 
Ergine has a high specific optical rotation. In acetone solution 
[aps + 514°; [ox}R, venow + 482° (ce = 1-0). Dispersion coefficient 
1:19. In chloroform solution [«}%;, +- 598°; [a], yetow + 503° 
(c = 1-5). A solution in dilute hydrochloric acid gives precipitates 
with potassium mercuric iodide solution, potassium bismuth iodide 
solution, and picric acid solution. Ergine resembles the ergot 
alkaloids in giving a blue colour with p-dimethylaminobenzaldehyde 
under the conditions described by M. I. Smith (U.S. Public Health 
Reports, 1930, 45, 1466). Colorimetric comparisons of solutions of 
ergine and ergotoxine by means of this test show that equimolecular 
solutions give colours of equal intensity. Ergine gives a number of 
colour reactions usually associated with indole or indole derivatives. 
A solution of the base (0-1%) in aqueous tartaric acid (19%) was used 
for the following tests. Benzaldehyde in sulphuric acid gives a deep 
blue colour. Formaldehyde and sulphuric acid give a blue ring. 
Glyoxylic acid and sulphuric acid give a deep blue colour. Dilute 
nitric acid and a trace of sodium nitrite give a yellowcolour. Sodium 
nitroprusside and sodium hydroxide in aqueous solution give 4 
yellow colour which becomes reddish-violet on addition of acetic 
acid and boiling. Alcoholic p-dimethylaminobenzaldehyde and 
hydrochloric acid give a violet-red colour on keeping. In addition 
ergine gives with sodium p-diazobenzenesulphonate in alkaline solu- 
tion (Pauly’s reagent) a reddish-amber colour, which is only slightly 
changed on addition of acids. When ergine is heated it decomposes 
with evolution of vapours which give a reddish-purple colour to 


pinewood moistened with hydrochloric acid. 
002 
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Ergine hydrochloride was prepared by treating a solution of the 
base in alcohol with dilute hydrochloric acid and adding ether. The 
salt separated in colourless plates, which may be crystallised from 
methy! alcohol by addition of ether or from water. On heating, it 
gradually becomes grey at about 200° and decomposes with frothing 
and formation of a black tar at 255—260° (Found : C, 63-8; H, 6-7; 
N, 13:3; Cl, 11-0. C,,H,,ON,,HCI requires C, 63-8; H, 6-9; N, 
13-1; Cl, 11-1%). 

Ergine hydrobromide was prepared by treating a solution of the 
base in acetone with hydrobromic acid, and crystallised by the addi- 
tion of ether. It crystallised in colourless prisms, which contract 
at about 200°, gradually darken and at 260° decompose with evolu- 
tion of gas and formation of a black tar. It has [«}%, + 349°, 
[a }it, yetiow-+ 291-5° (c in water, 0-66) (Found : C, 55-7; H, 6-0; N, 11-7; 
Br, 22-0; OMe, nil; NMe 8-8. C,,H,,ON;,HBr requires C, 56-0; 
H, 6-1; N, 11-5; Br, 22-0; NMe, 8-0%). 

Ergine nitrate was prepared by treating a solution of the base in 
acetone and alcohol with dilute nitric acid and adding ether. It 
crystallised in long colourless plates, which become grey at about 
200° and decompose with evolution of gas and blackening at 225— 
230° (Found: C, 59-1; H, 6-4; N, 16:3; OMe, nil; NMe, 8-6. 
C,,H,,ON;,HNO, requires C, 58-9; H, 6-4; N, 16-2; NMe, 8-4%). 

Ergine picrolonate was prepared in acetone solution, from which it 
separated in pale yellow plates, which darkened at 210° and decom- 
posed at 215°, giving a black tar (Found: N, 17-5. 

Cy7H2,ON3,C,9H,0;N, 
requires N, 17-9%). 

Ergine perchlorate was prepared by adding a solution of sodium 
perchlorate in water to a solution of the base in water containing a 
little acetic acid. The precipitate was recrystallised from alcohol 
in which it was somewhat sparingly soluble. It formed fine needles, 
which gradually darkened at about 200° and decomposed at 225°, 
giving a black tar (Found: C, 53-1; H, 6-1; N, 11-1. 

C,,H,,ON;,HCIO, 
requires C, 53-2; H, 5-8; N, 11-0%). 


We are indebted to Mr. A. Bennett and Mr. H. C. Clarke for the 
analyses recorded in this investigation. 


WELLCOME CHEMICAL WORKS, 
DARTFORD. [ Received, February 10th, 1932.] 
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99. Sirychnine and Brucine. Part XVI. 
neoStrychnine. 


By Osman AcHMATOWIO0z, GEORGE RoGER CLEMO, (the late) 
Wiu14m Henry Perkin, jun., and Ropert Rosinson. 


Tue ring-fission of alkylstrychnidinium salts under the influence of 
potassium alkoxide occurs in accordance with the scheme 


X{NR-C: + KOR’ —> ‘(NR R’0-C: + KX 


(Part IV; J., 1927, 1617), but at the same time the ethylenic linkage 
moves to a new position (compare Part XV; this vol., p. 486). 

Thus strychnidine methosulphate and potassium methoxide 
furnished methoxymethyldihydroneostrychnidine, and from this, 
by the action of hot dilute sulphuric acid, methylneostrychnidinium 
sulphate could be obtained. The corresponding chloride lost methyl 
chloride when heated and yielded neostrychnidine. 

The latter base and strychnidine are related by the fact that they 
yield the same dihydrostrychnidine (A) on catalytic hydrogenation. 

All these reactions can be paralleled in the strychnine series 
and in this way neostrychnine has been obtained. On catalytic 
hydrogenation it yields the dihydrostrychnine obtainable from 
strychnine and on electrolytic reduction it affords neostrychnidine 
and tetrahydroneostrychnine. Thus the double bonds in neostrych- 
nine and neostrychnidine are situated in like positions and from this 
we may justly conclude that the movement of the unsaturated 
linkage is not influenced by the lactam carbonyl of strychnine. 

The change is therefore not of the form 


‘N(a)*CO-CH,-C=C: —> ‘N(a)CO-CH=C—CH: 


and this is confirmed by the fact that neostrychnine condenses with 
benzaldehyde with formation of benzylideneneostrychnine, the 
reactive methylene being doubtless that of the group -N(a)*CO-CH,. 

Although neostrychnidine doubtless contains the indole skeleton, 
its properties are not consistent with the view that this substance 
contains a true aromatic indole nucleus and thus the alteration of 
the position of the double bond has apparently occurred at some 
point in the molecule relatively remote from the benzene nucleus 
and N(a). This deduction is in harmony with the requirements 
of formule on the general lines of those suggested in recent parts 
of this series (compare also Bakerian Lecture, Royal Society, 
1930). 

Further experiments on the derivatives of neostrychnine are in 








768 ACHMATOWICZ, CLEMO, PERKIN, AND ROBINSON : 


progress and some of the relations established in the present com- 
munication are summarised below. 











Pd 
Strychnine ae Dihydrostrychnine <—— 
C,,H,,0,N, H, C, ,H,0,N, 
Me,80, | ato 
Methoxymethyldihydro- Methyldihydroneostrychninium 
aeebtipeling’ ? chloride “ 
C.,H,0,N(NMe)(OMe) C,,H,,0,N(NMe)Cl _ 
fe cat. | red. 1 
é ' , 
i. Dihydromethoxymethyldihydro- neoStrychnine 
3 aK oer C.,H.20,N, 
3s C,,H,,0,N(NMe)(OMe) siealeie 
electr. | red. mapa . 
> Methoxymethyltetrahydro- neoStrychnidine 
strychnidine Ye C,,H,,ON, 
C,,H,,ON(NMe)(OMe) 25, Xx, 
°OR cat. | red. 
Dihydrostrychnidine 
C,,H,,ON, 


ExPERIMENTAL. 


Benzylstrychninium chloride, prepared by direct union of the 
base and benzyl chloride, is moderately readily soluble in water and 
separates from concentrated solutions in needles, m. p. 303—305° 
(Found: C, 72-6; H, 6-5. Calc. for C,,H,,O,N,Cl: C, 73-0; H, 
63%). When potassium hydroxide (15 c.c. of 50% solution) was 
gradually added to a hot aqueous solution of the salt (10 g.), and the 
mixture cooled, benzylstrychnine crystallised as a voluminous mass 
of colourless needles. After recrystallisation the base had m. p. 
270° (Found: loss at 104°, 27-8; C, 760; H, 7-1. Calc. for 
CogHy903N,,93H,O0 : H,O, 27-9; C, 76-0; H, 6-8%). It is moder- 
ately readily soluble in water, sparingly soluble in methyl alcohol, 
and apparently insoluble in cold dilute mineral acids (probably 
owing to the formation of a sparingly soluble salt on the surface of 
the crystals). A solution in 60% sulphuric acid becomes deep 
violet on the addition of a trace of potassium dichromate. 

When the base (1—2 g.) was carefully heated over a free flame (or 
distilled under 1 mm. pressure), benzyl alcohol was evolved and the 
residue consisted of strychnine (m. p. 267—268° after crystallisation, 
and undepressed mixed melting point). 

Garzarolli (Monatsh., 1889, 10, 1) prepared benzylstrychninium 
chloride in alcoholic solution. The product so obtained is not quite 
pure and has m. p. 262—263° when anhydrous. 

Benzylstrychnine, crystallising with 9H,O, has been described by 
Tafel and Moufang (Annalen, 1899, 304, 53), who treated benzyl- 
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strychninium iodide successively with silver sulphate and barium 
hydroxide. The process given above has the advantage of con- 
venience. 

Ethoxymethyldihydroneostrychnine.—In the course of his investig- 
ations of methylstrychnine Tafel (Annalen, 1891, 264, 64) obtained 
a compound, C,,H.,0,N>, by heating methylstrychnine with alcoholic 
sodium ethoxide. We have made improvements in the method of 
preparation of this substance. 

A solution of strychnine methosulphate (20 g.) in alcoholic sodium 
ethoxide (6 g. of sodium in 150 c.c.) was distilled from the steam-bath 
until all the alcohol was removed (2—3 hours). The pale brown, 
fluorescent residue was dissolved in water (200 c.c.) and cooled in ice, 
and dilute acetic acid (5% excess) added. The supernatant liquid 
(A) was decanted, and the gummy product (B) extracted with much 
ether. [It is essential to extract the substance as soon as_precipit- 
ated; any delay causes the formation of substances (C) insoluble in 
ether and difficult to purify. It is also advisable not to wash away 
the small amount of acetic acid remaining in the crude material after 
the solution is decanted : if the acetic acid is completely removed, 
the substance left after distillation of the ether is gummy and 
crystallises only after prolonged boiling with water.] 

The ethereal extract (B) was dried over sodium sulphate and 
filtered, and the solvent evaporated; the dark liquid residue 
crystallised on cooling or when brought into contact with ethyl 
alcohol. The substance, recrystallised from methyl alcohol con- 
taining ammonia, formed long, colourless, silky needles, m. p. 
158—159° (Found: C, 72-8; H, 7-7. Calc. for C,,H,,0,N,: C, 73:1; 
H, 76%). A further small quantity of the same substance was 
obtained when the solution (A) was saturated with sodium chloride 
and extracted with ether. The yield of the pure base is 40—70%. 

The gummy product (C), which is always formed and is insoluble 
in ether, could not be obtained crystalline. It was therefore dis- 
solved in acetone, the filtered solution mixed with methyl iodide, 
and the crystalline precipitate, which soon began to separate, 
recrystallised from much water (charcoal); long colourless needles, 
m. p. 325°, were obtained. The substance was identified with 
methylneostrychninium iodide (see below). ’ 

The same ethoxymethyldihydroneostrychnine was obtained when 
strychnine methosulphate was replaced by methylstrychnine and 
the resulting product was worked up by the above-described modi- 
fication of Tafel’s method. 

Methoxymethyldihydroneostrychnine.—A mixture of finely pow- 
dered methylstrychnine (20 g.) in methyl-alcoholic sodium methoxide 
(6 g. of sodium in 150 c.c.) was slowly heated in an open flask until 
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the methylstrychnine had dissolved (about 2 hours). The brown 
product, which showed a green fluorescence, when worked up in the 
way described in the preceding experiment, gave methoxymethyl- 
dihydroneostrychnine. The base is readily soluble in chloroform, 
sparingly soluble in cold methyl or ethyl alcohol, but dissolves 
readily on boiling and separates on cooling in long, colourless, silky 
needles, m. p. 141—143° (Found: C, 72-3; H, 7:3. C,,H,,0,N, 
requires C, 72-6; H, 7-4%). A solution in dilute sulphuric acid 
(60%) gives a violet coloration on addition of a drop of aqueous 
potassium dichromate. It is noteworthy that methoxymethy]l- 
dihydroneostrychnine (and the ethoxy-derivative) does not exhibit 
the property of becoming purple which methoxymethyldihydro- 
strychnidine exhibits on exposure to the air. 

neoStrychnine remained in the fraction insoluble in ether and was 
isolated in the form of its methiodide, m. p. 325°. 

The same result was obtained when methylstrychnine was replaced 
by strychnine methosulphate and the yield was about 60% in both 
cases. 

A method of preparation which is convenient and gives a clear 
product is the following. 

A suspension of powdered anhydrous methylstrychnine (15 g.) in 
dry methyl alcohol (100 c.c.) was refluxed for 24 hours with 4% 
sodium amalgam (200 g.). The resulting pale yellow solution was 
concentrated under diminished pressure, and the residue taken up 
in water (60 c.c.), cooled, and acidified with hydrochloric acid. The 
gummy precipitate dissolved in excess of the acid and the base 
(10 g.) was then reprecipitated by means of sodium hydroxide. 
Doubtless the solution initially contained methoxymethyldihydro- 
neostrychnic acid and lactam formation was catalysed by hydrogen 
ions. 

The base obtained in this way crystallised from methyl alcohol in 
colourless prisms, m. p. 143° (Found : C, 72-4; H, 7-4%). 

Dihydromethoxymethyldihydroneostrychnine.—A mixture of meth- 
oxymethyldihydroneostrychnine (5-0 g.), glacial acetic acid (30 c.c.), 
aqueous palladous chloride (5 c.c. of 2%), and aqueous gum arabic 
solution (55 c.c.) was stirred with hydrogen for 4 hours. The filtered 
solutior (charcoal) was concentrated under diminished pressure, the 
residue treated with ammonia, and the solid collected (5-0 g.). The 
product crystallised from methyl alcohol in stout colourless prisms 
(4:2 g.), m. p. 174° (Found: C, 72-1; H, 7-9. Cy. 3H 90,N, requires 
C, 72-3; H,7-8%). This base could not be converted into the metho- 
salts of dihydrostrychnine by the action of boiling dilute sulphuric 
acid, a stability parallel to that exhibited by methoxymethyltetra- 
hydrostrychnidine under like conditions. 
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Methoxymethyltetrahydrostrychnidine.—This substance was ob- 
tained when either methoxymethyldihydroneostrychnine or its 
dihydro-derivative was reduced at a lead cathode. Methoxy- 
methyldihydroneostrychnine (5 g.), dissolved in 20% sulphuric acid 
(120 c.c.), was reduced for 20 hours (5 amps.) The product crystal- 
lised from benzene in glistening plates, m. p. 220—222° (Found : 
C, 75:1; H, 8-6. Calc. for C,,H,,0,N,: C, 75-0; H, 8-7%), alone 
or mixed with an authentic specimen (Part IV; J., 1927, 1617). 

Dihydromethoxymethyldihydroneostrychnine (3 g.) in 20% 
sulphuric acid (80 c.c.) was submitted to a current of 3 amps. for 15 
hours. The product, crystallised from acetone, had m. p. 221° 
(Found: C, 74:8; H, 8°7%), alone or mixed with an authentic 
specimen. 

The Methylneostrychninium Salts.—Methoxymethyldihydroneo- 
strychnine (20 g.) (or the related ethoxy-compound) was heated with 
20% sulphuric acid (300 c.c.) until methyl alcohol (or ethyl alcohol) 
was no longer produced; the solution was then cooled, neutralised 
with ammonia, and mixed with an aqueous solution of sodium iodide 
(25 g.). The precipitated iodide (yield, 80%) was sparingly soluble 
in the usual organic solvents and in hot water it gave an approxim- 
ately 1% solution, from which the salt separated on cooling in long, 
colourless, fragile needles, m. p. 325° (decomp.) (Found: C, 55°5; 
H, 5-5. C,,H,,O,N,I requires C, 55-5; H, 53%). 

Methylneostrychninium iodide was also obtained by heating 
methoxymethyldihydroneostrychnine (4-0 g.) with methyl iodide 
(6 c.c.) and methyl alcohol (6 c.c.) in a sealed tube at 100° for 15 
hours. The considerable pressure developed was attributed to the 
formation of methyl ether : 


-NMe MeO-C: + MeI —> I{°NMe*C: + Me,O 


The crystalline precipitate (3-7 g.) in the tube, recrystallised from 
boiling water, formed long colourless prisms, m. p. 325° (Found : 
C, 56-3; H, 53%). The substance was proved to be identical in 
every way with the methiodide of neostrychnine prepared from 
methyl iodide and the base in methyl-alcoholic or acetone solution. 
A careful direct comparison of the salt prepared by the latter 
method and that first mentioned in this section was also made and 
the substances are identical in every way and yield the same 
methochloride. 

Methylneostrychninium chloride has been prepared from the iodide 
by means of silver chloride or directly from methoxymethyldihydro- 
neostrychnine by prolonged heating with concentrated hydrochloric 
acid on the steam-bath. The salt is readily soluble in water, 
moderately readily soluble in methy] alcohol, and crystallises there- 
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from in brilliant plates, m. p. 289—290°. The transparent crystals 
become opaque on exposure to air, but in spite of this efflorescence 
they retain 1CH,O which is not lost on short heating at 100° (Found : 
C, 66-4; H, 6-9. C,,H,,0,N,Cl,CH,O requires C, 66-3; H, 69%). 

neoStrychnine.—This base was obtained by carefully heating 
methylneostrychninium chloride until the evolution of gas ceased. 
The faintly fluorescent residue was taken up in hot chloroform, and 
the solution mixed with boiling methyl] alcohol; on cooling, the base 
separated in microscopic plates, m. p. 224—226°. Two recrystal- 
lisations from acetone raised the m. p. to 228—229° (Found: C, 
75:1; H, 65%). 

The base was also obtained by heating the dry hydrochloride 
of methoxymethyldihydroneostrychnine (prepared by passing 
hydrogen chloride into an ethereal solution) at 285°/1 mm. for 
about 5 minutes. The product crystallised from ethyl alcohol in 
faintly brown plates, m. p. 225° (Found: C, 75-7; H, 6-7, N, 8-4. 
C.,H..0,N, requires C, 75-4; H, 6-6; N, 8-4%). 

neoStrychnine is very sparingly soluble in cold or hot methyl or 
ethyl] alcohol, in benzene, or ethyl acetate; it is moderately readily 
soluble in hot acetone and readily soluble in chloroform. It is a 
moderately strong base, but owing to the formation of sparingly 
soluble salts it appears to dissolve in aqueous acids with some 
difficulty. 

The colour reaction with 60° sulphuric acid and potassium 
dichromate is the same as that of strychnine. 

Attempts to prepare neostrychnic acid gave indications of the 
formation of the substance, which was not, however, isolated in a 
pure condition. Similarly the formation of iso-neostrychnine was 
attempted under the following conditions :— 


f{ neoStrychnine (5 *)} 


*\ Water (75 c.c.) 48 hours at 135—140° 
_ 


no change 


%? ””? > 175—185° rT) 
3. - ” »  210—215° 75% unchanged and 
indefinite gum 
4, {neoStrychnine (5 g.) 
*\ MeOH-NH, (sat. at 15°) }60 hours at 100° no change 
(75 ¢.c.) 
5. >? ” ” 135—140° 9° 
6. ” va At 175—185° unchanged base and 
trace of a gum 
7. ” - o 210—220° 60% unchanged and 
P indefinite gum 
neoStrychnine (5 g.) ° 
8.{ EON. (0-2 g. in 50 oc.) } 2% hours at 46—48 no change 
9. ” a 48 hours at 70—75° 50% unchanged and 
indefinite gum 
10. ” e l hour at 100° and sub- complete change with 
sequently at 46—48° the formation of a 
for 6 hours. gum (basic and 


acidic) 
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In no case could any crystalline product other than neostrychnine 
be isolated. 

Dr. M. H. MacKeith (University Department of Pharmacology) 
has kindly examined the physiological properties of neostrychnine 
and neostrychnidine and reports as follows :-— 

“I have had the opportunity of testing certain of these substances 
for their pharmacological activity. mneoStrychnine and neostrychni- 
dine both possess the convulsant action typical of strychnine itself. 
The minimum lethal dose of neostrychnine is about 250 mg. per 
kilogram weight of frog, i.e., it has an activity about one-fiftieth that 
of strychnine and approximately equal to that of brucine or of 
strychnidine. meoStrychnidine is about twice as powerful in this 
respect as neostrychnine.” 

This report is of much interest because it shows that the character- 
istic action of strychnine is not so closely connected with the cyclic 
amide grouping as has usually been supposed. 

neoStrychnine N-Oxide.—A mixture of neostrychnine (2 g.) and 
aqueous hydrogen peroxide (20 c.c. of 5%) was heated on the 
steam-bath until a clear solution was obtained (about 1 hour). The 
amine-oxide separated on cooling in well-shaped colourless plates, 
which were recrystallised from water; it then melted at 179—180° 
and contained 3H,0 not lost at 120° (Found: C, 62-1; H, 66. 
C,,H,.0,N>,3H,O requires C, 62-1; H, 6-6%). An aqueous solution 
of the oxide was saturated with sulphur dioxide and kept for 12 
hours; neostrychnine was recovered on basification with ammonia. 

The formation of methylneostrychninium iodide from neostrych- 
nine and methyl iodide has already been mentioned. This salt 
furnished the chloride, agreeing with the substance previously 
described, and the action of boiling methyl-alcoholic sodium meth- 
oxide on the latter salt regenerated methoxymethyldihydroneo- 
strychnine, identical in all respects with the derivative obtained 
from strychnine. It is certain, therefore, that the movement of the 
double bond (as in the strychnidine case) occurs when methyl- 
strychnine is treated with hot alcoholic sodium methoxide and not 
at a subsequent stage. 

Benzylideneneostrychnine.—Finely powdered neostrychnine (1-5 g.) 
was mixed with benzaldehyde (1 c.c.) and alcohol (15 c.c.), and 
potassium hydroxide (0-3 g. in 1 c.c. of water) added to the boiling 
solution. After 10 minutes the liquid was cooled and kept in the 
ice-chest. A lemon-yellow crystalline precipitate gradually formed ; 
this was collected, washed with water, alcohol and ether, and dried 
at 100°; m. p. 158—159° (Found: C, 79-1; H, 7-2. C,,H,,0,N, 
requires C, 79-6; H, 7-5%). The derivative is sparingly soluble in 
most organic solvents. 
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The Catalytic Reduction of neoStrychnine. Formation of Dihydro- 
strychnine.—neoStrychnine is much more difficult to hydrogenate 
than strychnine and an attempt to reduce the base at the ordinary 
temperature did not succeed. After 20 hours the volume of 
hydrogen absorbed was only 20% of that required and but a small 
amount of dihydrostrychnine could be isolated. An almost 
theoretical yield (97%) was, however, obtained when a solution of 
neostrychnine (2 g.) in 50% acetic acid (75 c.c.) was added to an 
activated mixture of palladous chloride (0-2 g.), norite (1 g.), and 
water (about 200 c.c.) and agitated in hydrogen at 50°. After 
3} hours, absorption ceased and the volume of hydrogen absorbed 
(130 c.c.) was 99% of the theoretical. The base, precipitated by 
addition of aqueous ammonia to the filtered liquid, was washed, 
dried, and recrystallised from aqueous methyl] alcohol (50%). The 
long silky needles obtained melted at 130—135°, and at 220—222° 
when anhydrous and when anhydrous and mixed with authentic 
anhydrous dihydrostrychnine (Found in material dried in the air : 
C, 67-3; H, 7-4. Cale. for C,,H,,0,N,,2H,O : C, 67-7; H, 7-5%). 

The Electrolytic Reduction of neoStrychnine.—The base (10 g.), 
dissolved in dilute sulphuric acid (200 c.c. of 40%), was subjected 
in the cathode chamber of the usual apparatus to a current of 5 
amps. until the Otto reaction was negative (21 hours). After the 
reduction, the liquid was diluted with ice-cold water, filtered, and 
rendered alkaline with ammonia. The caseous precipitate was 
collected (7 g.), washed with water and dried; the alkaline filtrate 
and the washings were examined separately (A). 

neoStrychnidine. The dry precipitate was finely powdered, 
extracted with boiling alcohol (50 c.c.), and the solution quickly 
filtered. ‘The minute colourless needles which separated on cooling 
melted at 200—202° and consisted of neostrychnidine. The bulk of 
the base remained in the residue from the alcoholic extract and after 
being recrystallised from methyl alcohol melted at 204—205°, alone 
or when mixed with pure neostrychnidine (Found : C, 78-9; H, 7-6. 
Cale. for C,,H,,ON,: C, 78-7; H, 7:5%). The yield of the base 
amounted to 4-2 g. 

Tetrahydroneostrychnine. The mother-liquor from the alcoholic 
extract was evaporated to dryness, and the gummy residue recrystal- 
lised from benzene. ‘T'etrahydroneostrychnine separated on cooling 
as a hard crystalline crust, m. p. 167—168° (Found : C, 74-2; H, 7-7. 
Cy;H¢9,N, requires C, 74:5; H,7-7%). The base is readily soluble 
in methyl] or ethyl alcohol and sparingly soluble in benzene or ethyl! 
acetate. Evidence was obtained that tetrahydroneostrychnine 
yields a nitrosoamine, but the derivative could not be purified. 
The total yield of the base was 1-2 g. 
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Hexahydrostrychnine. The alkaline filtrate (A) and the washings 
were mixed with potassium carbonate and extracted with chloroform. 
The extract was dried over calcium chloride and filtered, and the 
solvent removed. The dark gummy residue was taken up in hot 
benzene, and the solution cooled; almost pure hexahydrostrychnine 
then separated. It was twice recrystallised from benzene, giving 
colourless tablets, m. p. 197—199° (Found : C, 74:3; H, 82. Cale. 
for C,,H,,0,N,: C, 74:1; H, 8-2%). 


The authors wish to thank the Polish Government (Ministerstwo 
Wyznan Religijnyck, Oswiecania Publicznego and Komitet Funduszu 
Kultury Narodowej) for a grant that has enabled one of them to 
take part in the investigation. They are indebted to Mr. Fred Hall 
for the greater number of the analyses. 

Dyson Prerrins Lasoratory, THE UNIVERSITY OF OxFORD. 


ARMSTRONG COLLEGE, NEWCASTLE-UPON-TYNE. 
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100. Sitrychnine and Brucine. Part XVII. neo- 
Brucine and neoBrucidine. 


By Osman AcHMaTowIcz, (the late) Wait1am HENRY PERKIN, 
jun., and Rospert Rosinson. 


In the two preceding parts of this series it is shown that the methy]- 
%-strychnidine of Part IV (Clemo, Perkin, and Robinson, J., 1927, 
1589) is in reality an isomeride of strychnidine to be termed neo- 
strychnidine and is related to neostrychnine, which has also been 
prepared and investigated. 

Similarly, methyl-j-dihydrostrychnidine is identical with di- 
hydrostrychnidine (A), a fact which was already noted in Part VI 
(Oxford, Perkin, and Robinson, J., 1927, 2389). 

Part V (Gulland, Perkin, and Robinson, J., 1927, 1627) was 
concerned with brucine derivatives and ‘‘ methyl--brucidine ”’ and 
‘* methyl-y-dihydrobrucidine ’’ were amongst the substances de- 
scribed. We now find that ‘‘ methyl-/-brucidine” is actually 
neobrucidine, an isomeride of brucidine, but “ methyl-/-dihydro- 
brucidine ”’ is not identical with dihydrobrucidine. 

The contrast with the strychnine series is noteworthy at this 
point and it may mean either that methyl-y-dihydrobrucidine is 
correctly named or that isomerism of the type exemplified by the 
dihydrostrychnidines (A), (B), and (C) has been encountered ; 
furthermore, demethylation of a methoxyl group is a possibility. 
‘* Methyl-/-dihydrobrucidine ’’ will be re-examined and we need 
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not consider further the explanation of the anomaly at the present 
stage. 

We have also obtained neobrucine, and the whole series of deriv- 
atives is parallel with the neostrychnine series described in Parts XV 
and XVI. 

Benzylbrucidinium chloride and methyl-alcoholic sodium methoxide 
afford a crystalline methorybenzyldihydroneobrucidine, 

(MeO),C,,H O[N(a)*CH, ][N(b)C,H,](:C-OMe)(C:C) (I), 
and this is converted by boiling dilute sulphuric acid into benzyl- 
neobrucidinium sulphate; the related chloride, 

(MeO),C, HyO[N(a)-CH,][N()C,H.,-C:](C:C)}Cl (II), 
decomposed, when heated, with formation of benzyl chloride and 
neobrucidine, (MeO),C,,H.,O[N(a)*CH,][N(5)-C:](C:C) (III). Catalytic 
or electrolytic reduction of neobrucidine furnished the base already 
obtained by hydrogenation of brucidine in the presence of palladium 
(Part XI; Achmatowicz, Fawcett, Perkin, and Robinson, J., 1930, 
1769). 

Again, methylbrucine and alcoholic sodium methoxide yield 
methoxymethyldihydroneobrucine, 

(MeO),C,,H. O[N(a)*CO][N(5)Me](MeO-C:)(C:C) (IV), 
from which methylneobrucinium salts and neobrucine are derived 
in the usual manner. neoBrucine is catalytically reduced to di- 
hydrobrucine. 
EXPERIMENTAL. 

Benzylbrucidinium Chloride-—When equivalent quantities of 
brucidine and benzyl chloride were stirred together, combination 
occurred rapidly ; the crude product was washed with benzene. The 
salt is readily soluble in water and separates from a concentrated 
solution (1 g. in 5 c.c.) as a thick paste of colourless crystals which, 
dried at 100°, have m. p. 305—307° (decomp.) (Found: C, 70:7; 
H, 7-2; Cl, 7:1. Cg gH ;0,N,Cl requires O, 71-1; H, 6-9; Cl, 6-9%). 

Methoxybenzyldihydroneobrucidine (I).—When benzylbrucidinium 
chloride (20 g.) was treated with methyl-alcoholic potash (100 c.c. of 
25%) under the conditions employed for the preparation of methoxy- 
benzyldihydroneostrychnidine (this vol., p. 490), methoxybenzy]l- 
dihydroneobrucidine (70%) and neobrucidine (15—20%) were 
obtained: they were separated by fractional crystallisation from 
ethyl alcohol or acetone. 

Methoxybenzyldihydroneobrucidine separates from ethyl alcohol 
or acetone in well-developed colourless prisms, m. p. 159—160°, 
which become rose-coloured when exposed to the air (Found: C, 
738; H, 7:3. C3,H,,0,N, requires C, 74:1; H, 7-6%). When 
ferric chloride is added to its solution in dilute hydrochloric acid, a 
green coloration is developed. The base combines with methyl 
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iodide at 100° with the formation of an iodide,m. p. 249—250° 
(Found : C, 60-0; H,6-2. C,,H,,0,N,I requires C, 59-6; H, 6-4%); 
this salt may be the methiodide or possibly slightly impure benzyl- 
neobrucidinium iodide. 

A close comparison of the properties of neobrucidine formed in the 
above process with those of ‘“ methyl-y-brucidine ” described in 
Part V showed that the substances are identical. 

neoBrucidine (III) is readily soluble in benzene and chloroform and 
moderately readily soluble in acetone and methyl alcohol; it is 
stable towards boiling dilute sulphuric acid, but instantly decolorises 
permanganate. The base melts at 197—199°, alone or mixed with a 
pure specimen of “ methyl-y-brucidine ” (Found: C, 72-2; H, 7-4. 
Calc. for C.,H,,0,N,: C, 72-6; H, 7-4%). 

Methoxybenzyltetrahydrobrucidine was obtained by the electrolytic 
reduction of the dihydro-derivative. It is sparingly soluble in 
methyl or ethyl alcohol and separates therefrom in large colourless 
prisms, m. p. 107—108° (Found: C, 73°8; H, 8-2. C3,;H O,N; 
requires C, 73-8; H,7-9%). The base is stable towards permangan- 
ate and is not affected by boiling dilute sulphuric acid. 

The Benzylneobrucidinium Salts.—The iodide (as II), When 
methoxybenzyldihydroneobrucidine (20 g.) was subjected to the 
action of dilute sulphuric acid (250 c.c. of 20%) under the conditions 
already described in similar cases (this vol., p. 491), methyl alcohol 
was evolved and the quaternary benzylneobrucidinium sulphate was 
produced. This was converted (by addition of aqueous sodium 
iodide to the basified solution) into benzylneobrucidinium iodide 
(yield, 80%), which is practically insoluble in cold or boiling methyl 
alcohol and is very sparingly soluble in cold or boiling water. It 
was recrystallised from the latter (3 g. in 1000 c.c.) and separated in 
microscopic needles, m. p. 260—261° (decomp.) (Found: C, 60-1; 
H, 5-9. Cy 9H,,0,N,I requires C, 60-0; H, 5-9%). 

The chloride was prepared in the usual manner by heating the 
iodide with water and silver chloride. It was very soluble in water 
and on evaporation of the solvent remained as an athorphous deep 
red mass which could not be obtained in the crystalline form. 

The Action of Heat on Benzylneobrucidiniwm Chloride.—When 
the quaterriary salt in quantities of 1 g. was heated in a test-tube 
over a free flame, benzyl chloride was evolved and neobrucidine was 
formed. The decomposition, however, was followed by the form- 
ation of tar and the yield of neobrucidine was smal] (30%) in com- 
parison with the yield of neostrychnidine obtained in the analogous 
process (this vol., p. 492). The crude product was extracted with 
ethyl alcohol (charcoal) and after several recrystallisations almost 
colourless plates, m. p. 196—198°, were obtained. The melting 
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point was unchanged after admixture with a specimen of neobrucid- 
ine which had given satisfactory results on analysis. 

Formation of Dihydrobrucidine by Reduction of neoBrucidine.—{A) 
A solution of neobrucidine (5 g.) in acetic acid (75 c.c. of 20%) was 
added to the catalyst (0-3 g. of palladous chloride, 1 g. of norite, and 
about 300 c.c. of water) and agitated in hydrogen. Absorption at 
the ordinary temperature was very slow and the required volume of 
hydrogen (284 c.c.) was absorbed in 14 hours. The ice-cold filtered 
solution was basified with ammonia (no precipitate) and saturated 
with potassium carbonate and the gummy product which was then 
deposited was extracted with chloroform. The extract was dried 
over calcium chloride and filtered, and the solvent evaporated. 
The greenish-brown residue crystallised immediately when cooled 
and rubbed with a few drops of acetone. The base (4:3 g.) was 
recrystallised from acetone, in which it was sparingly soluble, 
separating in prisms, m. p. 172—173°, which retain a molecule of 
acetone of crystallisation at 115° (Found in material dried at 115°: 
C, 70-6; H, 7-6. Calc. for C.;H3,0,N,,C,H,O: C, 70-9; H, 8-0%. 
Found in material dried at 130°: C, 72:1; H, 7-8. Cale. for 
Cy3H3g03N, : C, 72-3; H, 78%). The specimen was identified with 
the product of the catalytic reduction of brucidine by direct com- 
parison, and a mixture of the two specimens had m. p. 171—172°. 

(B) The electrolytic reduction of neobrucidine at room temperature 
could not be effected and even after 30 hours 80% of the base was 
recovered unchanged: the remaining fraction was recognised as 
dihydrobrucidine (m. p. 169—171°). When, however, the reduction 
was carried out at 100° (5 g. of the base in 100 c.c. of 20% sulphuric 
acid), the hydrogenation was complete at the end of 12 hours, as 
shown by the fact that a few drops of the liquid then gave no 
precipitate or cloudiness on the addition of ammonia. The solution 
was worked up as described above and finally pure dihydrobrucidine 
(4-1 g.) was obtained. It was identified with the specimen prepared in 
the previous experiment (m. p. 171—172° and mixed m. p. 171—172°). 

Benzylbrucinium Chloride.—Brucine was triturated with benzyl 
chloride (83—5% excess) and the resulting solid was powdered, 
washed with benzene, dissolved in boiling methyl alcohol, and 
precipitated by the addition of ether. The viscous mass crystallised 
on keeping and the salt separated from hot water in well-defined 
colourless prisms, m. p. 275—280° (decomp.) (Found : loss at 104°, 
8-2. Found in material dried at 104°: C, 69:1; H, 6-5; Cl, 6-8. 
Cy9H3,0,N,C1,2$H,O requires H,O, 8-0%. Cy9H330,N,Cl requires 
C, 69-2; H, 6-4; Cl, 6-8%). 

Benzylbrucine.—When a hot aqueous solution of benzylbrucinium 
chloride was mixed with 50% aqueous potassium hydroxide, a mass 
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of colourless microscopic needles separated in good yield. The base 
crystallised from water, in which it was moderately readily soluble, 
in needles, m. p. 195—-196° after being dried at 100° (Found in 
material dried at 104°: C, 68-0; H,7-1; N, 5-3. C,9H,,0;N,,14H,O 
requires C, 68-0; H, 7-0; N, 5-3%). 

Methoxymethyldihydroneobrucine (IV).—Unfortunately the yield 
of this substance by the analogous method is greatly inferior to that 
of the corresponding strychnine derivative and under the following 
conditions, which are the best we have been able to find, it amounts 
to barely 15%. . 

A mixture of methylbrucine (10 g.) and methyl-alcoholic sodium 
methoxide (3 g. of sodium in 75 c.c.) was heated in an open narrow- 
necked flask on the steam-bath until the solvent had evaporated. 
The product was dissolved in water, acidified with acetic acid in 
slight excess, and heated on the steam-bath for 2 hours. On cooling, 
crystals were deposited and these were thrice recrystallised from 
methyl alcohol, giving pale brownish, silky needles, m. p. 204—205° 
(Found: C, 68-2; H, 7-3. C,;H,,0;N, requires 68-4; H, 7-3%). 
The base is readily soluble in chloroform and sparingly soluble in 
methyl alcohol. The acid filtrate from these crystals was basified, 
but no definite product could be isolated from the dark gummy mass 
which was precipitated. 

The Methylneobrucinium Salts—When methoxymethyldihydro- 
neobrucine was heated with 20% sulphuric acid, a quaternary sulphate 
was formed (yield, 80%); after neutralisation of the solution with 
ammonia, the iodide was precipitated by the addition of sodium iodide. 

Methylneobrucinium iodide is almost insoluble in water and is 
sparingly soluble in methyl alcohol, separating from hot solutions as 
a pale brown, sandy, crystalline powder, m. p. 302—306° (decomp.) 
(Found in material dried at 105°: C, 52-7; H, 5-8. ‘C.,H,0,N,I,CH,O 
requires C, 52-8; H, 5-8%). 

The related chloride, obtained by double decomposition with 
silver chloride, is very readily soluble in water and crystallises in 
colourless microscopic needles, m. p. 255—260° (decomp.). 

neoBrucine.—The quaternary chloride (0-3 g.) was cautiously 
heated in a test-tube over a free flame ; methyl chloride was evolved. 
The glassy residue crystallised in contact with methyl alcohol and 
separated from a hot solution in this solvent in long, colourless, silky 
needles, m. p. 225—226° (Found: C, 70-3; H, 6-5. C,,H,,0,N, 
requires C, 70-1; H, 6-6%) (yield, 85—90%). 

neoBrucine is almost insoluble in ether and sparingly soluble in 
ethyl acetate; it is moderately readily soluble in the simple alcohols 
and acetone and is readily soluble in benzene or chloroform. The 
colour reactions of the base closely resemble those of brucine. 
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The Catalytic Reduction of neoBrucine. Formation of Dihydro- 
brucine.—A solution of neobrucine (1-2 g.) in aqueous acetic acid 
(75 c.c. of 10%) was mixed with the catalyst (0-2 g. of palladous 
chloride, 2 g. of norite, and about 200 c.c. of water) and stirred in 
hydrogen. The theoretical volume of hydrogen was absorbed during 
6 hours and the filtered liquid was then cooled in melting ice, basified 
with ammonia, mixed with potassium carbonate, and extracted 
with chloroform. The residue, after removal of the solvent, was 
crystallised from aqueous methyl alcohol and the product was 
identified with a specimen obtained from brucine (Part XI; loc. cit.) 
by m. p., by mixed m. p. (179—181° in both cases), and by analysis 
(Found: loss at 100°, 15:5. Found in material dried at 130°: 
C, 69-6; H, 7-2. Cale. for C,,H,,0,N,,4H,O0 : H,0, 15-4%. Cale. for 
Cy3H,,0,N,: C, 69-7; H, 7-2%). 


The authors wish to thank the Polish Government (Ministerstwo 
Wyznan Religijnyck, Oswiecania Publicznego and Komitet Fun- 
duszu Kultury Narodowej) for a grant that has enabled one of them 
to take part in the investigation. They are indebted to Mr. Fred 
Hall for his skilful analytical work. 


Dyson Perrins LaBoraTory, 
THe Untversiry or OxrorD. [Received, January 21st, 1932]. 





101. Strychnine and Brucine. Part XVIII. Final 
Stages of the Degradation of Dinitrostrychol and 
an Account of some Nitrohydroxyquinoline Deriv- 
atives, 

By KorrtazatH Narayana MENON and Rospert Rosrnson. 

In Part XII (J., 1931, 773) it was shown that dinitrostrychol is a 

carboxylic acid, probably 5 : 7-dinitroindole-2-carboxylic acid, and 

the application of the Curtius reaction to the acid led to the form- 
ation of 5 : 7-dinitro-2-indolylurethane (I). This substance has now 

been hydrolysed to 5 : 7-dinitro-2-aminoindole (11). 


NO ‘NOH 
OY pis ‘CO, Et aha a me: se 


~ om a ay a ve 
The action of nitrous acid on the salts of this base yields 5 : 7-di- 
nitroisatin-3-oxime (III), which can also be obtained from dinitro- 
isatin (Part X; J., 1930, 830) by the action of hydroxylamine. The 
oxime can be hydrolysed to dinitroisatin. 
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We have previously stated (Part XII; loc. cit.) that our views on 
the course of the permanganate oxidation (Leuchs) could be brought 
into line with the recognition that dinitrostrycholcarboxylic acid is 
5 : 7-dinitroindole-2 : 3-dicarboxylic acid and symbolised in a 
constitutional formula. This was not actually put forward, because 
it seemed at the time that the evidence for the existence of the group 
*N(a)-CH,° was not to be set aside. 

But Professor Leuchs (private communication) has now been able 
to arrive at a satisfactory explanation of the nature of the product 
obtained by oxidising tetrahydrostrychnine with chromic acid 
without such an assumption. Consequently full weight can be 
attached to the ascertained constitution of dinitrostrycholcarboxylic 
acid. 

The formula which we had in mind is (IV); it contains carbazole 
and tryptophan skeletons and a blocked dihydroindole structure. 

iy Mle a NO H 
CH, ‘ OH (V.) 


Ok on/\e at 
Ca H—C 
Re H 


| 
Or CH 
to :- | NO 
\o OH, OH (VI.) 


The expression oe meondln the arguments mentioned in the 
Bakerian Lecture of 1930 (Proc. Roy. Soc., 1931, A, 130, 431) with 
the exception of those based on the supposed presence of a quinoline 
nucleus. 

The model of the skeleton of dihydrostrychnine on this basis is 
entirely strainless and the bridge-ring and seven-membered ring fit 
in very conveniently. It is also a remarkably symmetrical arrange- 
ment in space. 

A number of substances prepared in the course of synthetical 
work in this group are described in the experimental section. 

Carbostyril-3-carboxylic acid was nitrated with formation of 
6 : 8-dinitrocarbostyril-3-carboxylic acid, and the Curtius reaction then 
applied to the substance. In this way 6 : 8-dinitro-3-amino-2-hydr- 
oxyquinoline (V) has been obtained, The conversion into 6 : 8-di- 
nitro-2 : 3-dihydroxyquinoline, an isomeride of dinitrostrychol, has 
not yet been accomplished in spite of many attempts. 

Ethyl 2 : 3-dihydroxyquinoline-4-carboxylate could be nitrated 
with formation of 6-nitro-2 : 3-dihydroxyquinoline-4-carboxylic acid 
(VI), but up to the present all attempts to introduce a second nitro- 
group have been fruitless. 
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EXPERIMENTAL. 

5 : 7-Dinitro-2-aminoindole (I1).—A _ solution of 5: 7-dinitro- 
2-indolylurethane (0-1 g.) (loc. cit.) in concentrated sulphuric acid 
(3 c.c.) was gently heated over a free flame until the evolution of gas 
ceased. The cooled solution was added to water (15 c.c.) and 
neutralised with ammonia. The brick-red precipitate was collected 
and dried; the amine crystallised from nitrobenzene, or xylene, in 
bright red, microscopic needles, m. p. 265° (Found: C, 43-5; H, 2-8; 
N, 25-0. C,H,O,N, requires C, 43-2; H, 2:7; N, 252%). This red 
base is very sparingly soluble in most organic solvents; it forms 
nearly colourless salts and gives rise to a diazonium salt which couples 
with $-naphthol to a crimson azo-compound. 

5 : 7-Dinitroisatin-3-oxime (II1).—The diluted sulphuric acid 
solution of the base, obtained as described above, was not neutralised 
by ammonia but diazotised at — 10° by means of sodium nitrite 
(2 mols.). More water (5 c.c.) was added and the mixture was 
boiled until nitrogen was no longer evolved and then filtered hot 
(charcoal). On cooling, the oxime separated in long, light yellow, 
woolly needles, m. p. 252° (Found: C, 38:3; H, 1-9; N, 21-9. 
C,H,O,N, requires C, 38-1; H, 1-6; N, 22-2%). 

The same substance was readily obtained from dinitroisatin by 
the action of hydroxylamine hydrochloride and sodium carbonate 
in aqueous-alcoholic solution. The product had m. p. 252° and a 
mixture of the two specimens also melted at this temperature. 

The oxime (prepared from strychnine) was hydrolysed to dinitro- 
isatin by 6 hours’ boiling with a large excess of a mixture of equal 
volumes of concentrated hydrochloric acid and 40°% formaldehyde 
solution : the process was slow but gave good results. The dinitro- 
isatin was identified with an authentic specimen. 

6 : 8-Dinitrocarbostyril-3-carboxylic Acid.—A mixture of carbo- 
styril-3-carboxylic acid (10 g.), concentrated sulphuric acid (50 c.c.), 
and nitric acid (50 c.c.; d 1-52) was heated for an hour in a boiling 
water-bath and then poured into water. The precipitate crystallised 
from acetic acid in microscopic prisms, m. p. 240° (yield, theoretical) 
(Found: C, 43-0; H, 2-2; N, 14-8. C,,H;O,N, requires C, 43-0; 
H, 1-8; N, 15-0%). 

The positions of the nitro-groups inthiscompound were determined 
by heating the dinitro-acid with 10 times its weight of water in a 
sealed tube at 200° for 4 hours: complete decarboxylation was 
effected and the product, after crystallisation from acetic acid, 
melted at 218°, the m. p. of 6 : 8-dinitrocarbostyril (Kaufmann and 
Petherd, Ber., 1917, 50, 336). 

Ethyl 6 : 8-Dinitrocarbostyril-3-carboxylate.—6 : 8 - Dinitrocarbo- 
styril-3-carboxylic acid was refluxed for 12 hours with a large excess 
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of 20% ethyl-alcoholic sulphuric acid. The acid itself is not soluble 
in alcohol to any great extent, but it is gradually replaced by the 
ethyl ester, which separates from the hot solution in needles. Re- 
crystallised from acetic acid, the ester had m. p. 210° (Found: 
C, 46-9; H, 3-0; N, 13-8; EtO, 15-1. C,,H,O,N, requires C, 46-9; 
H, 2-9; N, 13-7; 1EtO, 14-:7%). 

6 : 8-Dinitrocarbostyril-3-carbohydrazide and Azide.—The ethyl 
ester failed to react with hydrazine hydrate in the presence of a 
solvent and after a large number of trials the following procedure 
was adopted. 

The ester (1 g.) was finely powdered and stirred with hydrazine 
hydrate (3 c.c., 90—95%): a deep red solution was formed with 
evolution of heat and when heated on the steam-bath for 5 minutes 
the whole solidified to a yellow mass. This was extracted with a 
large volume of water, and washed with boiling water till the washings 
were no longer coloured. The hydrazide (m. p. 255°) was very 
sparingly soluble in all solvents and could not be purified for analysis. 

A solution of 1 g. in hot 10% hydrochloric acid (250 c.c.) was 
filtered, cooled, and treated with sodium nitrite (1 g.) in 10 c.c. of 
water. The azide that separated was collected and dried on a porous 
plate (m. p. 95°, decomp.). 

6 : 8-Dinitro-2-hydroxyquinolyl-3-urethane.—A suspension of the 
azide (3 g.) in alcohol (150 c.c.) was refluxed on a steam-bath. 
Solution was effected with evolution of nitrogen and after a short 
time the urethane separated. More alcohol was added and the 
boiling continued for an hour. The urethane crystallised from 
acetic acid in yellow needles, m. p. 239° (Found: C, 44-6; H, 3-4; 
N, 17-6. C,H ,0,N, requires C, 44-7; H, 3-1; N, 17-4%). 

6 : 8-Dinitro-3-amino-2-hydroxyquinoline (V).—The urethane 
(0-5 g.) was boiled for 4 hour with 10% aqueous sodium hydroxide 
(300 c.c.), and the solution cooled and acidified with acetic acid. 
The base crystallised from acetic acid in coppery plates, m. p. 239° 
(Found: C, 43-4; H, 26; N, 22-1. C,H,O;N, requires C, 43-2; 
H, 2-4; N, 224%). It can be diazotised and then couples with 
8-naphthol to a crimson azo-compound. The base is soluble in 
concentrated mineral acids, but separates on dilution. 

3-Nitroindole-2-carboxylic Acid.—Indole-2-carboxylic acid (2 g.) 
was gradually added to nitric acid (10 c.c.; d 1-42), kept at 0—5’, 
with good stirring. The reaction mixture was kept at the room 
temperature for 3 hours with intermittent stirring. The solid that 
separated was collected, washed first with concentrated nitric acid, 
then with dilute nitric acid, and finally with water. It crystallised 
from water in pale yellow needles, m. p. 232° (Found: C, 52-6; 
H, 2-6; N, 13-7. Cale. for C,H,0,N, : C, 52-4; H, 2-9; N, 13-6%). 
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The same nitro-acid was obtained by Angelico and Velardi (Atti 
R. Accad. Lincei, 1904, 13, i, 241) by the oxidation of 3-nitro- 
2-methylindole. 3-Nitroindole-2-carboxylic acid could not be 
nitrated to give either a di- or a tri-nitro-compound. Experiments 
in this direction always resulted in the formation of degradation 
products. 

6-N itro-2-hydroxy-4-ethoxyquinoline-3-carboxylic Acid.—A mixture 
of 2-hydroxy-4-ethoxyquinoline-3-carboxylic acid (5 g.) and nitric 
acid (50 c.c.; d 1-42) was gently refluxed for 15 minutes and then 
diluted with water. The product crystallised from acetic acid in 
needles, m. p. 285° (decomp.) (Found: C, 51-9; H, 3-8; N, 10-0. 
C,.H90,N, requires C, 51-8; H, 3-6; N,10-1%). The substance is 
very resistant towards the further action of nitrating agents. 

6-Nitrocowmarin-3-carboxylic Acid.—Coumarin-3-carboxylic acid 
(5 g.) was slowly added to nitric acid (100 c.c.; d 1-52), cooled in 
running water. The mixture was kept at room temperature for 60 
hours and then poured into water; the nitro-compound soon crystal- 
lised in plates. Recrystallised from acetic acid, it melted at 234° 
and decomposed at 260° (Found : C, 51-4; H, 1-8; N, 6-2. CyH;O,N 
requires C, 51-1; H, 2-1; N, 5-9%). 

The position of the nitro-group was determined by decarboxyl- 
ation. The acid was recovered unchanged after treatment with 
ammonia under different conditions. 

6-Nitro-2 : 3-dihydroxyquinoline-4-carboxylic Acid (V1).—Ethyl 
2 : 3-dihydroxyquinoline-4-carboxylate (Wislicenus and Bubeck, 
Annalen, 1924, 436, 122) (2 g.) was added in one portion to nitric 
acid (10 c.c.; d 1-42). The temperature was maintained below 50° 
by appropriate cooling and the mixture was later stirred until the 
temperature fell to 18°. It was then slowly heated to 100°, main- 
tained at that temperature for 15 minutes, and poured into water; 
the solid obtained crystallised from acetic acid in needles, m. p. 212° 
(decomp.) (Found: N, 10-9. C,H,O,N, requires N, 11-:2%). 
The nitro-acid is recovered unchanged from boiling fuming nitric acid 
or from a mixture of equal parts of nitric acid (d 1-42) and concen- 
trated sulphuric acid at 100°. 

The behaviour of the 4-carboxylic ester towards nitric acid is in 
striking contrast to that of 2 : 3-dihydroxyquinoline, which has not 
yielded any definite nitro-compound under a variety of experimental 
conditions. 


Tue UNIVERSITY oF OXFORD. 
University CoLtLecE, LonDON. [Received, January 21st, 1932.] 
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102. Preliminary Synthetic Experiments in_ the 
Morphine Group. Part III, Some Derivatives of 
Papaveroline and Laudanosoline. 


By Zensrro Kitasato and RoBert Rosrnson. 


Wits the ultimate object of studying the conditions for the coupling 
of the aromatic nuclei in phenolic bases of the laudanosine type 
(compare Part I; J., 1931, 3163) we have examined the fully 
demethylated substances, papaveroline and laudanosoline, especially 
with a view to their characterisation. The tetrabenzoyl derivatives 
(I) and (II) are moderately satisfactory for the purpose, although 
(II) must be converted into a picrate or hydrochloride. 

N-Methylpapaverolinium chloride is converted by pyridine into a 
well-defined phenol-betaine (III), analogous to the phenol-betaine 
(IV) prepared from N-methylpapaverinium hydroxide by Decker, 
Durrant, and Eichler (Annalen, 1908, 358, 288; 1913, 395, 377. 
Compare Spith and Epstein, Ber., 1926, 59, 2791). In the latter 
case the reaction involves demethylation and only one phenolic 
hydroxyl is present; it has been proved to occupy the position 
illustrated. In (III), however, the pure phenol-betaine formula 
does not indicate which of the phenolic hydroxyls is implicated and 
our choice is therefore based on the theory that the substance is an 
anhydronium base (compare Armit and Robinson, J., 1925, 127, 
1604) and that its constitution is intermediate between the phenol- 
betaine (IIT) and the quinone (V). 
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The alternative is that the substance is N-methylisopapaverinol, 
but the properties of the base and the formation of a tribenzoyl 
derivative are in better agreement with the anhydronium-base 
structure. 

The action of iodine on papaveroline hydriodide in alcoholic 
solution yields an iodo-compound of the probable structure (VI). 


EXPERIMENTAL. 


Papaveroline Salts.—The hydriodide has been prepared by a 
modification of the method of Goldschmiedt (Monatsh., 1885, 6, 
966). A mixture of papaverine (50 g.), hydriodic acid (300 g.; 
d 1-7), and acetic anhydride (5 c.c.) was heated for 3 hours in a bath 
at 135—138°. The salt was isolated by the addition of ether and a 
little water and was sufficiently pure for most purposes. A specimen, 
crystallised from hot water, was quite colourless, m. p. 230° (decomp.) 
(Found in anhydrous material: C, 46-8; H, 3-5. Cale. for 
C,gH,,0,NI: C, 46-7; H,3-4%). The action of iodine on an acidic 
solution of the salt in alcohol gives, even at the ordinary temperature, 
an iodo-derivative, which crystallises from aqueous alcohol in pale 
reddish-brown prisms, m. p. ca. 202° (decomp.) (Found: C, 33-3; 
H, 2-9. C,gH,,0,NI,,2H,O requires C, 33-5; H, 3-0%). 

The hydrochloride separates when hydrogen chloride is led into a 
concentrated aqueous-alcoholic solution of the hydriodide and the 
use of silver chloride is thus avoided. It crystallises from dilute 
aqueous or alcoholic hydrochloric acid in colourless needles, m. p. 
ca. 250° (decomp.) (Found in anhydrous material: C, 60-0; H, 4-6. 
C,g¢H,,0,NCI requires C, 60-1; H, 44%). The salt is moderately 
readily soluble in alcohol or water, sparingly so in presence of 
hydrogen chloride. On reduction with tin and hydrochloric acid it 
affords tetrahydropapaveroline hydrochloride, colourless needles, 
m. p. ca. 295° (decomp.), from hot water (Found: C, 59-3; H, 5-5. 
Cale. for C,gH,,0,NCl: C, 59:4; H, 5-6%), having the properties 
ascribed by Pyman (J., 1909, 95, 1610) to the salt obtained by the 
demethylation of tetrahydropapaverine by means of concentrated 
hydrochloric acid. Ferric chloride added to an aqueous or alcoholic 
solution of the salt develops a green coloration that becomes deep 
bluish-green on warming. 

O-Tetrabenzoylpapaveroline (I).—Benzoyl chloride (3 c.c.) was 
added to a suspension of papaveroline hydrochloride (1 g.) in pyridine 
(5 c.c.) and after 5 minutes’ shaking the reaction was completed by 
gentle heating. The product was added to dilute ammonium 
carbonate solution and ice and after some hours the solid was 
collected, dissolved in alcohol, and the solution concentrated in an 
evacuated desiccator. The crystals which separated were re- 
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crystallised from benzene-light petroleum, forming colourless 
rosettes, m. p. 148° (Found: C, 75-4; H, 4:3; N, 2-3. C,H O,N 
requires C, 75°5; H, 4:1; N, 20%). This derivative is readily 
soluble in most organic solvents. It is formed by simple O-benzoyl- 
ation, whereas Oberlin (Arch. Pharm., 1927, 265, 265) has stated that 
benzoylation of papaveraldoline furnishes an N-benzoyl-O-tetra- 
benzoyl derivative free from halogen. The theoretical basis of this 
observation is obscure. 

N-Methylpapaveroline Derivatives.—Methylpapaverinium iodide 
was prepared from the methosulphate and sodium iodide in aqueous 
solution and demethylated as described above for papaverine. 
When the reaction mixture was cooled, methylpapaverolinium iodide 
separated ; it was collected (yield, 80%) after the addition of ether. 
The salt crystallised from water in small colourless prisms, m. p. 
208° (decomp.) (Found: C, 47-8; H, 40. Cale. for C,,H,,0,NI : 
C, 48-0; H, 38%). 

Claus and Kassner (J. pr. Chem., 1897, 56, 344) describe this salt 
as reddish-brown crystals, m. p. 77° (hydrated). 

The chloride was obtained from the iodide by means of silver 
chloride in aqueous solution, and addition of hydrochloric acid to the 
filtrate from silver iodide. It crystallised from alcohol in colourless 
prisms, m. p. 264° (decomp.) (Claus and Kassner, loc. cit., give m. p. 
235°) (Found: C, 61-1; H, 4-8. Calc. for C,,H,,0,NCl: C, 61-2; 
H, 4:8%). 

Anhydro-N-methylpapaverolinium Hydroxide (III and V).—When 
a solution of N-methylpapaverolinium chloride (2 g.) in dry pyridine 
(40 c.c.) was boiled, the new substance began to separate after a few 
minutes : after 1 hour the mixture was cooled and the solid collected. 
It crystallised from alcohol in colourless prisms, which do not melt 
at 300° (yield, quantitative) (Found : C, 68-5; H, 5-1. C,,H,,0O,N 
requires C, 68-7; H, 50%). The hydrochloride of this phenol- 
betaine was found to be identical with N-methylpapaverolinium 
chloride in all respects. 

The picrate (N-methylpapaverolinium picrate) was prepared by 
mixing an alcoholic solution of the base with ethereal picric acid ; 
it crystallised from alcohol—benzene in yellow rhombohedra, m. p. 
210° (decomp.) after softening at 196° (Found: C, 52:3; H, 3-3. 
Co3H,01,N, requires C, 52-5; H, 3-4%). 

When N-methylpapaverolinium chloride was gently warmed with 
benzoyl chloride and anhydrous pyridine under conditions similar 
to those employed for papaveroline, and the product worked up in 
a similar manner, and finally crystallised from alcohol, pale yellow 
prisms, m. p. ca. 217° (Found : C, 74-8; H, 4-7; N, 2-7. C,,H,,0,N 
requires C, 74-9; H, 4-4; N, 23%), were obtained. This substance 
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is evidently anhydro-N-methyl-O-tribenzoylpapaverolinium hydroxide. 
It is changed to a chloride by the action of dilute hydrochloric acid 
and gives a brownish-violet coloration with ferric chloride in aqueous- 
alcoholic solution. 

On the other hand, when moist pyridine was used under otherwise 
similar conditions, the product crystallised from alcohol in small 
colourless prisms, m. p. 180° (Found : C, 71-6; H,4-2. C,;H,,0,NCl 
requires C, 72-0; H, 43%). This substance is a chloride, is much 
more readily soluble in alcohol than the tribenzoyl-phenol-betaine, 
gives no ferric reaction, and is evidently N-methyl-O-tetrabenzoyl- 
papaverolinium chloride. 

Laudanosoline Derivatives.—The hydrochloride was prepared by 
reduction of N-methylpapaverolinium chloride by means of tin and 
hydrochloric acid under conditions similar to those used by Pyman 
(loc. cit.) for the reduction of papaverine. After elimination of the 
tin, the salt was isolated by concentration of the filtrate. The same 
substance was more conveniently obtained by demethylation of dl- 
laudanosine by means of hydriodic acid and acetic anhydride at 138° 
as described under papaveroline (above). The iodide crystallised 
on cooling and addition of ether and was converted into chloride by 
direct treatment with hot, moderately concentrated hydrochloric 
acid. The salt crystallised from dilute hydrochloric acid in minute 
colourless prisms, m. p. 244° (Found : C, 60-9; H, 6-0. C,,H,,0,NCl 
requires C, 60-5; H, 5-9%) (yield, 85%), freely soluble in water, less 
readily soluble in alcohol. In aqueous or alcoholic solution, on 
addition of ferric chloride, a bluish-green coloration is developed, 
which becomes more intense on heating. 

Free laudanosoline was precipitated as a colourless powder when 
ammonium carbonate was added to a solution of its hydrochloride ; 
the substance was collected, washed, and dried in a desiccator 
(Found: C, 67-5; H, 6-2. C,,H,,0,N requires C, 67-8; H, 6-3%). 
The dry substance is stable in air, but when moist and especially in 
the presence of bases it rapidly becomes discoloured. 

The sulphate has been previously described by Oberlin (loc. cit.), 
who converted the product of the action of aluminium chloride on 
laudanosine into this derivative. Obtained from the above- 
mentioned free laudanosoline. it crystallised from dilute sulphuric 
acid in colourless prisms that soften at 260° and melt at 267° (decomp. ) 
(Oberlin, loc. cit., gives m. p. ca. 230°) (Found in anhydrous 
material: C, 58:2; H, 5-8. Cale. for C,H, 0,.N,8: C, 58-3; 
H, 5:7%). The hydriodide, from the hydrochloride and sodium 
iodide, crystallised from water in colourless prisms that have no 
definite melting point but soften and decompose at about 239° 
(Found: C, 43-7; H, 50. Cj ,H,,0,NI,2H,O requires C, 43-9; 
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H, 51%). The hydrobromide, from the free base and aqueous 
hydrobromic acid, separated from the latter in spear-head-shaped 
crystals, m. p. 230° (Found in anhydrous material : C, 53-2; H, 5-1. 
C,,H.)0,NBr requires C, 53-4; H, 5-2%). 

O-Tetrabenzoyl-laudanosoline (II) was obtained from laudanosoline 
hydrochloride by a method like that used for tetrabenzoylpapaverol- 
ine. The crude product was converted into a picrate in alcoholic 
solution, and this derivative crystallised from ethyl acetate-alcohol 
in yellow tablets, m. p. 212° (Found: C, 64:9; H, 42; N, 61. 
C;,H;,0,;N, requires C, 64:7; H, 4-0; N,5-9%). The same picrate 
was isolated after benzoylation by the Schotten—-Baumann method 
with sodium carbonate and only a few drops of aqueous sodium 
hydroxide. 

A suspension of the picrate in water was agitated with chloroform, 
and sodium carbonate added ; tne chloroform layer was washed with 
aqueous sodium carbonate, dried, and evaporated. The residue 
could not be induced to crystallise and was converted into a hydro- 
chloride, which crystallised from aqueous-alcoholic hydrochloric acid, 
by slow evaporation of the alcohol, in colourless prisms, m. p. 190° 
(anhydrous) (Found in anhydrous material: C, 71:9; H, 5:1. 
C43H3,0,NCI requires C, 71-7; H, 4-8%). 


THE UNIVERSITY OF MANCHESTER. [ Received, January 28th, 1932.] 





103. Preliminary Synthetic Experiments in the 
Morphine Group. Part IV. A Dehydro-derivative 
of Laudanosoline Hydrochloride and its Constitution. 


By Rosrert Rospinson and SHIGEHIKO SUGASAWA. 


Our working hypothesis (compare Part I; J., 1931, 3163) of the 
biogenesis of alkaloids of the morphine group indicated the desir- 
ability of studying the oxidation of laudanosoline (I), because there 
is a possibility of effecting dehydrogenation with formation of 
norglaucine (II). 
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The results described below make it appear improbable that this 
oxidative coupling of the aromatic nuclei can be brought about 
unless the basic function of the nitrogen atom is repressed by 
acylation or by quaternary salt formation, and as a sequel to 
the present investigation enquiries in these directions are in 
progress. 

Laudanosoline is readily oxidisable, but no definite substances 
could be isolated from the products in numerous experiments until 
it was discovered that a relatively smooth oxidation was brought 
about by chloranil applied in alcoholic solution and in the presence 
of potassium acetate. The product was isolated as the acetate or 
chloride and analysis showed that the laudanosoline salt had suffered 
the loss of two hydrogen atoms. 

As this agreed with anticipations, we naturally first tested the 
idea that the substance was norglaucine, but found that exhaustive 
methylation proceeded in an entirely different fashion from that 
characteristic of a member of the glaucine group. A nitrogen-free 
compound could not be obtained and with the aid of a specimen 
of boldine, kindly supplied by Dr. K. Warnat, to whom we are 
greatly indebted, we were able to control our technique and 
had no difficulty in isolating tetramethoxyvinylphenanthrene 
from quite smal! quantities of the alkaloid by exhaustive methy]l- 
ation. 

It then occurred to us that the substance might be a norpavine 
(compare Pyman, J., 1909, 95, 1610; 1915, 107, 176) or a laudano- 
soline derivative containing an ethylenic bond; these suggestions 
were, however, found to be untenable. The course of the exhaustive 
methylation excluded the former idea and the fact that the oxidation 
product could not be reduced, catalytically or otherwise, disposed 
of all formulz containing unsaturated groups. 

The possibility that the methyl attached to nitrogen might have 
taken part in the reaction leading to a base of tetrahydronorber- 
berine type was also considered, but rejected on account of the fact 
that the oxidation product was found to contain methy] attached to 
nitrogen. The result of comparisons of the methylated methiodide 
derived from the oxidation product with authentic specimens of 
tetrahydropalmatine and norcoralydine methiodides showed that it 
differed from these substances. 

The solution of the problem was revealed when it was realised that 
the dehydrolaudanosoline hydrochloride is a quaternary salt and 
that the acetyl derivatives obtained from it (see below) are the 
outcome of more deep-seated changes than simple acetylation of 
the corresponding base. 

Actually the oxidation occurs in accordance with the scheme : 
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This view is justified by a consideration of the properties of the 
oxidation product and of its derivatives, the main points being the 
following :— 

(1) The oxidation product contains NMe and yields an O-tetra- 
methyl ether which is a quaternary salt; the original substance is 
therefore a quaternary salt. 

(2) The course of the exhaustive methylation of the O-tetramethyl 
ether (Hofmann and also Emde methods) showed that the nitrogen 
atom is a member of two ring systems. 

(3) The final product of the Emde degradations was identified 
with that from laudanosine itself; this proved that the carbon 
skeleton remained unchanged. 

(4) Definite indole colour reactions of some of the derivatives 
were observed. 

The oxidation of a tertiary base to a quaternary salt by indole- 
ring closure appears to be novel, but the work of Raper (Biochem. J., 
1927, 89) on the conversion of tyrosine into indole derivatives under 
the influence of tyrosinase provides a close analogy. The intermedi- 
ate products are 3 : 4-dihydroxyphenylalanine (IV) and probably the 
related o-quinone (V); the dihydroindole (VI) then suffers further 
oxidation in two directions leading to true aromatic indole derivatives. 
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In considering the mechanism of the variation of the process 
which we have encountered, the idea that the kationic nitrogen of 
an ammonium salt group can attack a quinonoid or phenolic nucleus 
has no advantages and we are led to the view that the oxidation 
involves a separation of charges in the free base. 

Probably the unshared electrons of the nitrogen atom are donated 








792 ROBINSON AND SUGASAWA: PRELIMINARY SYNTHETIC 


to the quinonoid nucleus and at the same time the latter is reduced 
and a covalency formed between the nucleus and the nitrogen atom. 
The result is a phenol-betaine, and a keto-enol tautomeric change 
must also occur at some stage. 
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The fact that this process can take place with tertiary bases indicates 
that in all similar cases the fundamental mechanism is the reduction 
of a quinonoid nucleus by the unshared electrons of atoms such as 
nitrogen and oxygen. 
The ring-system contained in (III) is derived from a dibenzo- 
dihydropyrrocoline (VII) and the methylated oxidation product 


(iodide) is therefore 2 : 3 : 11 : 12-tetramethoxy-8-methyldibenzotetra- 
hydropyrrocolinium iodide (VIII). 
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When the chloride corresponding with (VIII) was cautiously 
heated, methyl chloride was evolved: the product is no doubt 
tetramethoxydibenzotetrahydropyrrocoline, but on crystallisation 
the melting point rises and tetramethoxydibenzodihydropyrrocoline 
(IX) is produced as the result of oxidation in the air; the mother- 
liquors mixed with methyl iodide afford the iodide (VIII), thus 
proving that the tetrahydro-base is among the products. 

A similar phenomenon was noticed in connexion with the products 
of acetylation of the original oxidation product (III) by means of 
boiling acetic anhydride and pyridine. The results were very 
difficult to understand until it was realised that the process involves 
N-demethylation. The products were a substance C,,H,,N(OAc),, 
m. p. 148°, and a second derivative C,,H,N(OAc),, m. p. 215°. 
Neither could be reduced in the presence of platinum oxide, but the 
more fusible form was converted into the less fusible by this treat- 
ment. The latter gives an intense reaction with Ehrlich’s reagent, 
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whereas the substance, m. p. 148°, gives a feeble reaction. It is 
clear that the lower-melting acetate is to be represented by the 
formula (X) and that the substance, m. p. 215°, is the related true 
aromatic indole derivative (like IX). 


oh OAc 
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This theory was pe confirmed by a direct determination of - 
methyl attached to nitrogen in the derivative, m. p. 215°, which gave 
a negative result. 

The formation of these two acetyl derivatives was used to show 
that the oxidation of laudanosoline (acetate or carbonate) can be 
effected by prolonged exposure of aqueous solutions to light and air. 
The products of the oxidation by means of chloranil were isolated 
in the course of these experiments in yields which must be considered 
very satisfactory under the conditions. 

Thus, if laudanosoline salts occurred in a plant, they would 
probably be converted into the dehydro-derivatives as the result of 
aération. 

There remains for consideration the course of the exhaustive 
methylation of the oxidation product, in which series of processes 
we have employed not only Hofmann’s method but also that intro- 
duced by Emde (Arch. Pharm., 1912, 391, 88) depending on the 
reduction of the quaternary salts in acid solution by means of 
sodium amalgam. 

The methine derived by either method from (VIII) (methosul- 
phate) must have the constitution (XI) rather than the alternative 
(XII), because the product of its dehydrogenation by means of 
palladium exhibits indole-type colour reactions and also because the 
methine in acid solution shows no tendency to revert to the qua- 
ternary salt. On the other hand, Pyman’s large-ring methine-A 
from tetrahydroberberine methohydroxide reverts to the quaternary 
condition with facility (compare J., 1913, 103, 828). A further 
argument tending in the same direction is noted below. Incident- 
ally the methine (XI) is constituted in some respects analogously 
to brucidine and its characteristic reaction with ferric chloride is 
quite similar to that of brucidine. 

The second Hofmann-stage gives the base (XIII), from which the 
nitrogen cannot be eliminated by further methylation. The related 
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methohydroxide loses methyl alcohol when heated and the original 
base (XIII) is recovered. 
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The catalytic reduction of (XI) affords the ss hiebeti (XIV); 
the methine derived from this base is (XV), and like (XIII) it retains 
the nitrogen on further treatment of its metho-salts by the Hofmann 


or Emde process, 
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On the other hand, the application of Emde’s method to the 
metho-derivative of (XIV) furnished reduced methine (XVI), the 
structural relation of which to (XV) was proved by its production 
from the latter substance (or from XIII) by catalytic reduction. 
Neither the Hofmann nor the Emde method succeeds with the base 
(XV), but the Emde-degradation of (XVI) gives about half the 
theoretical amount of the nitrogen-free product (XVII). The 
constitution of this substance was confirmed by its formation by 
catalytic hydrogenation of the tetramethoxyvinylstilbene, 

(MeO),C,H,-CH:CH-C,H,(CH:CH,)(OMe), 
(XVIII), which is the final product of the exhaustive methylation 


of laudanosine. 
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The difference in behaviour exhibited by the quaternary metho- 
salts derived from (XV) and (XVI) is noteworthy and the stabilising 
influence of the unsaturated group in the o-position is probably the 
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result of the increased electron pressure which it effects at the 
aromatic carbon atom joined to nitrogen. 

The degradation (as opposed to decomposition to tertiary base 
and methane) is doubtless initiated by electron-attack (from the 
sodium amalgam) at the nuclear carbon and this tendency is opposed 
by the electromeric process in the polyenoid system including the 
aromatic nucleus and the ethylene linkage of the stilbene group. 

Incidentally the divergence in behaviour of the quaternary salts 
from (XV) and (XVI) would not be explicable if the original methine 
(XI) had the constitution (XII). Itis clear that on such an assump- 
tion (XV) and (XVI) would necessarily have the constitutions 
(MeO),C,H,(NMe,)-CH,°CH,°C,H,(CH°CH,)(OMe), and 

(MeO),C,H,(NMe,)-CH,-CH,-C,H,(CH,-CH;)(OMe),, 
respectively, and it will be agreed that the vinyl group would then 
be too remote from the point of attack of the reducing agent to 
produce the large effect actually observed. 

All conjugative effects are interrupted in this case by two 
methylene groups and only a direct influence through the intervening 
space can be postulated. 


EXPERIMENTAL. 


Laudanosoline Hydrochloride—A certain amount of the salt 
employed was prepared by the method described in the preceding 
communication, but the following modification of Oberlin’s pro- 
cedure (compare Arch. Pharm., 1927, 265,.256) was found to be 
more convenient. 

A mixture of dl-laudanosine (10 g.), powdered aluminium chloride 
(60 g.), and dry xylene (15 c.c.) was heated in an oil-bath at 140— 
150° for 20 minutes, and the temperature finally raised to 180—190° 
for 5 minutes; the mixture was occasionally stirred during the 
progress of the reaction. The product was decomposed with ice 
and hydrochloric acid and distilled in steam, the residual liquid 
treated with charcoal, and the filtered solution concentrated until 
crystals were deposited. On cooling, a grey, sandy, crystalline 
powder (8-5—9 g.) was obtained, which was pure enough for most 
purposes. After crystallisation from dilute hydrochloric acid the 
salt had m. p. 240—242° and was identified with the product 
described in the preceding communication. In order to show that 
the process involves no structural change other than demethylation 
a specimen was treated with methyl sulphate and aqueous potassium 
hydroxide, and the product transformed into the iodide. It proved 
to be identical with dl-laudanosine methiodide. 

2:3:11: 12-Tetrahydroxy-8-methyldibenzotetrahydropyrrocolinium 
Salis (II1).—(A) After a large number of preliminary experiments 
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the following method was adopted : A mixture of potassium acetate 
(1-5 g.), alcohol (50 c.c.), and laudanosoline hydrochloride (5 g.) was 
gently heated on the steam-bath until a clear solution was obtained. 
Chloranil (3-7 g.) was dissolved in hot alcohol (1000 c.c.), and the 
solution cooled with stirring so as to cause a fine crystallisation ; it 
was then added to the cooled laudanosoline solution in a thin stream 
with shaking. 

A reddish-brown coloration appeared on the addition of the 
oxidising agent, but this disappeared rapidly; it probably signified 
the formation of the intermediate o-quinone as in Raper’s experi- 
ments (loc. cit.). Crystallisation of the oxidation product com- 
menced when about half of the chloranil had been introduced and 
towards the end of the operation the initial coloration was more 
persistent and finally the solution had a permanent reddish-brown 
colour. 

After 2—3 hours’ keeping, the grey precipitate was collected and 
washed with water, alcohol and ether. Dilute hydrochloric acid 
was added to the filtrate, which was then evaporated to dryness in a 
vacuum, the residue triturated with alcohol, and the solid collected 
and washed with water. After conversion of the crystalline acetate 
into hydrochloride the total yield amounted to 3—3-5 g. Occasion- 
ally the acetate did not separate and in such cases the whole product 
was worked up as hydrochloride (yield, about 3 g.). 

This hydrochloride is remarkably sparingly soluble, even in boiling 
water, and recrystallisation was effected by solution in hot aqueous 
potassium acetate (charcoal) and addition of an excess of dilute 
hydrochloric acid. Repetition of the process afforded faintly grey, 
microscopic prisms, m. p. 303—305° (Found: C, 58-0; H, 5-9; 
N, 4:0; Cl, 103; NMe, 8-6. C,,H,,0,NCI1,H,O requires C, 57-7; 
H, 5-7; N, 4:0; Cl, 10:0; NMe, 8-2%). The substance is soluble 
in aqueous sodium hydroxide, sodium carbonate or ammonia but 
not in aqueous sodium bicarbonate; the alkaline solutions become 
brown on exposure to air. Addition of ferric chloride to a very 
dilute alcoholic solution produces an intense green coloration, which 
becomes bluer on keeping and is changed to intense reddish-violet 
on the addition of sodium carbonate; later a deep maroon precipit- 
ate is deposited from a colourless solution. 

(B) A solution of laudanosoline hydrochloride (1 g.) and sodium 
carbonate (5 g.) in water (100 c.c.) was placed in an open situation 
and kept for 2 months. The liquid was filtered, acidified with 
hydrochloric acid, and evaporated to dryness under diminished 
pressure. The residue crystallised from dilute hydrochloric acid 
as a grey sandy powder, m. p. 300—303° (yield, 0-3 g.). 

(C) Potassium acetate (0-3 g.) was substituted for the sodium 
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carbonate used in (B). Otherwise the method was identical and 
0-5 g. of the hydrochloride, m. p. 301—303°, was obtained. 

The identity of the products obtained by the three methods (A), 
(B), and (C) was proved by direct comparisons but especially by the 
preparation of the acetyl derivatives, m. p. 148° and m. p. 215°, from 
each specimen. The acetyl derivatives from the different sources 
showed undepressed melting points when mixed. 

2:3:11:12- Tetra - acetoxydibenzotetrahydropyrrocoline (X).—A 
mixture of tetrahydroxymethyldibenzotetrahydropyrrocolinium 
chloride (0-5 g.), acetic anhydride (5 c.c.), and a few drops of pyridine 
was refluxed for an hour. The product was decomposed by crushed 
ice (2—3 hours), and the solid collected, triturated with aqueous 
sodium carbonate, washed with water, and dried (0-5 g.). The 
crude product consisted of two substances readily separable by 
means of ethyl acetate. The substance soluble in this solvent was 
precipitated therefrom by means of light petroleum (b. p. 40—60°) 
and then crystallised from ethyl alcohol (some sparingly soluble 
residue) in needles, m. p. 145—158°. Six recrystallisations effected 
complete removal of the less soluble acetate and furnished colourless 
feathery needles, m. p. 148° with sintering from 144° (Found: C, 
63-8; H, 5-3; N, 3-1; M, by micro-Rast, 500, 485. C,,H,,0,N 
requires C, 63-6; H, 5-1; N, 3:1%; M, 453). This derivative 
is readily soluble in hot alcohol, sparingly so in the cold solvent and 
inether. It is a weak base; a solution in glacial acetic acid gives a 
milky suspension when poured into water, but this is cleared by the 
addition of hydrochloric acid. With Ehrlich’s reagent (p-dimethy]l- 
aminobenzaldehyde in aqueous-alcoholic hydrochloric acid solution) 
this substance gives only a weak reaction, but, on heating, the violet 
colour gradually deepens, probably as the result of oxidation to an 
indole derivative. That the acetylation process does not break up 
the tetracyclic structure of the oxidation product of laudanosoline 
hydrochloride was proved by the conversion of the derivative, m. p. 
148°, into the tetramethoxymethyldibenzotetrahydropyrrocolinium 
iodide mentioned below. 

The acetyl compound (1 g.) was dissolved in alcohol (20 c.c.) on 
the steam-bath and in an atmosphere of hydrogen; alcoholic potass- 
ium hydroxide (3 c.c. of 109%) was added and after 5 minutes’ heating 
5% hydrochloric acid (10 c.c.) was introduced and the liquid 
evaporated under diminished pressure. 

The crystalline hydrochloride sintered at 270° and decomposed 
at about 290°. It was methylated by means of potassium hydroxide 
and methyl sulphate as described below; the iodide derived from 
the product, crystallised from aqueous methyl alcohol, had m. p. 


240—242° (decomp.) and exhibited the same behaviour when mixed 
DD2 
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with authentic tetramethoxymethyldibenzotetrahydropyrrocolinium 
iodide. 

2:3:11;: 12-Tetra- acetoxydibenzodihydropyrrocoline (IX; AcO 
instead of OMe).—The crude product (0-5 g.) of the acetylation 
described in the last section crystallised from ethyl acetate in light 
amber-coloured prisms (0-1 g.), m. p. 213°, and on recrystallisation, 
m. p. 215° (Found: C, 64:2; H, 4-8; N, 3-2; NMe, 0-0; M, by 
micro-Rast, 520, 519. C,,H,,0,N requires C, 63-9; H, 4:7; N, 
3:1%; M,451). When crystallised rapidly, the substance separated 
in leaflets. It is very sparingly soluble in ether and alcohol and 
rather sparingly soluble in ethyl acetate. It exhibits no basic 
properties and with Ehrlich’s reagent it gives an intense bluish- 
violet coloration. The substance is also resistant to catalytic 
hydrogenation and indeed it can be prepared by attempting the 
catalytic reduction of the acetate, m. p. 148°. This dehydrogenation 
was, however, more conveniently carried out by boiling an alcoholic 
solution of the acetate, m. p. 148°, in which platinum-black, prepared 
from platinum oxide, was suspended. Leaflets began to separate 
after 5 minutes and after 30 minutes the liquid was cooled and the 
solids were collected and extracted with boiling ethyl acetate. The 
acetate, m. p. 214—215° (Found: C, 64-3; H, 4:7; N, 3-4%), was 
thus isolated in almost theoretical yield. Identity with the product 
of the acetylation was established by the undepressed melting point 
of the mixed specimens. 

The benzoylation of the laudanosoline hydrochloride oxidation 
product by Einhorn’s method and also the action of diazomethane 
on a methyl-alcoholic suspension of the substance did not afford 
crystalline derivatives, 

2:3: 11: 12-Tetramethory-8-methyldibenzotetrahydropyrrocolinium 
Salts (VIII).—The hydrochloride (III) (0-5 g.) was suspended in 
water (ca. 3 c.c.) under hydrogen, aqueous potassium hydroxide 
(5 c.c. of 33%) added, and the mixture shaken until a clear solution 
resulted. Pure methyl sulphate (3 c.c.) was then introduced and 
vigorous agitation continued for about 10 minutes; a rather sudden 
reaction then occurred. Further quantities of aqueous potash and 
methyl sulphate equal to those already used were added and after 
2—3 minutes the product began to separate. Finally, third portions 
of the reagents were added and when the reaction had subsided the 
product was precipitated by the addition of aqueous potash (15 c.c. 
of 33%). After several hours’ keeping, the methosulphate was 
collected and dried in a desiccator (0-7 g., m. p. 222—226°) without 
having been washed. This salt and also the chloride show the 
behaviour of quaternary salts and do not give precipitates on the 
addition of ammonia to their aqueous solutions; moreover, no base, 
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soluble in organic solvents, is produced on the addition of caustic 
alkalis. 

The related iodide, prepared by double decomposition with 
sodium iodide in aqueous solution, crystallised from aqueous methyl 
alcohol in colourless prisms which became yellow in the air without 
alteration of the m. p., 242—243° (decomp.) (Found: O, 51-1; 
H, 5-6; N, 2-5; I, 26-1; MeO, 25-9; NMe, 5-5. C,,.H,,0,NI,3-5H,O 
requires C, 51-2; H, 5-5; N, 2-9; I, 25-8; 4MeO, 25:7; NMe, 6-0%). 

2:3: 11: 12-Tetramethoxydibenzodihydropyrrocoline (IX).—The 
iodide described in the last section was converted into the chloride 
by means of silver chloride in aqueous methyl-alcoholic solution. 
On concentration of the filtered solution, the salt was obtained as a 
white crystalline powder, m. p. 225° (decomp.). The dry chloride 
(0-5 g.) was slowly heated by means of a bath of sulphuric acid and 
under diminished pressure; effervescence began at 215°. After 
heating at 220° for 10 minutes and at 225° for a further 2—3 minutes, 
the product was dissolved in hot methyl alcohol and, on cooling, 
light yellow crystals (0-2 g.), m. p. 100—115°, separated. On 
recrystallisation the substance became more sparingly soluble and 
after three crystallisations it was obtained in plates, m. p. 180—187°. 
This material was now too sparingly soluble in methy] alcohol for 
convenient recrystallisation, and it was crystallised twice from ethyl 
acetate, forming microscopic yellow plates, m. p. 201—203°, un- 
changed by further crystallisation (Found : C, 70-5; H, 6:3; N, 4-3. 
C,,H,,0,N requires C, 70-8; H, 6-2; N, 41%). The substance is 
not a base and it develops a very intense, pure royal-blue coloration 
when treated with Ehrlich’s reagent in cold alcoholic solution. 

From an experiment with the specimen, m. p. 180°, it was found 
that the substance does not react with methyl iodide, but the first 
methyl-alcoholic mother-liquors from the crystallisation of the 
original crude product were mixed with methyl iodide and, on 
keeping, a substance gradually separated in colourless prisms, m. p- 
242—244° (decomp.). This was identified with tetramethoxy- 
methyldibenzotetrahydropyrrocolinium iodide by direct comparison 
and by the m. p. 242—244° (decomp.) of a mixture with an authentic 
specimen. 

It is evident that the decomposition of the methochloride pro- 
ceeded normally with formation of tetramethoxydibenzotetrahydro- 
pyrrocoline, which is basic and can betransformed into its methiodide, 
but that this dihydroindole derivative is oxidised by air in the 
course of crystallisation. It is thus much less stable than the 
corresponding tetra-acetoxy-compound described above (m. p. 148°). 
Furthermore, both these tetracyclic substances are far more readily 
oxidised than the methines (see below), which also are dihydroindoles. 
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5 : 6-Dimethoxy - 2 - (3’ : 4’- dimethoxy -6'-vinylphenyl)-1 - methyldi- 

hydroindole (X1).—(A) The crude methylated methosulphate (0-5 g.) 
of the form (VIII) was dissolved in hot water (10 c.c.), and the 
solution filtered, mixed with aqueous potassium hydroxide (30 c.c. 
of 33%), and heated (oil-bath at 120—130°) for 1-5 hours; a brown 
oil then floated on the surface. After cooling, this was isolated by 
means of ether; the substance crystallised from methyl alcohol 
(yield, 0-3—0-35 g.; m. p. 124—125°), ultimately in colourless 
aggregates, m. p. 126—127° (Found: C, 71:0; H, 7:3; N, 41; 
MeO, 35-2. C,,H,,0,N requires C, 71-0; H, 7-0; N, 3-9; 4MeO, 
349%). The methine is readily soluble in most organic solvents 
with the exception of light petroleum ; it is a rather weak base, being 
precipitated from its solution in glacial acetic acid by the addition 
of water. It does not yield a methiodide in methyl-alcoholic solution. 

When the base was dissolved in acetic acid and a little 0-5%, 
hydrochloric acid, the solution diluted, and ferric chloride added, a 
deep olive-green coloration with a pink dichroism (not so clear as 
that due to brucidine under similar conditions) was produced. The 
action of excess of the reagent is to change the colour to brownish- 
yellow and then orange. These changes resemble very closely those 
obtained with brucidine, but apparently in the latter case the green 
colour is more stable. On keeping, or on warming, the ultimate 
results are practically identical. 

A pure specimen gave an entirely negative result with Ehrlich’s 
reagent in the cold and a faint dull violet on heating. However, 
when the base (0-02 g.) was heated with palladium-black (0-1 g.) at 
195—200° for 30 minutes, the product gave a deep dull magenta 
coloration with Ehrlich’s reagent in the cold and the colour became 
bluer and brighter on heating. The dehydrogenation of this 
dihydroindole derivative is by no means so easily accomplished as 
in the cases of the tetracyclic substances mentioned above. It occurs 
in the cold to some extent, however, because the crude product of 
catalytic hydrogenation under ordinary conditions exhibits the 
indole colour reaction. 

(B) The Emde degradation of the methylated methosulphate 
(0-5 g.) was accomplished by solution in hot water (15 c.c.) and 
treatment with 5% sodium amalgam (5 g.) on the steam-bath for 
2 hours. A further equal quantity of the amalgam was added and 
the heating continued for 3 hours. The product (0-3 g.), crystallised 
from methyl alcohol, melted at 125—127°, alone or mixed with 
the product of the Hofmann elimination. 

5 : 6 - Dimethoay - 2 - (3’ : 4'- dimethoxy -6’-ethylphenyl)- 1 - methyldi - 
hydroindole (XIV).—The methine (0-5 g.), dissolved in alcohol 
(20 c.c.), was hydrogenated in presence of platinum oxide—platinum 
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black : reduction ceased when 40 c.c. (theory, 32 c.c.) of hydrogen 
had been absorbed. The filtrate from the catalyst was evaporated ; 
the residue crystallised from alcohol in colourless prisms (0-4 g.), 
m. p. 92—93° (Found: C, 70-6; H, 7-7; N, 40. C,,H,,0O,N 
requires C, 70-6; H, 7-5; N,3-9%). This dihydro-derivative is a 
stronger base than the methine (XI) from which it was derived. 
It gives an intense magenta coloration with Ehrlich’s reagent, but 
this is due to a trace of impurity and a recovered specimen of the 
substance gave a much weaker reaction. 

6-Dimethylamino-3 : 4 : 3’ : 4'-tetramethoxy-6'-vinylstilbene (XIII). 
—Methyl] sulphate (1 g.) was added to a solution of the methine 
(XI) (0-5 g., m. p. 127°) in dry benzene (15 ¢.c.), and the mixture 
heated on the steam-bath for 2 hours, The separation of the metho- 
sulphate in slender needles was completed, after cooling, by the 
addition of ether.* The salt was collected and dissolved in hot 
water (5 c.c.), and aqueous potassium hydroxide (20 c.c. of 40%) 
added; the whole was then heated on the steam-bath for 5 hours 
(no volatile base was evolved). The product, isolated by means of 
ether, crystallised from methyl alcohol in greenish-yellow rhombic 
plates (0:25 g.), m. p. 109—110° after slight previous softening 
(Found: C, 71-6; H, 7-6; N,40. C,.H,,O,N requires C, 71-5; 
H, 7:3; N, 38%). 

Examination of the ethereal solution (*) led to the recovery of 
unchanged methine, m. p. 127°... When the methosulphate of the 
new base m. p. 110°, was heated with potash, no trimethylamine 
was produced and the original base was recovered. 

Reduction of the methosulphate of the methine (XI), m. p. 127°, 
by means of sodium amalgam furnished a base, m. p. 61—66°, 
which was not further investigated but was doubtless tetramethoxy- 
dimethylaminovinyldiphenylethane. 

6-Dimethylamino-3 : 4 : 3’ : 4'-tetramethoxy-6’-ethylstilbene (XV).— 
A mixture of the dihydromethine (XIV) (0-7 g.), pure methyl 
sulphate (1-5 g.), and benzene (10 c.c.) was heated on the steam-bath 
for 2 hours, cooled, and dry ether (30c.c.) added. The pasty metho- 
sulphate was separated, washed with fresh ether, and dissolved in 
water (5 c.c.). The solution was mixed with aqueous potassium 
hydroxide (20 c.c. of 40°) and heated for 4 hours in a boiling water- 
bath. The oil was taken up in ether, and the extract washed with 
dilute hydrochloric acid ; the hydrochloride then separated in 
colourless crystals and was collected. The base, liberated from this 
salt and isolated by means of ether, crystallised from methyl alcohol 
in small colourless needles (0-5 g.), m. p. 123—124° (Found : C, 71-0; 
H, 7:8; N, 3-9; MeO, 33-1; NMeg, 11-4. CygHg,0,N requires C, 
71-2; H, 78; N, 3-8; 4MeO, 33-4; NMe,, 11-99%). The metho- 
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sulphate of this base was readily obtained, but when it was heated 
with aqueous potassium hydroxide, no trimethylamine was produced 
and the original substance, m. p. 123—124°, was recovered. The 
same result was obtained when the methosulphate was reduced by 
means of sodium amalgam : as pointed out in the Introduction, this 
behaviour is in striking contrast to that of the related diphenylethane 
derivative, which gives a non-nitrogenous product in Emde’s reaction. 

6 - Dimethylamino-3 : 4 : 3’ : 4'- tetramethoxy - 6’- ethyl - a8 - diphenyl - 
ethane (XVI).—This substance has been obtained by applying the 
Emde method to the base (XIV) and by catalytic reduction of the 
bases (XIII) and (XV). 

(A) The dihydromethine (XIV) (1 g.) was converted into its 
methosulphate in benzene solution as in other cases and the product, 
dissolved in water (25 c.c.), was reduced by means of 5% sodium 
amalgam (5g.). After 2 hours’ heating on the steam-bath, a further 
quantity (5 g.) of sodium amalgam was added, and the heating 
continued for 3 hours more with occasional shaking. The oil that 
separated was taken up in ether and removed from the extract by 
washing with dilute hydrochloric acid ; on keeping, the hydrochloride 
separated in colourless prisms, m. p. 130—131°, apparently homo- 
geneous. 

The base liberated from this salt and collected by means of ether 
crystallised from aqueous methy]! alcohol in aggregates of colourless 
needles (0-4 g.), m. p. 63—64°, and on recrystallisation, m. p. 65° 
(Found: C, 71-0; H, 8-3; N, 4-2; MeO, 32-8. C,,.H,,0,N requires 
C, 70-8; H, 8:3; N, 3-8; 4MeO, 33-2%). 

(B) and (C). The catalytic reduction of the bases (XITI) and (XV) 
was accomplished in alcoholic solution with a platinum oxide- 
platinum-black catalyst under the usual conditions at room tem- 
perature. Hydrogen was absorbed very slowly and the reduction 
of (XIII) occupied not less than 20 hours. In both cases the base 
was isolated by evaporation of the alcoholic filtrate from the catalyst 
and crystallisation from aqueous methyl alcohol; the respective 
products had m. p. 63—-64° and m. p. 64—65° and mixtures of these 
specimens with one obtained as under (A) melted at the same 
temperatures. In every respect the substances were found to be 
identical. 

3:4:3': 4'-Tetramethory -6' -ethyl-aB-diphenylethane (XVII).— 
The foregoing base (XVI) (1 g.) was converted into its methosulphate 
in the usual manner, and the reduction with sodium amalgam carried 
out under exactly the same conditions and with the same quantities 
as in the process described in the last section under (A). The 
formation of a volatile base was observed when the temperature 
reached 60°, and the amine was collected in dilute hydrochloric acid. 
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The oil was taken up in ether, and the solution washed well with 
dilute hydrochloric acid to remove any recovered base; the neutral 
compound, remaining in the ether, crystallised from aqueous methyl 
alcohol (yield, 0-3 g.) and then from aqueous acetic acid in elongated, 
thin, colourless plates, m. p. 78° (Found : C, 72-6; H,7-9. CypHs,0, 
requires C, 72‘7; H, 79%). About half of the original substance 
(0-5 g., m. p. 62—63°) was recovered from the acid washings and 
after crystallisation it was identified with an authentic specimen. 
The volatile base was converted into the chloroaurate, which 
crystallised from dilute hydrochloric acid in yellow fern-like crystals, 
decomposing at 248—250° (Found: Au, 49-0. Calc. for 
NMe,,HAuCl,: Au, 49-4%). 

In order to confirm the constitution of the neutral product we have 
prepared it from dl-laudanosine, which, by a two-stage Hofmann 
degradation, yields tetramethoxyvinylstilbene (XVIII). We found 
the substance had the melting point and other properties assigned to 
it by Decker and Galatty (Ber., 1909, 42, 1183). 

On hydrogenation by the Adams method it absorbed exactly the 
theoretical volume of hydrogen (2 mols.) without difficulty and 
afforded a substance crystallising from dilute acetic acid in thin 
plates, m. p. 78° alone or mixed with the specimen obtained as 
described above. 

3 : 4-Dihydropapaverine Methiodide.—In the course of our work it 
was thought necessary to examine the behaviour of the dihydro- 
papaverine derivatives. 

According to Pictet and Finkelstein (Ber., 1909, 42, 1988) dihydro- 
papaverine methiodide constitutes “eine rotgelbe firnissartige 
Masse.” 3: 4-Dihydropapaverine synthesised by the method of 
these authors was heated in methyl-alcoholic solution with an excess 
of methyl iodide for 4 hours on the steam-bath. The methiodide 
separated when the solution was kept in the ice-chest and crystallised 
from methyl alcohol in yellow rhombic plates, m. p. 191—193° with 
slight previous softening (Found : C, 51-8; H, 53; N, 2-8; I, 26-2. 
C,,H,,0,NI requires C, 52-2; H, 5-4; N, 2-9; I, 263%). 

dl-T'etrahydropalmatine Methiodide—This substance was also 
prepared for the purpose of making comparisons. The first method 
followed was that of Spith and Lang (Ber., 1921, 54, 2073) in which 
tetrahydroberberine is heated with methyl-alcoholic potassium 
hydroxide at 180° for 25 hours, and the product methylated. The 
methiodide which we obtained in this way crystallised from methyl 
alcohol in pale yellow crusts, m. p. 215°, whereas the melting point 

of the product.obtained by Spith and Lang was 245° and Haworth, 
Koepfli, and Perkin obtained «- and 8-forms of the methiodide, 
m. p.’s 230° and 266° respectively (J., 1927, 2261). 
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Applying the second method of Spaith and Quietensky (Ber., 1925, 
58, 2270) for the conversion of berberine into palmatine, we obtained 
the methiodide in small, yellow, rhombic pillars which decompose at 
261—263°. Spith and Quietensky (loc. cit.) attribute the m. p. 
245° to this product also. It appears to us that the second method 
furnishes the -form of the expected methiodide, but the first, at 
least in our hands, has given something different. Actually the 
action of methyl-alcoholic potassium hydroxide on a methylene- 
dioxy-group frequently gives rise to a methoxymethy] ether as in 
the case of isosafrole : 


0” \CH:CHMe ™°°*,  MeO-CH,-0/ \CH:CHM 


A further investigation of the anomaly is in progress. 

Penta-acetyltetrahydropapaverine.—Spith (Ber., 1929, 62, 1027) 
obtained satisfactory results in the reduction of methylpapaverine 
by an electrolytic method, but we have been unable to apply the 
process of reduction at a lead cathode (90 cm.?) by a current of 
7—7-5 amps. in 25%, sulphuric acid to papaverine itself with any 
satisfactory outcome. The yield of tetrahydropapaverine was only 
about 20—25%. The reduction by Pyman’s method (J., 1909, 95, 
1610) was found to proceed exactly as described. The method of 
demethylation employed by Pyman is an excellent one, but in order 
to avoid the use of sealed tubes we adopted the following process, 
although the yield was somewhat inferior. 

A mixture of tetrahydropapaverine (10 g.), dry xylene (25 c.c.), 
and powdered aluminium chloride (55 g.) was heated (oil-bath) : the 
reaction started when the temperature reached 120°. The mixture 
was maintained at 140—150° for 15 minutes and then at 170° for a 
few minutes and occasionally shaken. After cooling, the mass was 
decomposed by crushed ice, the xylene removed by steam-distil- 
lation, and the solution filtered (charcoal) and concentrated to 
crystallisation (yield, 7—8 g.). The salt crystallised from 10% 
hydrochloric acid in nearly colourless rhombic plates, m. p. 278— 
280° (Pyman, loc. cit., gave m. p. 291—293° corr.) (Found: C, 58-8; 
H, 5°6; N, 4-2; Cl, 11-5. Cale. for C,,H,,0,NCl: C, 59-3; H, 5-6; 
N, 4:3; Cl, 110%). A mixture of the hydrochloride (5 g.), acetic 
anhydride (20 c.c.), and pyridine (1 ¢.c.) was boiled for 1 hour; the 
product (6 g.), isolated in the usual manner, crystallised from aqueous 
acetic acid in aggregates of colourless needles, m. p. 109—110° with 
sintering a few degrees lower (Found: C, 62-6; H, 5-6; N, 3-0. 
CygH2,0,N requires C, 62-8; H, 5-4; N, 2:8%). This derivative is 
readily soluble in most organic solvents but is sparingly soluble in 
ether and very sparingly soluble in light petroleum. 
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The penta-acetyltetrahydropapaverine was converted into a 
substance believed to be N-acetyltetrahydropapaverine by hydro- 
lysis with aqueous-alcoholic potassium hydroxide in an atmosphere 
of hydrogen. The product had the anticipated properties but 
unfortunately could not be crystallised; it was devoid of basic 
properties. This substance was treated with chloranil in alcoholic 
solution, but it was not readily attacked by this oxidising agent. 
Very little change occurred in the cold and, on heating, a brown 
solution was obtained and no definite products could be isolated. 

Other substances which are not readily or smoothly oxidised by 
chloranil are laudanosine, pseudolaudanine narcotine, and even 
tetrahydropapaveroline. 

The investigation is being extended to other types of phenolic 
alkaloids of the isoquinoline group. 

Tur Dyson Prerrins LABORATORY, 

THE UNIVERSITY OF OXFORD. [Received, January 28th, 1932.] 





104. The Component Glycerides of Partially Hydrogen- 
ated Fats. Part I. The Alterations in Glyceride 
Structure produced during Progressive Hydrogenation 
of Olive and Cottonseed Oils. 


By Tuomas Percy Hinpitcw and EpwIn CHARLES JONES. 


THE degree of similarity in physical and other properties between 
hydrogenated fats and natural fats (in substitution for which, or 
for mixtures thereof, the hydrogenated materials are at present 
widely used) depends (i) on the extent to which the component 
fatty acids in both classes are alike and (ii) on the manner in which 
these acids are combined to form the mixture of glycerides in either 
case. In addition to defining the general structure of hydrogenated 
fats at various stages of saturation, study of their component 
glycerides has provided opportunities for tracing the course of 
catalytic hydrogenation within the triglyceride molecule more closely 
than has been possible in former investigations, in which observ- 
ations were confined to the changes in the component fatty acids 
as a whole, without reference to their mode of combination in the 
glycerides. 

The choice of material for this investigation was determined by 
the suitability of the component fatty acids of a given oil for 
examination by the methods to be described. Thus, olive oil, 
which is rarely if ever hydrogenated on a technical scale, was chosen 
because of its comparatively simple structure and because it contains 
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a large amount (at least 60%) of tri-unsaturated glycerides (a 
considerable proportion of which is triolein). Later, when the 
results obtained from hydrogenated olive oil indicated that it. would 
be instructive to commence from a fat which originally contained 
substantial proportions of a saturated acid (other, of course, than 
stearic), cottonseed oil (which contains over 20% of saturated 
acids, almost the whole of which is palmitic acid) offered a suitable 
starting point. 

The glyceride structures of the partially hydrogenated fats which 
were prepared from these two sources were studied by means of 
the method proposed by one of us and Lea (J., 1927, 3106), which 
provides a means for the quantitative estimation of the fully- 
saturated glycerides of a fat by oxidising a weighed quantity in 
acetone solution with potassium permanganate. The unsaturated 
glycerides are attacked at the ethylenic linkings and converted into 
acidic derivatives, but saturated acid groups are unaltered. Con- 
sequently, since any triglyceride molecule which contains one or 
more unsaturated acid radicals is transformed into an acidic product 
of oxidation, the alkali salts of which are water-soluble, it is prac- 
ticable to isolate the unattacked, neutral, fully-saturated triglyceride 
components of the fat. By using, in conjunction with this pro- 
cedure, the ester-fractionation method for the analysis of the 
mixtures of fatty acids present (i) in the fully-saturated triglycerides 
and (ii) in the fats as a whole, the general constitution of the series 
of partially-hydrogenated products from each oil has been 
determined. 

It has been shown (Collin and Hilditch, Biochem. J., 1929, 23, 
1273) that in vegetable seed-fats the occurrence of fully-saturated 
glycerides is negligible until the molar amount of saturated acids 
in the combined acids of the whole fat approaches 60% and that, 
when higher proportions of saturated acids than this are present, 
the amount of fully-saturated glycerides is such that, in the remain- 
ing mixed saturated-unsaturated glycerides, the molar proportion 
of saturated acids is again in the neighbourhood of 60%. In other 
words, if the relations between saturated and unsaturated acids 
may be taken as indicative of those between any pair of component 
fatty acids, the latter are distributed amongst the glycerol molecules 
in more or less even fashion, so that, if the total proportions of the 
component acids concerned permit, the tendency is to form mixtures 
of mixed glycerides in which (if R and r respectively represent the 
more and the less abundant acy] residues) there are about 4 glyceride 
molecules R,r to one of Rr,. 

The structure of butters (Hilditch and Sleightholme, Biochem. J., 
1931, 25, 507), tallows (Banks and Hilditch, ibid., p. 1168), pig body- 
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fats and other animal fats, as well as of vegetable mesocarp fats 
such as palm oil (Hilditch and Jones, J. Soc. Chem. Ind., 1930, 49, 
3637), is quite different. In these fats the molar proportion of 
fully-saturated glycerides increases in a regular manner following 
corresponding increase in the proportion of saturated to unsaturated 
acids as a whole; the relation between fully-saturated glycerides 
and total molar proportion of saturated to unsaturated acids in 
this group is somewhat, but not exactly, similar to that for tri- 
glycerides prepared by heating glycerol with a mixture of saturated 
and unsaturated acids, or to that wherein fully-saturated glyceride 
content varies as the cube of the total molar percentage of saturated 
acids in the fat (Bhattacharya and Hilditch, Proc. Roy. Soc., 1930, 
A, 129, 468). 

Of the vegetable oils now studied, olive oil is a mesocarp fat and 
contains about 14% (mols.) of saturated acids in its mixed fatty 
acids; it has a very small content (2%) of fully-saturated glycerides, 
but definitely more than would be expected from a seed-fat of the 
same total saturated : unsaturated acid ratio. Cottonseed oil, on 
the other hand, is a seed-fat with a total molar proportion of 27% 
saturated acids for the fat as a whole, but it contains less than 1% 
of fully-saturated glycerides (Hilditch and Lea, loc. cit.). In both 
oils all the remaining saturated acids are linked with unsaturated 
acids in the form of mixed glycerides, the composition of the latter 
probably approximating to that given by the “ even-distribution ” 
rule described above. 

The amount of fully-saturated glycerides in a fat being deter- 
mined, it is possible to give the limits between which must lie the 
amounts of either of the following classes of glycerides: mono- 
unsaturated-disaturated, di-unsaturated-monosaturated, and tri- 
unsaturated. Accordingly, the olive oil used in these experiments 
must have contained between 63 and 80%, and the cottonseed oil 
between 21 and 60%, of tri-unsaturated glycerides; if, as is exceed- 
ingly probable, there is considerable tendency towards “ even- 
distribution,” the actual value will lie in each case much nearer to 
the lower than to the upper limit suggested. The above statements 
summarise our present knowledge of the general glyceride structure 
of each of the materials on which this study is based. 

Details of the experimental results are collected in Tables I and 
II. These tables show (i) the iodine value of each fat examined ; 
(ii) the component fatty acids present in the whole fat (in cases 
marked with a dagger, these figures are calculated from the 
observed fall in iodine value in conjunction with the analysis of the 
mixed fatty acids of the original oil; in all other cases they represent 
the results of individual analyses); (iii) the percentage of fully- 
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TABLE I. 
Hydrogenated olive oil. 
Todine value  ......seseesesevee 83-6* 61-4 50-2 37-6 31-7 20-1 11-9 
Composition of fatty acids in whole fat : 
Ss 1-1 lilt lt 1-4 lif — 1-lf 
EE ‘ccccsassesscarsdheses 9-7 9-7 9-7 11-1 9-7 10-1 9-7 
BERG «sith Bedssie eke 10 183 31-4 444 53-1 68-1 76-0 
DREEEG Scctnitroepedingeieees 0-9 0-9 0-9 0-8 0-9 0-4 0-9 
Oleic and isooleic ......... 79-8 70:0 569 42:3 35-2 21-4 123 
EAN  Secidiicckecdb edicts 75 — _— — — -— — 
% fully-saturated glycerides 2 38 11-1 243 30-1 45:2 67-2 
Composition of fatty acids in fully-saturated glycerides : 
BEGUN | oiasebicsitecocvesiss as — 3:2 — 1-4 
Se ene ee 100-0 344 376 319 343 26-9 
EE, ttihanspshemesaceianeees oe 65-6 62-4 64:9 65-7 70-3 
PP ere — — — — — 0:8 
Hydrogenated cottonseed oil. 
Iodine value ......... 103-4* 63:1 49-6 42:8 29-8 20-1 13-2 5-1 
Composition of fatty acids in whole fat : 
Myristic  ........0006 3°3 1-8 3-3 3-3 3-3 3-3 33f 3-3f 
Palmitic  .......0c00- 199 180 199 199 199 199 19-9 19-9 
TES 1-3 95 193 27-2 425 53:8 619 71-2 
Arachidic ............ 0-6 0-8 0-6 0-6 0-6 0-6 0-6 0-6 
Oleic and isooleic... 29°6 686 56-9 490 33-7 224 14-3 5-0 
SET" tesvtarsnces 45:3 1:3 —- -— _ —- — — 
% fully-saturated 
glycerides ............ <l 1-5 73 15:7 33:7 43-9 644 87-4 
Composition of fatty acids in fully-saturated glycerides : 
Myristic  .........4.. — — 0-5 — -— — — — 
RASA 100:°0 36-8 35:9 345 31:3 29-4 28-7 27-1 
WOUND scvovcstccececs = 63-2 57:3 65-5 658 68-6 71-3 72-9 
Arachidic (?) ...... a -— 63 — 2-9 20 — -— 


* Original oil before hydrogenation. 
+ Calculated from iodine value of fat and analysis of original oil. 


saturated glycerides; and (iv) the component fatty acids present 
in the latter.* Table I shows the percentages by weight as deter- 
mined, whilst Table II gives the corresponding data in the form of 
molar percentages : it is essential to discuss variations in glyceride 
composition on a molar or equivalent basis in view of the varying 
molecular size of the component acyl radicals. 


* The small proportions of myristic acid calculated to be present from the 
ester-fractionation analyses of the original oils were usually found to be much 
reduced, or even absent, after hydrogenation, and little or no myristic acid 
was observed in any of the fully-saturated glycerides. It is therefore possible 
that when minor proportions of myristic acid have been recorded in certain 
natural fats, at least part of this figure really represents palmitic acid con- 
taminated by traces of esters of-low molecular weight which are not derived 
from glycerides. 
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Tase II. 
: Hydrogenated olive oil. 
Todine value .....csssssesreves 83-6* 61-4 50-2 376 31:7 20-1 11-9 
Composition of fatty acids in whole fat : 
BRIG | nccccccoecdctiaonatbe 14 13¢ 13 = 1-7 13, — 1-4f 
BENE) ps occoccesicipacachde 106 106 106 12:0 106 i111 106 
TTT TC ert 10 18-0 30-9 43-7 52:4 67:3 76-0 
BORAGE 5 6010s oncizedisdsecéic 0-8 0-8 0-8 0-7 0-8 0-3 0°8 
Oleic and isooleic .,....... 78-7 69:3. 56-4 41-9 349 21-4 12-2 
SAGO |. occcscccccdwsigecceve 75 — = ss —_— — _ 
% fully-saturated glycerides 2:0 40 11:2 25:5 308 46:5 67:5 
Composition of fatty acids in fully-saturated glycerides : { 
UND  sdcasscceccsacdbeles 100-0 36°83 40-0 37-6 36:8 30°8 
DOOR) Kid. .rcccscscivedsovedic — 632 60-0 62-4 63-2 69-2 
Hydrogenated cottonseed oil. 
Todine value ......... 103-4* 63-1 49-6 42:8 29-8 20-1 13:2 5&1 
Composition of fatty acids in whole fat : 
Myristic ............ 40 22 40f 40 407 40 4:0f 4-07 
BIND: ssscensseses 21-4 194 21-4 21:4 21-4 21-4 21-4 21-4 
ONES cccnccssenspese 1-2 9-3 18:7 26-3 41-2 52:2 60:1 693 
Arachidic ............ 0°5 0-7 0°5 0°5 0°5 0:5 0-5 0-5 
Oleic and isooleic... 28-7 67-1 55-4 47:3 32:9 219 140 48 
Linoleic ............ 44-2 13 = — — — —_ — —_ 
% fully-saturated 
glycerides ............ <i 15 71 159 33:5 440 65:3 87:7} 
Composition of fatty acids in fully-saturated glycerides :} 
i een 100-0 392 39-1 36:9 33-7 31:7 30-9 29-2 
GORTED scnccesscossese — 60°83 60-9 63-1 - 66-3 68-3 69-1 70-8 


* Original oil before hydrogenation. 

+ Calculated from iodine value of fat and analysis of original oil. 

t Myristic acid, in the few cases in which this acid was indicated by the 
fractionation results, has been included with the palmitic acid figure, and 
similarly, the small, occasionally recorded amounts of arachidic acid have 
been included with the stearic acid figures. 


The limits within which the molar percentages of the three classes 
of glycerides containing unsaturated radicals may lie (in conformity 
with the observed molar content of fully-saturated components) 
are shown for each hydrogenated fat in Table III. This table also 
correlates the rate of increase in the fully-saturated glyceride 
contents with the increasing proportions of saturated acids in the 
fat as a whole during the progress of hydrogenation. 

Owing to the selective action whereby linoleic groups are very 
largely converted into oleic or isooleic groups before the latter are 
further hydrogenated (compare Hilditch and Moore, J. Soc. Chem. 
Ind., 1923, 42, 15r), little increase in the total amount of saturated 
acids, and consequently no appreciable addition to the fully- 
saturated glycerides, takes place until linoleo-glycerides have almost 
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Tasre III. 

Satd. Mono-unsatd.- Di-unsatd.- J 
Tod. acids, F.S.G., disatd. monosatd. Tri-unsatd. 
val. %. %. glycerides, %. glycerides, %. glycerides, %. 

Hydrogenated olive oil. 
83-6 13-8 2 17-7—0 0—35-4 80-3—62-6 
61-4 30-7 4 40-1—0 0—80-1 56-0—15-9 
50-2 43-6 11-2 48-6—8-4 0—80-4 40-2—-0 
37-6 58-1 25-5 48-9—23-3 0—51-2 25-6—0O 
31-7 65-1 30-8 51-5—33-7 0—35-5 17-7—0 
20-1 78-7 46°5 48-3—43-1 0—10-4 5-2—0 
11-9 87-8 67-5 30-5—28-4 0—41 2-0-—0 
0 100-0 100 oe on — 
Hydrogenated cottonseed oil. 

103-4 27-1 <i 39-1—0 0—78-3 59-9—20-7 
63-1 31-6 1-5 45-1—0 0—90-3 53-4—8-2 
49-6 44-6 71 56-3—19-6 0—73°3 36-6—0 
42-8 52-2 15-9 54-5—24-8 0—59-3 29-6—0 
29-8 67-1 33°5 50-4—33°3 0—33-2 16-1—0 
20-1 78-1 44-0 51-2—46-3 0—9-7 4:8—0 
13-2 86-0 65-3 31-0—27-4 0—7°3 3-7—0 

5-1 95-2 87-7 10-8—10-2 0—2:-1 1-5—0 
0 100-0 100 — — —_ 


disappeared. The proportion of linoleic acid in olive oil is not large, 
but in cottonseed oil it forms about 45% of the total acids, and 
reduction in iodine value from 103-4 to 63-1 leaves a fat the com- 
ponent acids of which (from the direct analysis, Table II) still con- 
tain 1:3% (mols.) of linoleic acid, the saturated acids having 
increased by only 4:5%. 

After the linoleo-glycerides have disappeared, steady increase in 
the total saturated acids commences, but development of fully- 
saturated glycerides is relatively slow until towards the final stages 
of hydrogenation. The data in the last column of Table III 
indicate, indeed, that (whatever may be the actual content of tri- 
unsaturated glycerides) trioleins * at first disappear much more 
rapidly than fully-saturated components are produced, so that, 
in the earlier stages, the predominating action is conversion 
of trioleins into oleostearins, This observation discloses a pre- 
viously unnoticed, but somewhat important, feature of the 
hydrogenation process, namely, that a molecule of triolein, adsorbed 
by nickel, is desorbed as soon as a single oleic group has undergone 
hydrogenation, so that direct transformation of molecules of triolein 
into tristearin at one and the same contact with the catalyst does 
not oceur. A single unsaturated centre only is involved in each 
effective contact between catalyst and a triolein molecule. 

There is good reason to suppose, as already mentioned, that the 


* I.e., the mixture of oleic and ésooleic triglycerides present after hydrogen- 
ation of the tri-unsaturated (oleic-linoleic) glycerides in the original oils. 
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mixed glycerides in both oils will conform to a large extent to the 
“evenly distributed” type and, in this case, the amounts of 
trioleins present at any stage will be much nearer to the lower than 
to the higher possible limits. It is therefore probably safe to 
assume (in the absence of an exact experimental means of determin- 
ation of fully-unsaturated glycerides) that by the time the iodine 
value of either fat has been reduced to below about 40—45, trioleins 
will have completely disappeared. When triolein is absent, it 
becomes possible to give, within approximate limits, definite figures 
(instead of the limiting ranges of Table III) for the mono- and di- 
oleo-types of glycerides, and the values in question are given in 
Table IV. 





TaBie IV. 


Glycerides. 
Satd. Mono-unsatd.- Di-unsatd.- 
Iod. val. * acids,%. Fully-satd., %. disatd., %. | monosatd., %. 


Hydrogenated olive oil. 


37-6 58-1 25°5 23°3 51-2 
31-7 65-1 30°8 33°7 35°5 
20-1 78-7 46°5 43-1 10-4 
11-9 87-8 67-5 28-4 4-1 
Hydrogenated cottonseed oil. 
42-8 52-2 15-9 24-8 59-3 
29-8 67-1 33°5 33°3 33°2 
20:1 78-1 44-0 46-3 9-7 
13-2 86-0 65-3 27-4 7:3 


If, therefore, we are correct in the belief that trioleins will have 
ceased to be present at the state of saturation mentioned, the next 
phase of the hydrogenation is characterised by increase in the 
production of both fully-saturated and mono-unsaturated-disatur- 
ated glycerides at approximately the same rate, and concurrent 
disappearance of di-unsaturated-monosaturated derivatives at 
approximately twice this rate: that is, di-oleo-glycerides are 
attacked in preference to mono-oleo-compounds. 

Independent confirmation of this phenomenon has been afforded 
by examination of the composition of the fully-saturated glycerides 
insoluble in acetone at 0° present in the hydrogenated olive oils of 
iodine values 31-7, 20-1, and 11-9. Tristearin and the palmitodi- 
stearins are very sparingly soluble in this medium and advantage 
was taken of this (see p. 817) to remove a considerable portion of 
the fully-saturated glycerides present in the more saturated fats by 
this means during the determination of fully-saturated glyceride 
content. After recrystallisation from acetone at 0°, the approximate 
amounts of tristearin (equivalent, 296-7) and palmitodistearins 
(equivalent, 287-3) present were calculated from the observed 
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saponification equivalent of the mixture of glycerides separated.* 
The resulting data give minimum values for tristearin, since the 
small amount soluble in ice-cold acetone will have been left out of 
account; moreover the difference in equivalents (9-3) is too small 
to permit of any great accuracy. Nevertheless the results (Table V) 
show that tristearin is substantially absent until the hydrogenation 
has proceeded far towards completion and that, in the final stages, 
the increase in fully-saturated components is almost wholly 
accounted for by increase in tristearin. 


TABLE V. 
Hydrogenated Olive Oil. 


F.S.G. insoluble in acetone. 





Fully-satd. “ Calculated % (wt.) 
glycerides, % (wt.) of Sap. of tristearin in 
Tod. val. % (wt.). total F.S.G. equiv. whole fat. 
31-7 30-1 83-8 288-4 3-3 
20-1 45-2 88-5 290-3 13 
11-9 67-2 92-7 294-8 33 


So far, then, we have been considering the sequence of actions 
involved in the conversion of a molecule of triolein into tristearin, 
and the experimental results discussed above lead us to conclude : 
(i) that one oleic group only undergoes hydrogenation at each 
effective contact with the catalyst, the semi-hydrogenated glyceride 
then leaving the catalyst and requiring fresh adsorption thereat 
before further addition of hydrogen takes place; and (ii) that the 
hydrogenation of the different classes of unsaturated glycerides is 
definitely of a selective nature, trioleins being more readily attacked 
than dioleo-glycerides, and the latter more so than the mono-oleo- 
compounds. 

The experimental data, however, indicate equally clearly that a 
still more delicate kind of selective hydrogenation operates through- 
out the process, namely, that mixed glycerides containing palmitic 
groups are preferentially attacked to those containing only stearic 
residues. Inspection of Table II reveais that, in the case of 
hydrogenated olive oil, the proportion of palmitic acid combined in 
the fully-saturated glycerides remains approximately constant 
(40—37 mols.%) until the total saturated acid content of the fat 
reaches 65%, but thereafter declines sharply; also, at the stage 
mentioned (65% total saturated acids) the amount of combined 

* The figures obtained by this procedure suggest that similar examination 
of a completely hydrogenated fat will yield values for its tristearin content 
from which, in many cases, it may be possible to estimate within certain 


limits the amount of tri-unsaturated C,, glycerides in the original oil. This 
possibility is at present being studied, so far with favourable results. 
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palmitic acid in the fully-saturated components accounts for the 
whole of that present in the original fat. With cottonseed oil (which 
contains much more palmitic acid) the line of demarcation is not 
quite so sharply defined, but nevertheless the proportion of palmitic 
acid in the fully-saturated components only declines from 39% to 
34%, whilst the proportion of saturated acids in the whole fat is 
raised by hydrogenation to 67%, and, when the saturated acids 
amount to 78% of the whole, the palmitic acid combined in the 
fully-saturated part corresponds with the whole of that present in 
the original oil. 

Determination of the mean equivalents of the portions of fully- 
saturated glycerides of hydrogenated olive oils obtained by recrystal- 
lisation from acetone (compare above, p. 812) gave confirmatory 
proof of the previous figures, a definite increase beyond that of 
palmitodistearin (287-3) only being observed with specimens hydro- 
genated to beyond the stage (65% total saturated acids) at which 
all the palmitic acid present was in the form of fully-saturated 
glycerides (Table VI). The corresponding data for cottonseed oil 
were not so definite : this is probably due (compare melting points) 
to dipalmitostearins which (in consequence of the high palmitic acid 
content of cottonseed oil) may have been present in sufficient 
quantity to prevent their complete separation by the acetone- 
crystallisation procedure. 





TABLE VI. 
F.S.G. recrystallised from 
Fully-satd. acetone. 
Satd. acids glycerides 7 ~ 
Hydrogenated in whole fat, in whole fat, % (wt.) of Sap. 
oil. % (mols.). % (mols.). total F.8.G. equiv. M. p. 
Olive 30°7 4+ 68 286-5 
os 43-6 11-2 71 287-7 
58-1 25-5 64 288-6 61-5° 
- 65-1 30:8 84 288-4 
iat 78-7 46-5 89 290-3 63 
‘e 87°8 67-5 93 294-8 63 
Cottonseed 52-2 15-9 73 285-9 60 
os 67-1 33-5 73 286-5 61 
? 78-1 44-0 93 286-5 60 
mn 86-0 65-3 87 286-9 62 
- 95-2 87-7 89 287-3 62 


Study of the glyceride structure of hydrogenated fats has there- 
fore emphasised the numerous phases of hydrogenation which 
proceed, to a large extent, selectively and independently of each 
other. It has indicated not only the complexity of the glyceride 
hydrogenation process, but also its main stages, namely, saturation 
of only one ethenoid linking at each contact with the catalyst and 
preferential hydrogenation of triglycerides in the following order : 
trioleins, di-oleo-compounds, and mono-oleo-compounds. Further, 
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and lastly, although oleostearins must be produced in abundance by 
this sequence of changes, these are not converted into tristearin in 
any quantity until all palmito-oleins originally present have been 
saturated. Consequently, the comparatively slight difference in 
the triglyceride molecule introduced by the substitution of a palmitic 
for a stearic radical exerts a remarkable influence on the suscep- 
tibility to hydrogenation of an oleic group within the same molecule. 
This phenomenon is not, perhaps, so extraordinary as it may appear 
at first sight when it is considered in conjunction with the work of 
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Lebedev and his colleagues (J., 1925, 127, 417; 1930, 321), who 
have pointed out the profound effect of substituent methyl or other 
groups in unsaturated compounds upon the susceptibility to 
hydrogenation of an ethylenic linking. 

We would point out that the relationships, in hydrogenated olive 
and cottonseed oils, between the molar contents of fully-saturated 
glycerides and the molar percentages of saturated acids in the 
total acids of the fat (which are shown graphically in the figure) are 
in conformity with the general conclusions reached in the foregoing 
discussion. In the earlier stages, trioleins and di-oleo-glycerides are 
predominantly hydrogenated in stages, and little increase in fully- 
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saturated components occurs; subsequently, mono-oleo-glycerides 
which also contain palmitic groups are being preferentially hydro- 
genated, and a more rapid development of fully-saturated com- 
pounds (almost entirely palmitostearins) sets in; finally, oleostearins 
which have accumulated by reduction of (original) triolein and 
during saturation of palmito-oleo-glycerides are transformed into 
tristearin, and the amount of fully-saturated glycerides increases 
rapidly. 
EXPERIMENTAL. 

The oils employed, which consisted of an Italian olive oil of first 

quality and an alkali-refined cottonseed oil, possessed the following 


characteristics : 
Olive. Cottonseed. 


BREN ED, cis catmionasopccaybonere ts deaseineieak 2-2 0-4 
Saponification equivalent  ...........sese00+ 294-2 288-5 
NOG WEID. ocdksdbddbiccccccsédsicoccosséisboces 83-6 103-4 
Unsaponifiable .........ccccecrssseceseeseeeeees 0-8 0-8 
(fod. val. of unsaponifiable ............ 194-5 120) 


Conditions of Hydrogenation.—The oil (400 g.) was placed with 
reduced nickel-kieselguhr catalyst (10 g., containing about 1 g. of 
free metallic nickel) in an iron hydrogenation vessel of avout 800 c.c. 
capacity fitted with a gas-tight cover carrying inlet and outlet gas- 
connections, a thermometer pocket, and a vertical stirrer to which 
was attached a horizontal blade. The contents of the vessel were 
heated with vigorous stirring in an atmosphere of hydrogen to 180° 
and the hydrogenation was conducted at this temperature in all 
cases. The hydrogen was passed through a meter prior to admission 
to the hydrogenation vessel and was led, after issuing therefrom, 
through a second meter; the process could thus be stopped when 
the meter-readings indicated that the absorption of hydrogen corre- 
sponded with the desired reduction in the iodine value of the fat. 
The general arrangements of the apparatus used have been described 
elsewhere (E. F. Armstrong and Hilditch, Proc. Roy. Soc., 1919, 
A, 96, 138). The actual time occupied in the hydrogenation of a 
400 g. batch varied from about 25—30 minutes in the case of the 
olive oil product of iodine value 61-4 to about 180 minutes for the 
cottonseed oil product of iodine value 5-1. 

With the more saturated products a single batch of 400 g. was 
sufficient, but in the case of the softer fats (iodine value from about 
40 upwards) it was necessary to unite the fat from two or even three 
similar hydrogenations in order eventually to obtain suitable 
quantities of fully-saturated glycerides for the purpose of this study. 

Determination of Component Fatty Acids —The method employed 
has been described in full detail by our co-workers in several recent 
papers (compare, especially, Analyst, 1929, 54, 80; J. Soc. Chem. 
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Ind., 1930, 49, 36417; Biochem. J., 1930, 24, 270, 1102; 1931, 25, 
1169). The mixed fatty acids (about 200 g.) obtained by hydrolysis 
of a fat are converted into their lead salts in alcoholic solution 
(10 c.c. of 95% alcohol per gram of mixed acids) and the lead salts 
which are insoluble at room temperature are, after recrystallisation 
from alcohol, reconverted into fatty acids (‘‘ solid ’ acids) separately 
from those which are contained in the alcoholic liquors and which 
yield the mainly unsaturated (or “ liquid’) acids. The “ solid ” 
acids obtained by this procedure from a natural fat should not 
possess an iodine value higher than 10, in which case the unsaturated 
acid represented by this figure may safely be taken as oleic acid; 
in hydrogenated fats “ isooleic ” acids are present in varying amounts 
and also appear with the saturated acids in the “ solid” group on 
account of the sparing solubilities of their lead salts in alcohol. 

Each group of acids—“ solid” and “liquid ’—is separately 
converted into the corresponding neutral methy] esters and the latter 
are carefully distilled from a Willstatter bulb (heated in an oil-bath) 
under a pressure of 1 mm. or less. The operation is so conducted 
(primary fractions being refractionated when necessary) that a 
sufficient number of ester-fractions are obtained to ensure that, to 
within narrow limits, no single fraction contains more than two 
saturated and two unsaturated (oleic and linoleic) esters. If these 
conditions are satisfied and the whole sequence of operations has 
been carried out quantitatively, it is possible to estimate the com- 
position of each ester-fraction in each group from its saponification 
equivalent and iodine value, and thence to arrive at the composition 
of the original mixture of acids. Since the complete fractionation 
data for a single analysis of this kind are extremely lengthy, and 
since typical records of similar analyses have been given in the 
papers cited, it has not been thought necessary to include detailed 
figures for the present series of analyses, the final results of which 
have been given in Tables I and II. 

When determining the component fatty acids of the fully-saturated 
glycerides, it was of course possible to proceed directly with the 
esterification of the mixed acids, no separation by means of the 
lead salt process being necessary. 

Determination of Fully-saturated Glyceride Content.—The general 
procedure adopted in the oxidation of a fat (1 part), dissolved in 
acetone (10 parts), by means of finely-powdered potassium per- 
manganate (4 parts) was described by Hilditch and Lea (loc. cit.). 
It has been found convenient to vary the precise method used for 
the separation of the neutral and acidic portions of the oxidised fat 
according to the predominant characteristics of the fat under 
examination. Thus, whilst a fat which contains relatively large 
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amounts of di-unsaturated-monosaturated or of tri-unsaturated 
glycerides yields acidic oxidation products which are comparatively 
easily removable in the form of aqueous solutions of their potassium 
or ammonium salts, one in which mono-unsaturated-disaturated 
glycerides are present in considerable proportion gives rise to acidic 
glycerides, the alkali salts of which are particularly effective emulsi- 
fying agents. In the latter case, advantage may be taken of the 
fact that such acidic (mono-azelao-) glycerides readily yield sodium 
salts which may be crystallised from ether. 

The less saturated fats did not always undergo complete oxidation 
in one operation. In such cases (indicated by an asterisk in Tables 
VII and VIII) the oxidation process was repeated on the crude 
neutral product isolated after the initial oxidation. (The weights 
of products recorded in Tables VII and VIII are corrected to corre- 
spond with the original weight of material employed in the initial 
oxidation.) 

It was found desirable to carry out the purification of the satur- 
ated glycerides resulting respectively from hydrogenated olive oils 
and hydrogenated cottonseed oils by somewhat different means : 

(i) Hydrogenated olive oils. Owing to the preponderance of 
palmitodistearins and tristearin in the fully-saturated portion of 
many of these fats, and to the very sparing solubility of these 
compounds in ice-cold ether, it was possible to effect a preliminary 
separation of part of the fully-saturated glycerides in a pure condition 
by cooling the ethereal solution of the whole of the products of oxid- 
ation to 0° and removing deposited solids by filtration. These were 
then further purified by crystallisation two or three times from 
acetone at 0°; their content of free acidic products was then quite 
negligible (A, Table VII). 

The material removed by solution in acetone was recovered and 
added to the ethereal filtrates (made up to 2500 c.c. with ether), 
which were then treated with warm 30% aqueous sodium carbonate 
solution, followed by two rapid washings (without undue shaking) 
with warm distilled water; the withdrawn alkaline and aqueous 
solutions were extracted with ether and the regenerated acidic 
material was recovered from the aqueous phase (C). The ethereal 
solutions (which frequently contained substantial amounts of sodium 
salts of monoazelao-glycerides) were cooled in a freezing-mixture for 
one hour and filtered, the separated sodium salts being reconverted 
into acidic products (D); the ethereal filtrates (to which was added 
the ether used to extract the aqueous sodium carbonate washings 
previously mentioned) were finally washed with dilute aqueous 
potassium carbonate and then with water. The fully-saturated 
glycerides (B) recovered from the ether were somewhat contaminated 
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with acidic products, for which a correction was applied on the 
assumption that the acid value of the latter was approximately the 
same as that of the acidic material (E) regenerated from the aqueous 
potassium carbonate washings which had finally been given to the 
united ethereal extracts. 

The experimental data for hydrogenated olive oils, on which the 
calculation of fully-saturated glyceride content is based, are 
collected in Table VII. 


Taste VII. 
Oxidation of hydrogenated olive oils. 
Hydrogenated oil 
Iodine value ......... 83-6 614 50:2 376 31:7 201 11-9 
Weight oxidised (g.) 204-7* 204-5* 202-3* 68-2 98-9 1038 104-9 
Fully-saturated glycerides 
A. By crystallisation 
from ether and 
acetone (g.) _ 5:25 15°78 10-96 2488 41-49 65-38 
Acid value... — 0-3 0-4 1-4 0-3 0-2 0-2 
B. Ether-soluble (g.) 4-61 2-78 7-17 6°50 5-88 6-17 6-22 
Acid value... 20:4 213 278 259 329 243 266 
Acidic products 
C. From aqueous 
sodium carbon- 
OES (8)? ssecccece -~ 170-3. 118-8 31-7 38-4 12-0 4-9 
Acid value... — 247 235 225 200 272 237 
D, From sodium salts 
ex ether (g.) ... — 1-9 8:7 9-3 146 29-1 12-4 
Saponification 
equivalent — 180-1 1923 199-3 191-5 193-1 191-3 
E. From aqueous 
ney car- 
mate (g.)...... —_ 3°5 14-8 3-1 1-5 2-4 14-1 
Acid value... — 2425 201 210 188-5 188 148 


Total weight of pure 
F.S.G. (corrected) 4-2 7-79 22-48 16-59 29-73 46-87 70-48 


t Original oil. 


Previous experience with natural fats has shown (Hilditch and 
Saletore, J. Soc. Ohem. Ind., 1931, 50, 4687) that only mono- 
azelao-glycerides yield sodium salts which are soluble in ether and 
that, unless corresponding mono-unsaturated-disaturated glycerides 
are present in considerable quantities, the amount of mono-azelao- 
compounds obtained as sodium salts from ether is inconsiderable. 
From Table VII it will be seen that this group (D) of acidic products 
amounts to an important proportion of the total acidic products of 
oxidation only when the iodine value of the fat has been reduced to 
30 or below, and this is, in fact, further proof that, until this region 
is reached, di-unsaturated-monosaturated glycerides are present 
in quantity. It is also significant that the maximum yield of this 
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group (at iodine value 20-1) coincides with the maximum concen- 
tration of mono-oleo-glycerides as deduced in Table III on the 
assumption of general tendency towards “even distribution.” The 
saponification equivalents of the acdic products D (which were not 
further purified by crystallisation) are of the order of that of 
azelaopalmitostearin (191-5). 


Tasie VIII. 


Oxidation of hydrogenated cottonseed oils, 


Hydrogenated oil 
Todine value ......... 63-1 496 428 298 20-1 13-2 5-1 
Weight oxidised (g.) 202-0* 200-6* 199-4* 201-5 104-6 101-5 99-5 
Fully-saturated glycerides 
Weight of crude pro- 
duct (g.) ..csse0.0008 3-63 18°55 35°92 81:76 58-00 68-38 88-24 
Purification of F.S.G. 


Weight of crude 
F.8.G. used (g.)... — 18:23 35°34 8065 57-45 67:40 87-60 
A. Fuily-saturated 
glycerides, isol- 


ated as above... — 13-05 26-64 53-82 44:21 57-10 63-42 
Acid value... — 1-1 0-3 0-3 0-4 0-3 04 
B. Fully-saturated 
glycerides, from 
ether extraction 
of washings ... — 181 538 14:93 1:94 814 23-15 
Acid value... — 193 248 156 283 78 0-9 
C. Acidic products 
corresponding 
with b Cretgecve -- 3°37 332 11:90 11:30 216 1-03 
Acid value... — 145 145-5 137 103 102 168 
Weight of pure F.8.G. 
(corrected) ......++ ca.3-2 1467 81:54 67:85 46-00 65-40 86-95 


+ Acid value 18-6. 


(ii) Hydrogenated cottonseed oils. Probably as a result of the 
presence of relatively larger quantities of palmito-glycerides than in 
olive oil, it was found possible to omit the separation of sodium 
salts from ether in this series, and to remove most of the acidic 
products formed during oxidation by washing the ethereal solutions 
of the total reaction products repeatedly with dilute aqueous 
potassium carbonate and then with water. The crude fully- 
saturated material thus obtained was then further purified by boiling 
with dilute aqueous potassium carbonate, and then with water 
until all alkali salts were removed; the following compounds were 
then isolated : 

A. Practically neutral fully-saturated glycerides (usually about 
75% of the whole). 
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B. Fully-saturated glycerides still somewhat contaminated with 
acidic products, by extraction of the aqueous liquors with ether. 

C. Acidic glycerides recovered from the extracted aqueous liquors, 
the mean equivalent (by direct titration) of which was assumed also 
to be that of the acidic impurities left in B. 


THE UNIvERsItTy, LIVERPOOL. [Received, December 8th, 1931.] 





105. The Reduction of Copper Oxide by Hydrogen. 
By Jonn Stantey Lewis. 


Mucu of the previous work on the reduction of copper oxide has 
been carried out by a flow method at atmospheric pressure. 
Wright, Luff, and Rennie (J., 1878, 33, 540; 1879, 35, 475) stated 
that the reduction by hydrogen between 130° and 257° was pre- 
ceded by an “incubation” period, the duration of which was 
longer the lower the temperature. The incubation was followed 
by an “induction ” period, reduction of the oxide setting in at a 
steadily increasing rate until a maximum was reached, after which 
the rate gradually decreased to zero as complete reduction was 
approached. The reduction would therefore appear to be auto- 
catalytic, the copper produced being the autocatalyst. 

From somewhat similar investigations, Pease and Taylor (J. 
Amer. Chem. Soc., 1922, 44, 2179) concluded that reduction occurred 
at the metal-oxide interface. During the induction period the 
action was slow because few such interfaces were developed. The 
zone of action spread out from these nuclei, and as its area increased, 
the rate of water formation became greater until a maximum was 
attained. These workers suggested that the incubation period was 
in part due to adsorbed water, since they were able to reduce the 
time to about half by drying the copper oxide in a current of air 
drawn through calcium chloride towers, prior to the introduction 
of dry hydrogen. 

St. John (J. Physical Chem., 1929, 33, 1438) gave 140° as the 
lowest temperature at which reduction occurs, though Benton and 
Emmett had previously obtained positive results in experiments 
carried out at 106° (J. Amer. Chem. Soc., 1924, 46, 2728). By 
careful drying of the reactants, these workers were not able to 
confirm the period of incubation. 

Other methods of studying the above reaction are described by 
Palmer (Proc. Roy. Soc., 1923, 103, A, 444), who investigated its 
velocity, and by Taylor and Starkweather (J. Amer. Chem. Soc., 
1930, 52, 2314). 
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EXPERIMENTAL. 


The experiments consisted in heating the oxide with hydrogen 
in glass bulbs of 125 c.c. or 225 c.c. capacity, at the required con- 
stant temperature. The reaction could be stopped after a suitable 
interval by immersing the bulb in cold water, and the extent of 
reduction was measured by the fall in pressure in a mercury mano- 
meter attached to the bulb, which was then placed in a water-bath 
at 20°. These reaction bulbs were thoroughly cleansed and dried 
before an experiment, and a weighed amount of copper oxide was 
added, which had been previously heated at 105° for some time. 
The bulbs were evacuated, and filled to the required pressure with 
hydrogen dried by passing through tubes of calcium chloride and 
phosphoric oxide. By such means, pressure-time changes were 
studied at various temperatures with an accuracy sufficient to 
justify the deductions drawn. 

Variations in the Samples of Copper Oxide.—The ease,of reduc- 
tion varied with the sample of copper oxide, and also with the 
history of a particular specimen. It is known that precipitated 
or amorphous copper oxide is the most readily reduced by hydrogen. 
When this is strongly ignited for some time, it becomes more re- 
sistant to the action of hydrogen, thereby necessitating a consider- 
ably higher temperature for reduction. On the other hand, a 
carefully prepared and well washed specimen of precipitated oxide 
is improved by gentle ignition especially in. a vacuum. Samples 
prepared from the metal are extremely resistant to reduction, and 
so is the oxide obtained by the decomposition of copper nitrate. 
For example, an extremely active copper oxide obtained by pre- 
cipitation was reduced to the metal by. heating in hydrogen, and 
then reoxidised in air. The resulting oxide was comparatively 
inactive and could only be reduced by hydrogen at a considerably 
higher temperature than that used for the original precipitate. 
Erratic results may be obtained even with the same sample of 
oxide, owing to variations in the time and temperature of drying, 
and the conditions of evacuation’ of the bulb. A well-dried oxide 
always gave better results than a moist sample, and maximum 
reductions resulted if the bulbs containing the oxide were evacuated 
at temperatures somewhat higher than 120° for a considerable period. 

In the following experiments an excess of precipitated copper 
oxide was enclosed in the bulbs so that the weight could be regarded 
as being practically unchanged, and by maintaining the conditions 
of a run of experiments constant, it was possible to obtain repro- 
ducible results and useful comparative data. 


Incubation and Induction Periods.—In these closed tests with 
EE 
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precipitated copper oxide there was no evidence for such periods : 
if they exist, they must be of short duration. Between 100° and 
140°, reduction commenced immediately and with maximum 
velocity. Then followed a steady fall in the rate, as measured 
by the fall in hydrogen pressure at given intervals. Typical results 
are to be seen in the curves in Fig. 1, which have been drawn from 
the data obtained in a large number of experiments made under 


identical conditions. 
Fie. 1. 
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The rate of fall of hydrogen pressure is not proportional to the 
pressure at any instant, but by plotting log p/(p — c) against ¢ 
(where c is a constant and ¢ the time), straight lines were obtained 
for the lower temperatures. This is in accordance with the work 
of Palmer (vide supra) whose equation may be written 

dp/dt + kp — k,p* = 0. 
In this equation there is a retarding factor in the speed of reduc- 
tion, attributed by him to the water vapour pressure which increases 
with time. 

In order to reduce this factor as far as possible, experiments were 
made at 140° with various initial hydrogen pressures and 4 g. of 
copper oxide (dried in a vacuum at 130°) in 125-c.c. bulbs, the 
time of heating being 10 minutes in each case. The results below 
indicate that the relative falls in pressure (p,/p) are approximately 
constant for the initial stage of reduction. 


Original press. (p, 610 485 392 250 £213 ~&# 160 
Pressure after Sb eins. (p) «» 495 400 325 210 180 124 
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It would appear that when the mass of copper oxide is large, 
and if the water vapour could be removed as it is produced, the 
reaction would be of the first order in accordance with the equation 
—dp/dt = kp. There is, however, another factor which is dis- 
cussed later, viz., the film of moisture adsorbed on the surface of 
the copper oxide. 

Slow and Rapid Reduction—The temperature coefficient of the 
reactions is high, and at much higher temperatures self-heating is 
to be expected, with a resultant increased speed of reduction. For 
instance, in an experiment with the bath temperature at 145°, a 
thermometer embedded in the oxide rose to 147°, and the corre- 
sponding pressure-time curve in Fig. 1 confirms this acceleration. 
Above 150° the evolution of heat was so great that the oxide burst 
into a glow at some point on the surface from which the flame 
spread over an increasing area, all the hydrogen being consumed 
in less than 2 mins. The phenomenon is comparable with. the 
oxidation of readily combustible materials in which slow com- 
bustion passes at the ignition point into rapid combustion with 
flame. The lowest temperature at which “rapid reduction” of 
precipitated copper oxide was observed was 148°, the initial gas 
pressure being 1 atmosphere, but with oxides prepared by oxidation 
of the metal or from copper nitrate the temperature is much higher. 

Lowest Temperature of Reduction.—The temperature coefficient of 
the reaction is sufficiently high between 130° and 140° to suggest 
measurable chemical action below 106° (compare above), but the 
rate at 100° (consumption of <1% of the hydrogen in 1 hr.) was 
much slower than that calculated (i.e., 3%): 24 hours’ heating was 
necessary to obtain a 3%, lowering of pressure, and after 15 hours 
only 13-5% of hydrogen had been removed, the rate of reduction 
then being extremely slow. Moreover, if the time be sufficiently 
long, the possibility of reduction at room temperature cannot be 
excluded, but with copper oxide (dried in a vacuum) and hydrogen 
there was a small initial reduction of pressure measured at 20°, after 
which there was no appreciable change on several months’ standing. 

Action of Moisture—It is therefore suggested that although 
copper oxide might be reducible at room temperature, yet if one 
starts with a pure copper oxide surface the resultant water from the 
initial reduction is adsorbed on the rest of the oxide surface, pro- 
ducing a protective film that inhibits further attack. This film is 
so firmly attached that it may be of the nature of a physicochemical 
eomplex CuO-H,0, the action being reversible, 7.e., the compound 
is dissociated by heat and its formation promoted by increased 
concentration of water vapour. Comparatively high temperatures 
are therefore required during reduction in order to decompose this 
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complex, and by the diffusion or sweeping away of the water mole- 
cules, a fresh surface is brought into contact with the hydrogen 
molecules. This will account for the fact observed above, viz., 
that, as the reduction proceeds in an enclosed vessel, the speed 
falls off rapidly with increasing partial pressure of water vapour, 
and also for the fact that the deliberate inclusion of water vapour 
in the reaction bulbs greatly retards the initial reduction. More- 
over such a complex may be decomposed not only by heat but by 
strong dehydrating agents, and if the above theory is valid, it 
should be possible to obtain copper from copper oxide at room 
temperature. 

Action of Dehydrating Agents.—The reduction of copper oxide at 
room temperature proceeds with measurable velocity if it is in 
contact with dehydrating agents such as calcium chloride or phos- 
phoric oxide, the latter being particularly active. The experiments 
were carried out in glass bulbs. The phosphoric oxide was first 
quickly introduced and the copper oxide added so as to cover its 
surface. The bulb was then filled with hydrogen and attached to 
a manometer. At first, the rise of mercury was extremely slow, 
but the speed gradually increased to a maximum and then declined 
to zero when all the hydrogen had been removed. The induction 
period can be attributed to either (a) the autocatalytic nature of 
the reaction (vide swpra), or (b) the slow removal of the water from 
the complex. In support of the second view, it was found that 
the period of induction was reduced and the initial speed of reaction 
increased by the thorough drying of the copper oxide. With two 
equal weights of copper oxide, one of which had been exposed to 
the atmosphere and the other heated at 105° for some time, in the 
initial stages the latter was reduced at more than twice the speed 
of the moist sample. The oxide could be made extremely active, 
and the induction period considerably reduced, if the bulb con- 
taining it and the dehydrating agent were evacuated at about 100° 
and cooled before the addition of dry hydrogen. If, however, the 
bulb was evacuated and refilled with dry hydrogen when the point 
of maximum activity had been reached, there was practically no 
induction period. 

Kinetics of the Reaction.—According to the above view the reduc- 
tion of precipitated copper oxide proceeds in two stages: (a) the 
removal of water, (6) the actual reduction. The rate of reduction 
would be controlled by the slower of these reactions, and by using 
a large excess of phosphoric oxide and somewhat lower hydrogen 
pressures, it was hoped to accelerate the first reaction and so obtain 
a measure of the rate of reduction from the periodic fall of pressure 
as given by the manometer readings. Many experiments were 
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made, and the following conditions defined. The temperature of 
reduction in the presence of phosphoric oxide must be below 35° 
when the hydrogen pressure is 1 atmosphere, otherwise consider- 
able self-heating occurs, and even rapid reduction with glow above 
45°. Experiments must be made at low temperatures and hydrogen 
concentrations, and under these conditions it was observed that after 
any initial induction period, the rate of change of pressure was pro- 
portional to the pressure over a wide range, i.c.,v = — dp/dt = kpn,. 
The reaction rate increased rapidly with rise in temperature, and 
by making the measurements at 20° and 30° with the same bulb 
and without disturbing the contents, an average of 2-3 was found 
for the ratio kgo-/kag. 

Retardation by Other Gases——The acceleration of the reduction 
by the presence of water vapour has been considered. It is known 
that oxygen has the same effect : Bone and Wheeler (Phil. Trans., 
1906, 206, A, 1) found that its influence was nearly ten times as 
great as that of an equal concentration of nitrogen. In the closed 
test described in this paper, the addition of such gases as carbon 
dioxide, sulphur dioxide, acetylene, hydrogen sulphide, or ammonia 
reduced the rate at which the hydrogen was removed, the magnitude 
of the effect, however, rapidly decreasing at higher temperatures. 
These gases possess a residual chemical affinity for copper oxide, 
and it might be supposed that their protective action is due to the 
formation of a physicochemical complex as in the case of water. 
On the other hand, gases such as nitrogen, methane, pentane vapour, 
or nitrous oxide exerted little more than their dilution effect. 

The retarding influence of the former class is made very evident 
when studied by the phosphoric oxide method at room temperature : 
the hydrogen in bulbs containing equal weights of copper oxide 
was diluted with 20% of one of these gases, and the bulbs con- 
taining nitrogen, oxygen, sulphur dioxide, and carbon dioxide 
showed pressure falls of 40-8, 7-7, 6-2, and 6-0 cm. respectively. 

These experiments are put forward in support of the above 
theory that reduction is retarded by the copper oxide water com- 
plex. Phosphoric oxide is capable of removing water molecules 
from the surface of the copper oxide, but is without action on such 
gases as carbon dioxide, ete., which by their nature can yield new 
physicochemical complexes. It is also significant that barium 
oxide facilitates the reduction of copper oxide by carbon monoxide, 
presumably by removal of the carbon dioxide film. 

Autocatalysis—The above closed tests indicate that there is 
no incubation period, and any induction period must be of short 
duration. Experiments were therefore made with copper oxide 
inoculated with finely divided copper, and the initial rate of reduc- 















826 PURCELL AND CHEESMAN : 


tion was compared with that of pure oxide alone, the conditions of 
time, temperature, and previous treatment of the oxide being 
identical. In six experiments at 140° and 10 and 20 minutes’ 
reduction, the maximum difference in reading was only 1 cm. 
The added copper, however, might be coated with oxide, and so 
experiments were made in which the oxide was partially reduced 
in the bulb, and this was evacuated and the oxide plus copper 
dried inthe vacuum. The bulb was then refilled with dry hydrogen, 
and the pressure-time curves compared with those for pure copper 
oxide. There was no evidence to show that the copper oxide- 
copper was reduced with greater velocity even in the initial stages, 
in such closed tests. These results were confirmed by experiments 
made at room temperature in the presence of phosphoric oxide, 
and although it is most difficult to obtain concordant results by 
this method (vide supra), yet sufficient experiments were made 
against blank tests to prove that copper dust was not an acceler- 
ating factor. It is therefore suggested that the main reason for 
the induction period in the reduction of copper oxide by hydrogen 
is the removal of the pseudo-combined water from the oxide surface. 


Summary. 

Precipitated copper oxide was reduced by hydrogen in closed 
tests and the evidence suggested that there is no incubation and 
no induction period. When the surface of the oxide was freed from 
adsorbed gases, the reduction proceeded immediately and with 
maximum velocity, which is contrary to the view that the action 
is autocatalytic. The inhibiting action of such gases as water 
vapour, carbon dioxide, sulphur dioxide, etc., is attributed to the 
formation of a protective film of a physicochemical nature. If the 
film is removed by chemical agents, e.g., water by phosphoric 
oxide, then the reduction of precipitated copper oxide proceeds 
at room temperature. 


Rovat Navat CoLiece, [Received, July 20th, 1931.] 
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106. The System Nitric Oxide—Nitrogen Peroxide. 
Part I. 


By RonaLD HERBERT PURCELL and GEOFFREY HERBERT 
CHEESMAN. 


THE compound commonly termed nitrogen trioxide or nitrous 
anhydride was first reported in 1816 (Dulong, Ann. Chim. Phys., 3, 
240); many experimenters have described its properties, but the 
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divergencies between their reports are very large. Early work 
showed that the trioxide can be formed from and decomposes into 
nitric oxide and peroxide. Unfortunately, it was not fully realised 
that, as a result of this dissociation, the material is exceedingly 
susceptible to any exposure to air or oxygen, and consequently 
many of the published observations refer to material with a much 
greater oxygen content than was imagined. 

A very complete bibliography will be found in Mellor’s ‘“ Com- 
prehensive Treatise,” Vol. VIII, p. 454, and as many of the earlier 
papers are of little importance it is unnecessary to review them in 
detail. Attention is, however, drawn to the work of Baume and 
Robert (Compt. rend., 1919, 169, 968), who studied the vapour 
pressures of these mixtures. We were unable to repeat their 
success in employing ordinary stopcocks for manipulating the 
materials, and the measurements have been made in an apparatus 
in which taps and ground joints are completely eliminated. Nitric 
oxide does not affect hydrocarbons or mercury in the absence of 
oxygen, but if traces of air gain admittance, tap grease is rapidly 
attacked. 

The present investigation has been along the lines of the phase 
rule, and this paper embodies the data which have been obtained 
for the gas-liquid and gas-solid equilibria of the system at pressures 
of 1 to 100 cm. of mercury. Over the range of correspondence 
they admirably confirm Baume and Robert’s figures, but we differ 
from the conclusions they draw by extrapolation of their curves. 





EXPERIMENTAL. 


Nitric oxide was prepared by dropping sodium nitrite solution 
into a concentrated solution of ferrous sulphate containing con- 
siderable hydrochloric acid. No rubber joints were used in the 
apparatus. The gas was evolved in a regular stream, and passed 
through sulphuric acid and then up a column filled with pellets of 
caustic soda. It was then condensed in a bulb immersed in liquid 
air. A tap served to isolate this bulb from the generator, and 
when sufficient material was collected, the tap was closed and the 
bulb evacuated with a Hyvac oil pump. The lead containing the 
tap, and finally the pump lead, were sealed off. 

The condensed nitric oxide was fractionated three times, the final 
product being distilled into a bulb shown diagrammatically at R 
in Fig. 1. This storage buib was fitted with a mercury ventil S 
for removal of material, and a rough manometer 7 which acted 
as a safety device should the pressure rise unduly. 

The nitric oxide was a pale indigo-blue liquid which froze to a 
solid, clear and colourless like ice in thin layers, but dirty bluish- 
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white in bulk owing to the formation of many small cracks through 
the mass. About 10 c.c. of liquid were usually made at one run, 
and preserved by keeping a 2-litre Dewar vessel of liquid air round 
the bulb 2. 

Oxygen was prepared by heating pure potassium permanganate 
in an evacuated apparatus, passing it through a condensing tube 
immersed in liquid air to remove traces of carbon dioxide and 
water, and into a series of bulbs of determined volumes. When 
sufficient oxygen had been evolved, as indicated by a mercury 
manometer, the permanganate was allowed to cool, and the bulbs 
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sealed off one by one, the temperature and pressure being read at 
the removal of each bulb. The volumes of these bulbs, including 
the stem as far as the sealing capillary and the septum through 
which they were emptied, were determined by weighing them 
empty and filled with water; the effect on the volume of sealing 
off at the capillary amounts only to a few hundredths of a ¢.c. and 
is negligible. 

Mixtures of nitric oxide and oxygen were prepared in the apparatus 
shown in Fig. 1, which was permanently connected to the storage 
bulb by the ventil 8. The ventil A served to isolate the measuring 
apparatus, which was kept evacuated, and the lead B was taken 
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to the mercury-vapour pump with provision for sealing at C. The 
branch D led through a capillary to the condensing tube #; an 
appropriate bulb of oxygen O was sealed on at F, with a piece of 
glass rod for breaking the septum accommodated in fF’, An 
additional branch G@ was provided with a septum for the subsequent 
transfer of the material to the apparatus in which it was studied. 

The apparatus was baked out under X-ray vacuum, and finally 
sealed at C. The ventil A was then closed, and S opened; the 
liquid air was removed from around the storage bulb R, and nitric 
oxide allowed to evaporate and pass into the bulb Z till sufficient 
pressure was indicated on the manometer 7’. Adjustment of the 
cooling on the storage bulb enabled the pressure to be held steady 
while mercury was admitted through tap K to cut off communication 
between H and the vertical tube Z. The nitric oxide was then 
frozen in R, more mercury being let in through K to keep H 
isolated. 

The difference between the levels of mercury in L and in the tube 
below H served to measure the pressure in H. At the temperature 
of liquid air, nitric oxide has a vapour pressure of several mm., 
but by providing a means for evaporating the liquid air round R 
under a Hyvac pump, this residual pressure could be made very 
small. The progress of this could be followed on the small mano- 
meter M. (This procedure was instituted in early experiments 
before ventil A was put in. In later experiments, the pumps were 
cut off at A before the nitric oxide was passed into H, and recon-’ 
nected after the bulk of the surplus had béen frozen back in R&; 
C was then sealed.) When JM indicated that the line was com- 
pletely evacuated, the volume of gas in H was adjusted by admitting 
or withdrawing mercury through K till the meniscus just touched 
a glass point p fixed axially in the tube, and the difference between 
this level and that in ZL was measured with a cathetometer. The 
temperature of H was read at the same time. The volume enclosed 
in this manner was 1169-0 c.c. 

In order to transfer the sample to H, ventil A was opened, and 
liquid air applied at N; mercury was then withdrawn through K 
to re-establish connexion between H and L. The nitric oxide was 
then distilled into Z, a bath of alcohol at — 100° round J arresting 
any mercury vapour. The condensation was completed by apply- 
ing a pump to the liquid air on Z, manometer MV again indicating 
the course of the operation; A was. then closed and capillary d 
sealed. The rod in F’ was then shaken through the septum to 
admit the oxygen to the nitric oxide, and the two were allowed 
to react. 

This wuthes of preparing mixtures of known composition has 
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been described in some detail, as it formed the essential feature, 
not only of the present series of measurements, but also in other 
physical measurements on such mixtures, the results of which will 
be communicated later. 

For the measurements of vapour pressures in equilibrium with 
liquids of known composition, the samples were transferred to 
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glass-spring manometers of the type described by Smits (J., 1924, 
125, 2555). The gaseous contents of the apparatus after being 
mixed were apparently largely dissociated; when they were con- 
densed into the bulb attached to the manometer (whose capacity 
was made as small as possible) and re-evaporated, excessive pres- 
sures were initially set up by volatilisation of nitric oxide before the 
remainder had melted: when the blue solid did melt, the surplus 
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nitric oxide dissolved and the pressure fell again. These fluctuations 
proved to be very violent, and many springs were broken in this 
manner. Hence, particularly with mixtures containing higher pro- 
portions of nitric oxide, it was found necessary to bring the material 
into a small volume before connexion was made to the manometer, 
and a special form of apparatus shown in Fig. 2a was employed. 

The actual spring, A, was of the usual form, the only feature 
being that it was made rather small to reduce the volume of the 
apparatus. The tube C was connected to the septum of the bulb 
of nitric oxide—peroxide mixture (G of Fig. 1) and to the pumps, 
and the whole evacuated and sealed off. The septum was broken, 
and the material condensed into F and sealed at C. The whole 
was then allowed to come to equilibrium at room temperature, 
while the top section was evacuated through B; F was now chilled 
again, and capillary D knocked off with a piece of rod in ZH. When 
F became warmer, the pressure fluctuations were not too'severe to 
follow on the manometer. Septum H was provided for removing 
the sample after the completion of the measurements. 

The measurements of vapour pressure were carried out in an 
alcohol-ether bath contained in a large Dewar vessel of about 24 
litres capacity. For the measurements below — 100°, a smaller 
bath of liquid ethylene was used, which was cooled by passing 
liquid air through a copper tube immersed in the liquid. Tem- 
peratures were measured on a millivoltmeter, a copper-constantan 
thermocouple with three pairs of junctions being used. The 
constant-temperature junctions were kept in ice; the instrument 
was calibrated throughout the working range against known fixed 
points. Pressures below 80 cm. were measured on a closed 
U-manometer with one evacuated limb, which was fitted on a 
glass mirror scale; higher pressures up to 2 atmos. were measured 
with the cathetometer on an open U-manometer. For still higher 
pressures, a long, open manometer was erected against a paper 
scale pasted on the wall. This scale was calibrated with a metre 
rule previously verified against the cathetometer. 

In these vapour-pressure measurements, the volume of the gas 
phase was in each case about 20 c.c., and the composition of the 
liquid phase, with samples of 1—2 g. employed, would be sensibly 
the same as the gross composition of the sample. At relatively 
high pressures, however, a correction may be applied, as has been 
done for series V (see Table II). This is inappreciable below 1 atm. 

The measurements relating to the gas-liquid and gas-solid 
equilibria with known gas phases were carried out by enclosing 
gaseous nitric oxide—peroxide mixtures of known composition at a 
convenient pressure in a bulb fitted with a spring manometer and 
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determining the P-T' curve. As long as the contents were entirely 
gaseous, the pressure fell slowly in accordance with the ordinary 
thermal contraction, but as soon as liquid or solid separated, the 
pressure fell more rapidly. The P-7' curve obtained thus con- 
sisted of two branches; at their intersection the P and 7’ values 
represent the conditions at which liquid (or solid) just comes into 
equilibrium with gas of the composition introduced into the 
spring. 

Five springs of the form shown in Fig. 2b were joined to a com- 
mon line, four having extra bulbs B attached as shown. The line 
was connected to the pumps and through a 1400 c.c. bulb to a bulb 
of nitric oxide—peroxide mixture prepared in the usual way. The 
springs and bulbs were baked under high vacuum and sealed from 
the pump. The septum was then broken with a piece of iron 
enclosed in a glass tube, operated by a solenoid; the gas streamed 
into the springs, the large 1400-c.c. bulb preventing too violent a 
surge which would endanger the springs, and also enabling larger 
samples to be expanded. In preparing the mixture, the volumes 
were so chosen that all the material was gaseous in the bulb before 
expanding, and the total pressure after expansion was about 5 cm. 

The pressure in the mantles was adjusted to 2-5 cm. before the 
septum was broken, so there was an excess pressure of the same 
amount inside the springs after the expansion. This is a safe 
overload for this type of gauge. Time was allowed for pressure to 
become equalised throughout the apparatus, and then each spring 
was sealed off with its auxiliary bulb. Finally, the contents of 
each bulb and spring were frozen out in the lower portion of the 
latter (A in Fig. 2b), the process being completed with liquid air 
which had been cooled by evaporation under the pump ; the auxiliary 
bulb was then sealed off. Thus, on being warmed, each of the 
five springs contained a portion of the known gaseous mixture at a 
different pressure. A series of P~T7' observations was conducted 
with each of these springs, the same bath, thermocouple, and 
manometers being used as for the vapour-pressure observations. 

The data for the P-T7' discontinuities of these sets of springs are 
given in Table I. It is seen that each set gives a series of five 
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TaBs.E I, 
Series I, Series II. Series ILI. Series IV. 
Spring NO,, 50-2%. NO,, 30-2%. NO,, 69-38%. NO,, 89%. 
No. P. T P. T. P. qT. P. TT. 
67°5 35° «79-4 Ss — «222° «4-25 10° 162-2 — 1-5° 


1 

2 43-1 — 44 510 — 97 266 — (7:5 105-5 —12-5 
3 22-5 . —17-0 27°38 —193 15:9. —16-4 60-0 —16°5 
4 112 —28-5 14:6 ~—30°3 7-2 —27-0 24:9 —32-4 
5 496 —40-1 63 —42-5 2-95 —37-5 715 —47-5 
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points for a given gas composition, and the data for the P-—X and 
T-X diagrams of the system are interpolated from these data. 
The peroxide content is expressed as mols. %, and P is given in 

















































cm. of mercury in this and the succeeding table. 
Fie. 3. 
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In Table II are given the smoothed values of the vapour pressures 
of liquids of known composition. In series V the composition of 
the liquid phase corrected for the nitric oxide in the gas phase is 
given in column 6. The values are not extrapolated beyond the 
regions observed. 
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Taste II. 
Series I. Series II. Series III. Series IV. Series V. Series VI. 
Temp., NO,, NO,, NO,, NO,, NO,, 
Abs. 72:8%.  85-6%. 76-0%,. 56-6%. a. b. 628%. 
280° 69-9 
270 65-0 40-2 59-9 129-1 352 51-6 98-0 
260 38-9 27-8 35-2 83-5 294 50-9 63-0 
250 22-6 14-2 20-7 51-1 252 50-5 36-6 
240 12-1 9-5 11-9 29-2 218 50-2 20-7 
230 5-7 5:8 6-0 14-4 194 49-9 10-5 
220 3:5 6-2 181 49-9 4°6 
210 2-3 175 49-9 2-1 
200 170 49-9 


The data of Table II lie satisfactorily on the curve through 
Baume and Robert’s points; but in the light of series V their 
extrapolation to composition N,O, (shown dotted, Fig. 3) is not 
justifiable, since a mixture containing only a trace of nitric oxide 
in excess of composition N,O, never exerts a pressure below 2 atm. 
till all the trioxide is frozen solid, and liquid nitric oxide begins to 
separate. The curve must therefore fall off very sharply as shown 
by the full curve. Measurements in this region involve pressures 
higher than are desirable in plain blown glass apparatus, and the 
technique has been considerably varied for this portion of the 
investigation which forms the subject of a later paper. 

The fact that the gas phase contains only a very small proportion 
of nitrogen peroxide renders any boiling-point determination by 
dynamic methods entirely useless on account of the rapid change of 
composition undergone by the liquid. Similarly, any attempt to 
purify a liquid of composition near to N,O, by fractionation will in 
effect separate it into the two components. 


The authors wish to express their thanks to Professor H. B. 
Baker, F.R.S., in whose laboratory this work was carried out, for 
his kindly interest. They also desire to thank the Government 
Grants Committee of the Royal Society for providing funds for the 
purchase ofa pump. One of them (G. H.C.) expresses his gratitude 
to the Trustees of the Beit Fellowships for Scientific Research for a 
Fellowship during the tenure of which the above work has been 
carried out. 
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107. The Solubility of Silver Thiocyanate in 
Aqueous Ammonia. 


By Francis JosePH GARRICK and CHRISTOPHER LUMLEY WILSON. 


GintL (Ber. Wien. Akad., 1869, 60, 474), by dissolving silver thio- 
cyanate in warm aqueous ammonia, isolated the compound 
AgCNS,NH, (compare also Weith, Z. Chem., 1869, 381; Géssmann, 
Annalen, 1856, 100, 76), described as glistening plates which 
rapidly lost ammonia on exposure to air. Apart from the four 
approximate determinations of Abegg and Cox (Z. physikal. Chem., 
1903, 46, 1), however, no measurements of the solubility of silver 
thiocyanate in aqueous ammonia appear to have been made. The 
solubility isotherm at 25° has therefore been determined over a 
wide range of ammonia concentrations from N upwards, and the 
compositions of the solid phases, evident from Fig. 1, have been 
investigated. 
EXPERIMENTAL. 

Materials.—Silver thiocyanate, prepared by precipitation from 
ammonium thiocyanate and silver nitrate (A. R.), was freed from 
any possible contamination with chloride by employing excess of 
thiocyanate and digesting the precipitate with the mother-liquor. 
It was then thoroughly washed, and in some experiments dried at 
110°, whilst in others it was used in the moist condition. No 
difference of final solubility was ever observed corresponding to 
this difference in treatment, though the dried samples came to 
equilibrium more slowly and frequently gave, at first, metastable 
points on the prolongation of the silver thiocyanate curve in regions 
where the stable solid is a compound with ammonia. In all these 
cases the solubility decreased steadily, on continued stirring, to 
the normal value. 

Solubility Measurements.—Method. Ammonia solution and silver 
thiocyanate were placed in a flask having two necks, one of which 
was closed by a bung until required for sampling, while the other 
carried an electrically driven stirrer mounted in a liquid seal. 
Heavy paraffin was used as sealing liquid, since with mercury, 
which was tried at first, contamination of the solution sometimes 
occurred. The flask was mounted in a thermostat maintained at 
25-00° + 0-01° (for details of thermostat, see Hume, J. Opt. Soc. 
Amer., 1929, 19, 158), and the mixture was stirred violently for 
some hours before each analysis. 

Sampling was carried out as follows. A small flask, fitted with 
a bung and stopcock, was weighed and then partially evacuated. 
It was connected through a small sintered-glass filter to a sampling 
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tube which was introduced into the solubility flask. By opening 
the stopcock, a suitable quantity of the solution could be drawn 
into the flask. The tube and filter were now disconnected, the 
stopcock opened momentarily to admit air up to atmospheric 
pressure, and the flask and its contents weighed. Before use, the 
connecting tube and filter were warmed to the thermostat tem- 
perature, and the suspended solid in the solubility flask allowed to 
settle; thus guarding against clogging the filter and allowing rapid 
sampling. This minimised the risk of error due either to cooling 
of the solution or to the evaporation of ammonia from it. As a 
check, samples were occasionally taken from the supernatant clear 
liquid without use of the filter, and these gave results in agreement 
with those obtained by the ordinary method. 

The samples were titrated with standard nitric acid, bromo- 
phenol-blue being used as indicator, and the precipitated thiocyanate 
was collected on a Gooch crucible, washed, dried at 110° (the most 
satisfactory temperature according to van Name, Amer. J. Sci., 
1900, 10, 451), and weighed. With the more concentrated solutions 
it was necessary to guard against loss of ammonia during the 
titration. This was effected by attaching a funnel to the sampling 
flask, and running into it a suitable quantity of the standard acid. 
On opening the stopcock, the absorption of ammonia vapour pro- 
duced a sufficient reduction of pressure to draw the acid into the 
flask without the possibility of loss of ammonia. In this way the 
bulk of the ammonia was neutralised, and the titration could be 
completed in the usual manner. 

Results. Each solution was analysed several times with intervals 
of stirring, and each result quoted is the mean of at least two final 
concordant analyses. The ammonia concentrations were repro- 
ducible to 0-2%, the silver thiocyanate concentrations to 0-3%. 
The results are collected in Table I, concentrations of both sub- 
stances being expressed in g.-mols. per 1000 g. of solution. 


Tasiez I. 
‘ [AgCNS [AgCNS 
Solid phase. [NH]. x 10%. | Solid phase. [NH,]. x 103. 
1-026, B17 3-684 19-91 
1587. 8-54 3767 20-31 
AgCNS 1-840 10-01 4-335 22-84 
2178 12-84 4504 23-41 
2-276 12-92 527 27-94 
2-440 13-76 adiiiatan: 1o0eec01 toes 
58 14-54 : 6-60. | 34-89 
AgCNS,4NH;,3H,0 12-848 15-90 ° \ 7:35... 39-66 
(2) 2-915 16-36 7-47 40-62 
8049 17-34 8-04. B18 
17-80 9-91. . 62-0 
AgONS,NH; {3-395 | 19-42 11:36 791 
(14-69 159-6 
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A plot of the two variables shows “ breaks” at concentrations 
of ammonia very near the two points [NH,] = 2-276 and 3-049. 
This is depicted in Fig. 1, which gives the curve between NW and 4N. 
The evidence for the compositions of the solid phases is described 
in the next two sections. 

Solid Phases.—Experiments without reference substances. The 
analysis of the solid phases proved more difficult than had been 
anticipated. Any. direct analysis was out of the question owing 
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to the rapidity with which they decomposed on being separated 
from the mother-liquor, and except in the case of the phase richest 
in ammonia, this difficulty was enhanced by the slimy character 
of the suspensions obtained. 

It thus became clear at an early stage that indirect methods 
must be adopted. A large number of rough analyses were carried 
out during the solubility measurements, by a method depending 
on the assumption that the solid phases contained no water. These 
were supplemented by a number of experiments involving the use 
of a reference substance. 
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The first series was carried out as follows. After equilibrium 

had been attained, and the composition of the solution fixed (in 
determining a point on the solubility curve), a sample was taken in 
the usual way except that the filter was omitted. A suspension of 
solid and solution was thus obtained, of known total weight. 
Matters were so arranged as to have as large a proportion of the 
former as possible, but in the majority of cases this was only about 
10% of the whole. The total ammonia and total thiocyanate in 
the sample were then determined, and hence the weight of water 
by difference. If all the water was assumed to be present in the 
liquid phase (of known composition), the weights of ammonia and 
of silver thiocyanate present in the solid phase could be calculated. 
This procedure involved a considerable multiplication of errors, 
especially in view of the small proportion of solid phase. On the 
other hand, the importance of errors due to the incorrectness of the 
assumption that the solid contains none of the water is reduced 
for the same reason. The probable experimental error in the 
ammonia : silver thiocyanate ratio was 1—5%, and if the solid 
contained equal numbers of molecules of silver thiocyanate and 
water, an apparent value for this ratio of from 80% to 95% of the 
correct value would be obtained (according to the concentration of 
the solution). 

An example will show the method of calculation : 

Percentage composition of solution: NH3;, 16-92; AgCNS, 1-032. 

Hence H,0 by difference, 82-05. 


Weight of sample (liquid plus solid) ... 91-82 g. 
SONI 3.55 bobusnsesccccesceccepssecce 14-73 (+ 0-02) g. 
Total silver thiocyanate ................4 10-37 g. 
Hence total water in sample ............... 66-72 g. 


Thus, associated with 66-72 g. of H,O in solution we have: 
NHs;, 13-76 (+ 0-02) g., and AgCNS, 0-84 g.; and the solid phase 
consists of: NH,, 14-73 — 13-76 =0-97 (+ 0-02) g.; AgCNS, 
10-37 — 0-84 = 9-53g. The molecular ratio NH,/AgCNS in solid = 
0-99 (+ 0-02). (If the solid contains one molecule each of AgCNS, 
NHsg, and H,0, calculation shows that this ratio becomes 1-22.) 

These experiments gave the following results. On the highest 
part of the curve, ammonia : silver thiocyanate ratios of from 0-95 
to 1-02 (mean 0-985) were obtained. The margin of experimental 
error was 1—5%, while recalculation on the assumption that the 
solid phase contained 1 mol. of water per mol. of silver thiocyanate 
gave a mean ratio of 1:10. This may be taken to imply fairly 
definitely that the solid phase is AgCNS,NH, and cannot contain 
more than a small proportion of water. 
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On the lowest portion of the curve the results indicated silver 
thiocyanate as solid phase, the amount of ammonia apparently 
associated with the solid being within the experimental error. 

On the intermediate section the results were less definite. The 
NH, : AgCNS ratios were less concordant, varying from about 0-4 
to 0-49. This suggested that the solid phase consisted of 
AgCNS,3NH,,7H,0, where z is probably less than 1. 

A further series of experiments was now undertaken with a 
view to obtain more accurate values of the NH,: AgCNS ratio, 
and at the same time to determine experimentally the water con- 
tent of the solid phases. 

Experiments with reference substance. It was decided to bring to 
equilibrium in a closed vessel a weighed amount of pure dry silver 
thiocyanate and a weighed amount of an ammonia solution of 
previously determined composition. The solution would contain a 
known concentration of some suitable reference substance, and 
from changes in concentration of this and of the ammonia it would 
be possible to calculate the composition of the new solid formed. 
It was hoped to work with about equal weights of solid and solution, 
and thus to reduce the multiplication of errors (due to determin- 
ation as difference) to a factor of about 2. This, however, proved 
impracticable, for a suspension of silver thiocyanate or its ammine 
in less than about three times its weight of water forms a slimy 
mud which cannot be satisfactorily manipulated. The multiplying 
factor was thus from 4 to 7, as against from 5 to 20 in the experiments 
already described. , 

Unexpected difficulty was experienced in finding a suitable refer- 
ence substance; one, that is, which could be accurately estimated, 
and would neither react with the substances present nor be appre- 
ciably adsorbed from a dilute solution by a relatively large bulk 
of a finely divided solid. After various substances had been tried 
and rejected, potassium thiocyanate in about 0-1N-concentration 
was chosen, and appeared satisfactory on the whole, though there 
were indications of a slow loss of thiocyanate from the solution on 
prolonged shaking with the solid. 

The solutions were shaken with the solid for two days, and then 
samples were analysed. Sampling was carried out in the same way 
as in the solubility measurements, except that there was an addi- 
tional preliminary filtration, to prevent clogging, by means of a 
glass-wool filter at the opening of the sampling tube. The samples 
were titrated with standard nitric acid, and the precipitated silver 
thiocyanate collected and weighed, the potassium thiocyanate in 
the filtrate being then determined either gravimetrically or 
volumetrically, the bromophenol-blue already present being used 
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as an adsorption indicator (compare Garrick, Proc. Leeds Phil. 
Soc., 1931, 2, 301). 
An example will illustrate the results obtained. Initial com- 
position of solution (weight normalities) : 
KCNS 0-1102, NH, 6-676. 
Composition of mixture: AgCNS 48-87 g.; solution 125-58 g. 
Final composition of solution (weight normalities) : 
KCNS 0-1147, NH, 4-529. 
As the concentration of KCNS increased from 0-1102 to 0-1147, the 
total weight of solution phase must have decreased by this ratio. 
Hence, total weight of final solution is 
0-1102/0-1147 x 125-58 = 120-6 g. 
Now, knowing the total weight and the compositions of both the 
initial and the final solution, we can calculate how much water 
and ammonia have been taken up by the solid : 


Initial soln.,g. Final soln.,g. Taken up by solid, g. 


Total weight ...... 125-58 120-6 —_ 
KONG oc.ciccresiccss 1-345 1-345 a 
Mn, . breseprpooncdess 14:27 9-30 4-97 
ABUNE  cpcocccccces —- 0-21 — 
H,O (by diff.) ... 109-97 109-75 0-22 


The solid thus contains AgCNS 48-66 g., NH, 4-97 g., H,O, 0-22 g. 
This gives as composition of the solid : AgCNS, 0-997NH,,0-04H,0, 
and is typical of the results obtained on the highest part of the 
curve, confirming to within 1% the formula AgCNS,NH,, and 
showing the absence of appreciable quantities of water. 

On the middle section, however, the results were less satisfactory. 
Equilibrium was attained very slowly, and when a very long time 
was allowed for reaction, there were indications that the solution 
was slowly losing thiocyanate, possibly by adsorption. The results 
approximated to the formula AgCNS,4NH,,4H,0, but the variations 
were wider than could be accounted for by the experimental error, 
the ammonia being usually low, and the water high. The extremes 
were NH, 0-48—0-505, H,O 0-54—0-63. There was no indication 
of a progressive variation with the concentration of the solution, 
such as would be found if a range of solid solutions was formed, 

It may be therefore concluded that the solid phase stable above 
[NH,] = 3-049 is AgCNS,NH,; that stable between [NH,] = 2-276 
and 3-049 appears to be AgCNS,}NH,,3H,0, but this is regarded as 
requiring further investigation. 


Summary. 


1. The solubility of silver thiocyanate, at 25°, in aqueous ammonia 
solutions of concentration from 1 to 14N, has been measured, 
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2. The curve indicates the existence of two solid phases con- 
taining ammonia. 

3. Evidence bearing on the compositions of these phases has 
been obtained. 


THE University, LEEDS. [Received, January 18th, 1932.] 





108. Intermetallic Compounds formed in Mercury. 
Part I. The Tin-Copper System. 


By AxexanpER SmitH RussEtt, Peter Victor FERDINAND 
CazaLeT, and Neviiz Maxstep Irvin. 


TuE possibility that binary intermetallic compounds may be formed 
by obtaining two metals in mercury at ordinary temperature 
was first pointed out by Russell (Nature, 1930, 125, 89). It might 
be assumed a priori that if such compounds were formed they would 
be very unstable or that the presence of mercury as medium or 
third metal would be a complication. With some metals, however, 
this is not so. A number of binary and ternary compounds are 
formed easily, and some of their properties can be investigated 
without their removal from the mercury. The first system to be 
investigated, tin and copper, is so far the simplest and most 
fruitful. The compounds found have the empirical formule : 
SnCu,, SnCu,Hg, Sn,Cu,Hg,,, SnCu,;Hg;., SnCu,Zn, Sn,CugZn,, 
Sn,Cu,Zn,Hg,,;, SnCu,Hg,, SnCu,Hg,, and SnCu,Zn,. With the 
exception of the first, these compounds are new. ‘Tin-copper 
compounds formed by melting the two metals together seem 
confined to SnCu, (Mylius and Gromm, Ber., 1894, 27, 637; Le 
Chatelier, Compt. rend., 1896, 120, 835; Bornemann and Sauer- 
wald, Z. Metallk., 1922, 145, 2451), Sn,Cu,, (Bradley, Phil. Mag., 
1928, 6, 878; Bradley and Thewlis, Proc. Roy. Soc., 1926, A, 112, 678 ; 
Bradley and Gregory, Mem. Manchester Phil. Soc., 1927, 72, 91) 
and, with much doubt, to SnCu, (Le Chatelier, Compt. rend., 1896, 
120, 835; Sackur and Pick, Z. anorg. Chem., 1908, 58, 46; Desch, 
“‘ Intermetallic Compounds,’’ London, 1914, p. 61). 

The phrase intermetallic compound is. used here merely to mean a 
combination of two or three metals which on chemical analysis 
approximately obeys the law of constant proportions, possesses a 
simple empirical formula, and differs in its solubility in mercury and 
in its reducing power towards oxidising agents from at least one of 
the constituent metals. Thus SnCu, invariably gave on analysis tin 
and copper in the atomic ratio of 1 : 2; it is quite insoluble in mercury, 
whereas tin and copper have solubilities at the ordinary temperature 
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of ca. 2% and 0-002% respectively ; it fails to reduce the cupric ion 
to the metal and reduces the uranyl to the uranous ion to a small 
extent, whereas these reductions are easily accomplished by tin in 
mercury. 

The majority of the compounds would not have been found had 
the obvious procedure of removing them from the mercury before 
analysis been followed. Removal from the great mass of mercury is 
simple because the compounds are all insoluble in it, but subsequent 
treatment, such as distillation under reduced pressure, to remove the 
last traces of mercury, led to dissociation into the component metals 
or to a residue of tin and copper in atomic ratio approximately 1 : 4 
with a variable mercury content. The instability of the compounds 
and the power of some of them for combining with different quantities 
of mercury made an investigation of their formulz in situ in mercury 
essential, and this is the only one so far carried out in detail. A 
general method of chemical analysis of the compounds was worked 
out on the validity of which most of the information obtained about 
them depends. It was based on simple volumetric methods and on 
facts suggested by earlier work in this laboratory on amalgams. On 
account of its importance with regard to the validity of the work to 
be described, and of its radical departure from the usual way of 
substantiating the entity of intermetallic compounds (e.g., the 
thermal method of analysis), it is described in some detail. 


EXPERIMENTAL. 


Preliminary Experiments.—These were carried out by shaking 
acidified permanganate in stoppered bottles with amalgams con- 
sisting of about 1 g. of a single metal in about 200 g. of mercury. 
The amalgam was prepared either by direct addition (for bismuth, 
cadmium, lead, thallium, tin, and zinc) or by electrolysis (for all the 
other metals mentioned). Onsimple theory, it is to be expected that 
so long as the surface of the mercury in contact with the oxidising 
agent is completely covered by a more reactive metal, that metal 
should do the whole of the reduction. Experimentally it was found 
that theory was approximately fulfilled for amalgams of bismuth, 
cadmium, iron, lead, thallium, tin, and zinc. When one of these 
was gently shaken with acidified permanganate so that part of the 
latter only was reduced, no mercuric ions were detected in the partly 
reduced solution unless the mass of the metal was no more than a 
few mg. in 200 g. of mercury. (If any had been temporarily formed 
they are unlikely to have been reduced back to metal in presence of 
permanganate.) It was deduced that when any one of these metals 
is oxidised by acidified permanganate it is unaccompanied by mercury 
either as medium or as part of a complex. The behaviour of iron 
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may be taken as an illustration of this, because there the quantitative 
proof of the statement is especially simple. An amalgam containing 
0-1 g. of iron was shaken gently with 50 c.c. of N /10-permanganate 
until about half the latter had been reduced. The excess was 
determined by oxalic acid. Iron was determined by reduction, 
followed by titration with permanganate. If x atoms of iron and 
y atoms of mercury together reduce the permanganate, the ratio of 
the permanganate reduced to that required to titrate the iron finally 
must be (3a + 2y)/z. This has a minimum value of 3 when y is 
zero, i.¢., When mercury takes no part in the reduction. This was 
invariably the experimental value obtained except with iron amal- 
gams containing a few mg. only in about 200 g. of mercury, ¢.g., 
28 c.c. gave 9-3 c.c., 40 c.c. gave 13-5 c.c., 1035 c.c. gave 348 c.c. 

When amalgams of cobalt, copper, chromium, manganese, 
molybdenum, nickel, titanium, tungsten, uranium, and vanadium 
were similarly shaken with excess of acidified permanganate, mercuric 
ions were invariably found in the partly reduced solution, implying 
either that these metals formed a complex with mercury or that they 
were so similar in reactivity to mercury that the latter accompanied 
them in the reduction. For amalgams of copper, chromium, 
manganese, and titanium, however, the latter possibility is excluded. 
When any of these were vigorously shaken after the permanganate 
had been decolorised, the solution obtained showed no trace of 
mercurous or mercuric ions. It was deduced that, for these metals, 
complexes with mercury had been formed and that these must be 
more reactive than mercury since they are able to reduce mercuric 
ions to the metal. 

The next set of preliminary experiments were carried out by 
obtaining two metals, each more reactive than mercury, in an amal- 
gam and observing how they were removed when shaken vigorously 
with acidified permanganate. It was expected from the results of 
the first experiments that the mone reactive metal, provided it did not 
form a complex with the second, would be removed without trace of 
the other until its concentration became very small, that the rest of 
it would be removed simultaneously with the second metal, and then 
that this second metal would behave with regard to mercury as the 
first had done with regard to it. This was found to occur with the 
following systems: Bi-Cu, Pb-Cu, Bi-Fe, Pb—Fe, Cd-Fe. The 
following result is illustrative. 0-280 G. of iron was obtained in 250 g. 
of mercury electrolytically, and 0-653 g. of cadmium added directly. 
After an hour’s standing, the amalgam was shaken vigorously with 
acidified N /10-permanganate, 1 c.c. at atime. Not till 116 ¢.c. had 
been reduced was iron detectable in the reduced solution qualita- 
tively. After 118 c.c., cadmium ceased to be detectable in the 
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same solution. For a further 95 c.c., ferrous but no mercurous or 
mercuric ions were detected. After 5 ¢.c. more, the amalgam on 
being shaken broke into a mass of small bubbles, a sign that mercury 
alone was present. During the last few c.c., both iron and mercury 
were detectable in the reduced solution. From these data it can be 
calculated that until 0-646 g. of cadmium had been removed iron 
took no part in the reduction although present to the extent of 
0-280 g. The 3 c.c. of permanganate which oxidised both metals 
were found on analysis to have oxidised 5 mg. of cadmium and 6 mg. 
of iron. The remaining 100 c.c. could not have oxidised more than 
0-280 g. of iron since some of it had oxidised mercury. The quan- 
tities of cadmium and iron accounted for, 0-651 g. and less than 
0-286 g. respectively, arein satisfactory agreement with the quantities 
originally contained in the amalgam. 

If, however, the second metal forms a complex with the first, 
simple theory suggests that the complex would lie between the two 
metals in reactivity, and, therefore, that the more reactive metal 
(presumed to be present in excess) would alone be removed by 
oxidation till it was reduced to the mass required to form the 
complex with the second metal. The complex would at this point 
be revealed, provided it was unable to reduce, or was prevented from 
reducing to metal, the ions of the less reactive metal forming the 
complex. This is more likely to occur when the oxidation is carried 
out in presence of excess of permanganate, but it was found to occur 
even when the shaking with permanganate was vigorous after it had 
been decolorised. Complex formation was found in the following 
systems: Sn-Cu, Zn-—Cu, Sn-Fe, Zn-Fe, Cd-Cu, Mn-Cu. The 
details of the first four of these form the subject matter of this and 
the following papers. In all these systems the reducing powers of 
the complexes were found to be so close to those of the less reactive 
metals (copper or iron) that the ions of the latter were not appreciably 
reduced to metal by the complex by vigorous shaking for short 
periods. These complexes therefore could be examined both by the 
methods of hard shaking, and of gentle shaking with permanganate 
kept in excess, as described below. Tin and copper exemplify this 
case: 1 g. of tin was added to 0-334 g. of copper in 250 g. of mercury 
and shaken with 5 c.c. portions of acidified N /10-permanganate till 
the pink colour was just destroyed. (In these circumstances no 
stannous or cuprous ions can be formed, and it was found that no 
mercurous or mercuric ions were formed.) For 46 portions no copper 
was detected in the solution by the addition of ammonia or of 
potassium iodide. In the next portion, however, and in all subse- 
quent portions until the amalgam was converted into pure mercury, 
both copper and tin were detected. By the quantitative methods to 
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be described it was found that tin and copper in the amalgam were 
being oxidised in the atomic ratio of 1: 2. The 46 portions of 5 c.c. 
of permanganate had reduced the tin content to 0-317 g. The copper 
content was then 0-334 g. These masses are very close to the atomic 
ratio of 1 : 2. 

The foregoing results may be summarised as follows. Pre- 
liminary work with various metals of the B sub-groups and of the 
transition or pre-transition groups of the periodic classification 
suggested strongly that when one metal was being oxidised by per- 
manganate it was either totally uninfluenced by the presence of a 
second or that it formed a definite complex with it. About 50 such 
complexes have already been found in the various systems examined. 
In every case the sum of the valency electrons of the atoms forming 
the empirical compound is 9 or 12 or some simple multiple of these 
numbers. In view of this regularity and of the other properties 
mentioned above, the word “ compound ” instead of ‘‘ complex ” 
will be used hereafter. 

Quantitative Method of Analysis—The compounds of tin and 
copper te be described were very similar in reducing power towards 
oxidising agents in dilute sulphuric acid, and lie between bismuth 
and copper, close to the latter. They had no appreciable action on 
acidified copper, stannous, or stannic sulphates, but could reduce 
agents whose oxidation-reduction potentials, ez, exceeded + 0-5 
volt; permanganate, dichromate, quinquevalent vanadium, ferric 
sulphate, and mercuric sulphate were reduced to manganese and 
chromium sulphates, quadrivalent vanadium, ferrous sulphate, and 
mercury respectively. Their reactivity exceeded that of mercury 
sufficiently to prevent the latter from partaking in the reduction until 
the intermetallic compound was diminished to a few milligrams. 
From work (Russell and Evans, J., 1927, 125, 2223) on the more 
reactive tin and the less reactive copper, it was assumed that the 
compounds were all 100% efficient as reducing agents, 1.e., the mass 
of material oxidised was exactly equivalent to that of the oxidising 
agent reduced. When a compound of general formula SnCu,Hg, 
was shaken vigorously for a minute in a stoppered bottle with 20.c.c. 
of N/10-permanganate and 50 c.c. of 2N-sulphuric acid, all three 
metals took part in the reduction, but since mercuric ions were 
reducible to the metal by the compound, stannic and cupric ions in 
the atomic ratio 1 : x and equivalent to the volume of permanganate 
reduced remained. In this solution of stannic, cupric, and mangan- 
ous, but no mercuric ions, copper could be determined without 
difficulty by the potassium iodide-thiosulphate method. If 6 be the 
volume of N/10-thiosulphate required, then 20/6 = (4 + 2z)/z, 
since with permanganate tin is oxidised to stannic and copper to 
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cupric ion, whereas with potassium iodide cupric is reduced to 
cuprous ion. When the compound was shaken gently with excess of 
permanganate in sulphuric acid, the mercuric ions produced were 
not reduced to metal. In this case if @ be calculated on 20 c.c. of 
N/10-permanganate, 20/6 = (4 + 2a” + 2y)/2x, since now, in addition 
to the same changes as before, mercury is oxidised to mercuric ion. 
As x is known, y also is known. 

In practice, after the amalgam had been vigorously shaken with 
acidified permanganate, the liquid was decanted through a filter, the 
amalgam washed with dilute acid, and liquid and washings treated 
with a few drops of permanganate till the pink colour persisted. 
Potassium iodide was then added, and copper determined. As a 
check on the method and the solutions used, a 2% amalgam of 
copper was treated in the same way. With this, 20 c.c. of N/10- 
permanganate should correspond with 10 c.c. of N/10-thiosulphate. 
It gave as a mean value 10-25 c.c., and this value was used to correct 
the experimental values obtained with the intermetallic compounds. 
No experiments were relied upon which had not been checked in 
this way. 

In the experiments in which the permanganate remained in 
excess, it was found unnecessary to remove mercuric ions before 
copper was determined. They do not liberate iodine from potass- 
ium iodide. The excess of permanganate was most conveniently 
determined by titration with uranous or titanous sulphate or with 
oxalic acid, the first two being quicker than the last because they 
react at the ordinary temperature. Their oxidised forms do not react 
with potassium iodide. In some experiments mercuric ions were 
removed, and it was found best to do this by shaking the solution 
with a 2% cobalt amalgam which does not react with cupric ion, or 
give ions which liberate iodine from potassium iodide. 

Formation and Analysis of SnCu,.—1 G. of tin was dissolved in 
200 g. of mercury at the ordinary temperature, and shaken very 
vigorously for a few minutes in a stoppered bottle with a concentrated 
solution of copper sulphate in 4N-sulphuric acid. The tin in the 
amalgam was at first oxidised to the stannous condition and copper 
ion reduced to metal, but this was found to combine with the remain- 
ing tin to give a compound which proved unable to reduce the cupric 
ion. After a time, therefore, no diminution of the concentration of 
cupric ion occurred, and this marked the completion of the formation 
of the compound. 

The compound was not formed by the addition of the requisite 
quantity of tin to an amalgam of copper at ordinary temperature, or 
by electrolysing the requisite amount of copper into a tin amalgam. 
In such circumstances some of the tin remained uncombined when 
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the amalgam was examined within a few hours of being prepared. 
When this was removed from it by oxidising agents, there remained 
compounds in which the atomic ratio of tin to copper was either 1 : 3 
or1:4. At ordinary temperature, however, the addition of tin to a 
copper amalgam in an atomic ratio greater than 0-7 gave free tin and 
the compound SnCu,, the former being completely removed by 
oxidising agents before the latter. 

The compound, examined immediately after preparation, was such 
that successive portions of 20 c.c. of N/10-permanganate gave 
consistently 5-0 c.c. of N/10-thiosulphate, both with vigorous shaking 
and when permanganate was kept in excess, wntil the compound was 
removed wholly from the mercury. In consequence x = 2, y = 0, and 
the empirical formula of the compound is SnCu,. The compound 
was quite insoluble in mercury when filtered more than once through 
a ground-glass filter of Gooch type with pores sufficiently large to 
allow mercury to pass freely under the pressure produced by a water- 
pump; no traces of copper or of zinc were found in the mercury. 
Observations on the reducing power of this compound towards 
uranyl sulphate, quadrivalent vanadium ion, and copper sulphate 
showed that it was close to, but definitely above, that of copper. 

Decomposition of SnCu,.—All preparations of this compound in 
mercury, when left to stand at ordinary temperature for different 
times, were found to give uncombined tin and either SnCu,Hg, or 
SnCu,Hg,, where y is a small integer. The conditions for ensuring 
stability are still under investigation, but preliminary results point 
to the following. Concentrations of about 0-5% in mercury are 
more stable than those of 2—5%. The former tend to decompose 
into uncombined tin and SnCu,Hg,, the latter to tin and SnCu,Hg,. 
The transitions were simply followed by shaking the amalgams at 
intervals very vigorously with portions of 20 c.c. of N/10-per- 
manganate in acid, and determining the copper ion produced. 
Before decomposition, 6 was constant at 5-0 c.c.; after, it remained 
zero for many portions and then became 6-0 or 6-7 c.c., remaining 
constant till the compound was removed from the mercury. The 
former value corresponds with an atomic ratio of tin to copper of 
1 : 3, the latter with one of 1:4. If the mercury which is known to 
be combined with SnCu, and SnCu, is omitted, the following equations 
express what has occurred : 3SnCu,=2SnCu,+Sn; 6SnCu, = 
38nCu, + 38n. In both cases the tin liberated corresponded in 
amount with that required by the above equations. Thus, in one 
experiment 3-25 g. of SnCu, were left to decompose for 6 hours. At 
the end of this time 8 portions of 20 c.c. of N/10-permanganate 
failed to oxidise any copper. The ninth portion required 4:5 c.c. of 
N/10-thiosulphate. Thereafter 44 portions gave a mean value of 
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about 60 c.c. Further oxidation showed that mercury alone 
remained. Of the 1060 c.c. of N/10-permanganate used, 178 c.c. 
oxidised tin, the remainder the SnCu,. The calculated figures for 
the tin and the SnCu, produced by 3-25 g. of SnCu, are 176 and 881 
respectively. (Mercury did not come into these calculations since 
with vigorous shaking no mercuric ions were finally produced.) 

Formation, Analysis of, and Decomposition of SnCu,;Hg,.—5 G. of 
tin dissolved in 200 g. of mercury were shaken gently with excess of 
acidified copper sulphate solution for 5 minutes or until there was no 
alteration in the concentration of cupric ion.. The amalgam, freed 
from copper sulphate solution, was shaken vigorously with successive 
portions of acidified NV /10-permanganate to remove any uncombined 
tin present, t.e., until the blue colour of cupric ions appeared. The 
amalgam then contained the compound required. The compound 
could also be prepared by heating the above quantities of tin and 
mercury on a water-bath with excess of copper sulphate solution for 
4 hour and removing uncombined tin as before. Provided that 
quantities of the order of 5 g. of compound were made, it could be 
obtained by adding about 10% in excess of the theoretical amount 
of tin to a copper amalgam, allowing it to stand for 4 hour, and 
removing the excess of tin. Attempts to do this with quantities of 
the order of 1 g. usually resulted in the production of SnCu,Hg,. It 
could also be prepared by the decomposition of SnCu, as mentioned 
above. Analysis by the general method gave mean values of 0 (for 
20 c.c. of N/10-permanganate) of 6-0 c.c. of N /10-thiosulphate, when 
the shaking was vigorous, and three different values, 5-0, 2-85, and 
2-0 c.c., when the shaking was gentle in presence of excess of per- 
manganate. The value 5-0 was obtained when the compound had 
been freshly prepared, and the other two when it had stood for 
many hours. Many experiments supported each of these three 
values when vigorous shaking at the same time gave the uniform 
value 6-0, but the conditions necessary to obtain the values 2-85 and 
2-0 are not yet clearly known. These results give a value of z of 
3-0, and values of y, 1-0, 5-5, and 10-0. The empirical formulz 
are SnCu,Hg, Sn,Cu,Hg,,, and SnCu,;Hg,5. Assuming the valency 
electrons for tin, copper, and mercury to be 4, 1, and 2 respectively, 
these compounds have 9, 36, and 27 electrons respectively, a result 
which may be of significance. 

Formation of SnCu,Zn and Sn,Cu,Zns.—To 2 g. of Sn,Cu,Hg;,, 
5 g. of zinc in 200 g. of mercury were added, allowed to react at 
ordinary temperature, and the excess of zinc removed. This was 
quickly done by depositing a film of tungsten on the surface of the 
amalgam and covering it with dilute sulphuric acid (Russell and 
Rowell, J., 1926, 1881). When the evolution of hydrogen ceased, the 
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amalgam was shaken with permanganate till the blue colour of 
copper sulphate appeared, so that any uncombined zinc remaining 
might be oxidised before the less reactive compound. Then, for 
20 c.c. of N/10-permanganate in sulphuric acid, whether with 
vigorous shaking or with the permanganate in excess, the copper 
obtained was equivalent to 5 c.c. of N/10-thiosulphate.* On the 
assumption that the ratio of tin to copper had not been altered by 
the addition of zinc, this result established that the compound has 
the formula SnCu,Zn, without any combined mercury, a result 
confirmed by the determination of zinc volumetrically by the 
ferrocyanide method. The assumption was justified because when 
the amalgam of the compound stood for 24 hours, zinc dissociated 
from it, combined with acid in presence of the tungsten, and so was 
completely removed. The compound which remained was shown by 
analysis to be Sn,Cu,Hg,,, one of the forms of SnCu,Hgy,. 

The replacement of only one of the mercury atoms of the compound 
SnCu,Hg, by zinc suggested that the first mercury atom might be 
differently combined with the SnCu, from the others. Further work 
still in hand, however, has disposed of this suggestion. A stable 
compound with approximately 2-5 atoms of zine appears to be 
formed, uncombined with mercury. Further, there are conditions 
in which SnCu,Zn combines with about 7 or 8 atoms of mercury and 
the provisional formula for this form, Sn,Cu,Zn,Hg,;, has been 
adopted. All of these compounds in presence of acid change 
ultimately to SnCu,Hg, in 24—72 hours at the ordinary temperature. 

Preparation and Properties of SnaCu,Hg,.—This compound resulted 
from the decompositions of SnCu, and SnCu,Hg in the circumstances 
mentioned above. It could also be prepared by adding equal masses, 
not exceeding 0-5 g., of tin and copper to 200 g. of mercury, allowing 
the mixture to stand, and removing uncombined tin. On analysis, 
« was found to be 4-0 and y either 2-0 or approx. 8. The empirical 
formule are consequently SnCu,Hg, and SnCu,Hg, with valency 
electrons 12 and 24 respectively. The former compound was usually 
obtained when the alloy was freshly prepared, the latter when it had 
stood for some hours, but further conditions have not yet ‘been 
defined. When zinc in excess was added to either, a compound free 
from mercury and of empirical formula SnCu,Zn, was obtained, 
analogous to that given by zinc and SnCu,Hg. It was also similarly 
decomposed by treatment with acid at 100°, regenerating SnCu,Hg,. 

The compound SnCu,Hg, as ordinarily prepared was stable in 
mercury. A preparation of SnCu,;Hg which was stable at the 
ordinary temperature was converted into SnCu,Hg, by an hour’s heat- 
ing on a water-bath in presence of acidified copper sulphate. On cool- 
ing and standing, this compound apparently reverted to SnCu,Hg as 
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shown by the general method of analysis. Thus the number of c.c. 
of N/10-thiosulphate obtained when 20 c.c. of N/10-permanganate 
had been vigorously shaken with the compound changed from 6-7 
to 6-0 after decomposition. The latter value was found, however, 
not to be constant. Successive oxidations with permanganate 
caused it to rise towards 10-0 c.c., which suggested that copper 
uncombined with tin was present and being removed increasingly 
with the SnCu,, as would be expected since it is the less reactive. 
That free copper was present was shown by solubility measurements. 
Before decomposition, nothing but the mercury of the amalgam 
passed through the filter; after, copper in concentration equal to its 
solubility in mercury (viz., 0-002%), but no zinc, was detected in it. 
The decomposition of SnCu,Hg, can therefore be formulated as 
SnCu,Hg,= SnCu,Hg + CuHg, and its formation from SnCu,Hg as 
58nCu,Hg + Cu” + 3Hg = 48nCu,Hg, + Sn”. 


Discussion of Results. 


The stability of the compounds formed seems to depend primarily 
upon their concentration in the mercury in which they are suspended : 
SnCu,Hg, is stable when its concentration is 3% or more of the 
mercury. At a concentration of one-tenth of this, SnCu,Hg, is 
stable. At one-tenth of its stable concentration, SnCu,Hg, decom- 
poses into SnCu,Hg, and tin; at ten times its stable concentration 
SnCu,Hg, decomposes into SnCu,Hg, and copper. SnCu, is never 
very stable. It is more stable, however, at a concentration of 0-3% 
than at 3%. At the former concentration it appears to decompose 
directly into SnCu,Hg,, which is understandable, since at that 
concentration the intermediate SnCu,Hg is itself unstable. At the 
latter concentration it does not decompose beyond SnCu,Hg. 

The variability in the mercury content of SnCu,Hg and SnCu,Hg, 
is a puzzling phenomenon. Freshly prepared SnCu,Hg seems able to 
add on either 4} or 9 additional atoms of mercury, and SnCu,Hg, 
6 additional atoms. There have been indications also that SnCu,, 
which usually has no combined mercury, sometimes appears as 
SnCu,Hg,. There is thus a possibility that additional mercury 
atoms, in number equal to half that of the valency electrons of the 
compound may be added. 

The compounds are not obviously members of any class known to 
metallurgists. Hume-Rothery (J. Inst. Metals, 1926, 35, 295) has 
pointed out that in some cases the compositions of the “‘ -phases ” 
were such that the ratio of valency electrons to atoms was approxi- 
mately 3/2. The @-phases round the compositions ZnCu, AlCu,, 
and SnCu, in the systems Zn—Cu, Al-Cu, and Sn—Cu, for example, 
have 3, 6, and 9 electrons to 2, 4, and 6 atoms respectively, copper 
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being regarded as having one electron. Bradley and his collaborators 
(loc. cit.) extended this generalisation to the ‘“‘ y-phases.” These, 
for example Sn,Cu;,, ZngCu;, and Al,Cuy, have 21 electrons to 13 
atoms. The compounds formed in mercury conform rather to the 
former type, in that most of them have valency electrons in numbers 
3, 6, or 9 or simple multiples of these, and not 21; not, however, in 
having the number of atoms two-thirds of that of theelectrons. Only 
by counting quadrivalent tin as two bivalent atoms can SnCu, be 
regarded as one of these compounds. Then SnCu,Hg, SnCu,Zn, and 
SnCu,Hg, could be regarded as compositions of SnCu, with CuHg 
or CuZn, both of which conform to the 3-electron—2-atom rule. 

It is clear, however, that the number of electrons, 9 or 12, which 
some of the compounds have, appears to be more significant than the 
number of atoms which give rise to them, and this is borne out by 
the study of zinc and copper compounds in the following papers, and 
by unpublished work on other systems. The compounds which 
contain different quantities of combined mercury do not stand 
outside this generalisation ; nor do the two compounds of tin, copper, 
and zinc, Sn,Cu,Zn,Hg,, and Sn,Cu,Za;, which have been pro- 
visionally examined. The systems Zn-Cu, Zn—Fe, Sn—Fe, Mn-Cu, 
and others in mercury are at present under investigation, and full 
discussion is reserved till these results are available. 


Summary. 


Stable compounds of tin and copper with or without mercury are 
formed in mercury at the ordinary temperature. A method for 
determining their empirical formule without removing them from 
the mercury in which they are suspended is described. Three of the 
compounds are of the form SnCu,,(CuHg),, where n = 0, 1, and 2. 
The second (n = 1) can have its mercury atom replaced by 1 and 
probably by 2-5 zinc atoms; it can also exist with either 4} or 9 
additional atoms of mercury. The third (n = 2) can have its two 
atoms of mercury replaced by two atoms of zinc; it can also exist 
with 6 additional atoms of mercury. All of the compounds have 
valency electrons equal to 6, 9, or 12, or some simple multiple of 
these numbers, and to this extent they are akin to the compounds 
in the Sn—Cu, Zn—Cu, and Al-Cu systems round which the $-phases 


range. 


Dr. Lee’s Laporatory, Cxrist CHURCH, 
OxrForp. [ Received, October 26th, 1931.] 
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109. Intermetallic Compounds formed in Mercury. 
Part II. The Zince—Copper System. 


By ALexanpeR SmitH Russeiy, Peter Victor FERDINAND 
CazaLeT, and Nevit Maxstep Irvr. 


Tas work is a continuation of that reported in the preceding 
paper. The compounds formed have the empirical formule ZnCu, 
ZnCu,Hg,, Zn,Cu,, and Zn,Cu,Hg. Copper forms CuHg which is 
partly dissociated in mercury at the ordinary temperature into free 
copper. The zinc compownds except ZnCu are new. Other workers 
have reported the existence of various zinc-copper compounds, 
chiefly from a study of the physical properties of alloys, of which 
ZnCu,, ZnCu, Zn,Cu,, Zn,Cu, Zn,Cu, and Zn,Cu have found most 
support (Mellor, “‘ Treatise on Inorganic and Theoretical Chemistry,” 
London, 1923, IV, 672). The doubt as to whether Zn,Cu or Zn,Cu, 
more correctly represents the -phase of zine-copper alloys, on 
which the physical evidence was conflicting (Desch, “ Intermetallic 
Compounds,” London, 1914, p. 97), has apparently been settled by 
the work of Bradley and his collaborators (Phil Mag., 1928, 6, 
878; Proc. Roy. Soc., 1926, A, 112, 678; Mem. Manchester Phil. 
Soc., 1927, 72, 91). Their view is that the compound is Zn,Cu;,. 
This and the compound ZnCu, round which the 8-phase ranges, are 
now considered to be the best substantiated compounds. It is 
almost certain that the former is not formed in mercury, for other- 
wise it would have been found. On the other hand, there is no 
evidence from work on zinc-copper alloys that the well-defined 
compound Zn,Cu, formed in mercury exists. 


EXPERIMENTAL. 


Formation of ZnCu and Zn,Cu;.—5 G. of zinc were added to 
200 g. of mercury and shaken in a stoppered bottle with a con- 
centrated solution of copper sulphate in 2N-sulphuric acid. The 
zine at first reduced cupric ion to metal, but this combined with 
zinc to form a compound unable to reduce cupric ion. Before this 
quantity of zinc was wholly converted into the zinc-copper com- 
pound the amalgam became viscous so that further shaking became 
difficult. The viscosity was destroyed by separating the mercury 
from the semi-solid paste by squeezing the amalgam through a 
handkerchief and adding the mercury to the paste. The resultant 
mixture was scarcely more viscous than pure mercury. This was 
shaken with more acidified copper sulphate until it again became 
viscous, the above process being repeated several times. The final 
amalgam was then shaken with permanganate acidified with 
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2N-sulphuric acid, to remove uncombined zinc, until the blue colour 
of cupric ion appeared. After this point, shaking with acidified 
permanganate whether vigorously, to reduce any mercuric ions 
formed, or gently, keeping the permanganate in excess, gave con- 
sistently for 20 c.c. of N/10-permanganate quantities of cupric ion 
equivalent to 5-0 c.c. of N/10-thiosulphate. Hence x and y in the 
general formula ZnCu,Hg, are 1 and 0 respectively, since (2 + 2% +- 
2y)/x = 20/5 and (2 + 2a)/x = 20/5. 

When freshly prepared this compound gave no detectable solu- 
bility in mercury and could be kept for weeks at the ordinary 
temperature without appreciable decomposition. All attempts to 
prepare from it a compound richer in zinc failed; free zinc and the 
unchanged compound invariably resulted. The compound Zn,Cu, 
was most simply prepared from ZnCu by heating the amalgam 
containing a trace of tungsten upon it for 2 hours on a water-bath 
with 2N-sulphuric acid. Slowly the latter compound decomposed 
into free zinc and the former compound, the zinc being removed 
from the system by reacting with the acid in presence of the 
tungsten catalyst. After a time, the evolution of hydrogen ceased 
and this marked the completion of the change. The new com- 
pound, shaken with successive portions of N/10-permanganate, 
acidified with sulphuric acid, gave consistently cupric ion equivalent 
to 7-1—7-2 c.c. of N/10-thiosulphate per 20 c.c., both with vigorous 
shaking, and with gentle shaking keeping the permanganate in 
excess. Hence x and y in the general formula are 2-5 and 0 respect- 
ively; the formula is Zn,Cu;. This compound was completely 
insoluble in mercury and stable both at the ordinary temperature 
and at 100°. The addition of zinc in excess to its amalgam for 30 
minutes yielded ZnCu, which remained after the more reactive zinc 
had been oxidised by permanganate. The two compounds are 
therefore related by the equation 5ZnCu == Zn,Cu, + 3Zn. 

The electrode potentials of these compounds have still to be 
determined, but observations on their reducing powers towards 
uranyl sulphate and copper sulphate in acid solution show that they 
resemble copper closely, the descending order of reactivity being 
ZnCu, Zn,Cu;, Cu. Because of this, neither compound in presence 
of copper can be removed by oxidation without being accompanied 
by it, so the obvious method of preparing compounds, viz., the 
addition of the requisite quantities of zinc to copper amalgams, is 
inapplicable. Mixtures of zinc and copper, with the latter in excess 
of that required to form ZnCu, when oxidised, gave zinc ion and 
cupric ion in approximately constant proportion, suggesting that 
what was oxidised was a compound. Further examination, how- 
ever, showed that, as oxidation proceeded, zinc less and less, copper 
FF 
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more and more were oxidised, suggesting that as the more reactive 
compound was diminished in concentration the less reactive copper 
was taking an increasing part in the reduction. 

Preparation of ZnCu,Hg, and Zn,CugHg.—When a dilute amalgam 
of ZnCu was heated for 4 hours or more at 100° with excess of 
acidified copper sulphate, with stirring or periodical shaking, a 
compound was obtained which required 7-5 and 5-0 c.c. of N/10- 
thiosulphate per 20 c.c. of N/10-permanganate, according as the 
shaking was vigorous or the permanganate kept in excess. Hence 
x = 3, y = 2, and the empirical formula is ZnCu,Hg,. This com- 
pound was stable in acid at ordinary temperature, completely 
insoluble in mercury and converted into ZnCu by the addition of 
excess of zinc to its amalgam for 30 minutes, followed by removal 
of the excess. The equations 2ZnCu + Cu” + 2Hg = ZnCu,Hg, 
+ Zn", and ZnCu,Hg, + 2Zn = 3ZnCu + 2Hg represent what has 
occurred, 

When an amalgam of Zn,Cu, was vigorously shaken for 15 minutes 
with excess of acidified copper sulphate at 100° a new compound 
was found. Its analysis corresponded to ZnCu,Hg,. It was 
thought that this compound was related to the other, as apparently 
are SnCu,Hg, SnCu,Hg,,, and SnCu,Hg,, or SnCu,Hg, and 
SnCu,Hg,, but the zinc compounds have not yet been found to 
change into each other as do the other related compounds; the 
compound ZnCu,Hg, may be constitutionally different from 
ZnCu,Hg,. On standing for a few hours at the ordinary temperature, 
it decomposed into Zn,Cu, and free copper ; the values of the thio- 
sulphate titrations, constant at 7-5 and 6-7 c.c. (for vigorous or 
gentle shaking respectively) before decomposition, became 7-1 and 
7-1 c.c. after. On continued oxidation, the former value slowly 
rose, not only to 7-5, but towards 10-0, suggesting that free copper 
was becoming more and more oxidised relatively to the Zn,Cu,. 
That free copper wag present was shown by solubility measurements. 
Before decomposition nothing but the mercury of the amalgam 
passed through the filter; after, copper in concentration equal to 
its solubility in mercury, 0-002%, but no zinc, was detected in it. 
The decomposition of Zn,Cu,Hg can therefore be formulated as 
Zn,Cu,Hg = Zn,Cu, + CuHg; the equation for its formation, how- 
ever, cannot be given till it is known how Zn,Cu, decomposes in 
presence of cupric ion. The decomposition is similar to that of 
SnCu,Hg, into SnCu,Hg and CuHg. Further, the first is obtained 
from the second by a method similar to that for the formation of 
Zn,Cu,Hg from Zn,Cu,. 

The compounds described are those most simply prepared, but 
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there are indications of at least an equal number of others. They 
are not considered here because the conditions under which they 
are formed have still to be fully investigated. As with tin com- 
pounds, the concentration of zinc-copper material in the mercury 
appears to be an important factor in determining what a particular 
procedure will produce. For instance, whereas Zn,Cu, is the usual 
product obtained by heating an amalgam of ZnCu at 100° for some 
hours, Zn,Cu,Hg has several times been obtained by starting with 
a different concentration. Again the usual procedure for obtaining 
the latter, given above, has sometimes resulted in Zn,CugHg, under 
what appear to be identical conditions. 

Formation and Decomposition of CuHg.—Evidence that copper 
and mercury form a compound which could most simply be repre- 
sented by the formula CuHg was first given by Joule (J., 1863, 16, 
378 ; Mem. Manchester Phil. Soc., 1865, 2,115). Guntz and de Grieft 
(Compt. rend., 1912, 154, 357) gave evidence for the existence of 
CuHg and Cu,Hg;. In each of these cases the compound was 
obtained as the residue of an amalgam from which the excess 
mercury had been removed by great pressure. By analogy with 
the compounds ZnCu and Zn,Cu,, it was expected that CuHg and 
Cu;Hg, might be formed in mercury. The former, but not the latter, 
has been found. 

2 G. of copper were obtained in 200 g. of mercury by electrolysis 
and examined by the method given above for compounds containing 
mercury. 20 C.c. of N/10-permanganate led to a mean value of 
5-75 c.c. of N/10-thiosulphate. This figure corresponded closely 
with a formula Cu,Hg, (Cale.: 5-71 c.c. of N/10-thiosulphate). 
40 C.c. of N/10-permanganate, however, were found to lead to 10-75 
and not 11-5 c.c. of N/10-thiosulphate. These results suggested 
that, in addition to a compound of formula approximately CuHg, a 
constant small quantity of uncombined copper was being oxidised 
by the permanganate because the difference between the two 
volumes of permanganate taken, 20 c.c., led to a value of thio- 
sulphate 5-0 c.c. which was proportionately lower than the value 
obtained with 40 c.c., itself lower than that obtained with 20 c.c. 
To test this suggestion, portions of N/10-permanganate, 1, 2, 3, 4, 
and 5 c.c., were shaken with the amalgam till the pink colour was 
just rendered invisible, and the solutions obtained analysed (a) 
for copper quantitatively by the potassium iodide method, (b) for 
mercury qualitatively. In (a) 1 c.c. of N/10-permanganate should 
finally require 0-5 or 0-25 c.c. of N/10-thiosulphate according as 
copper only or CuHg was doing the reduction. The values obtained 
for the portions taken were 0-5, 1-0, 1-5, 1-85, 2-1 ¢.c. of N/10-thio- 
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sulphate. These showed that, up to 3-5 c.c. of N/10-permanganate, 
the reducing agent wes copper only, i.e., with this amalgam at 
ordinary temperature there was approx. 0-01 g. of copper uncom- 
bined or more loosely combined than the rest, and that this is 
oxidised before the combined copper and therefore is presumably 
more reactive. Qualitative tests showed that, up to 3 c.c. of 
permanganate, mercury could not be detected in the oxidised 
solution. It was detected with 4 c.c. and greater volumes. Qualit- 
ative tests for mercury showed also that when all the free copper 
had been removed from the amalgam by permanganate, a new 
supply was not instantaneously generated by the amalgam: a 
time of the order of 15 secs. was required. It is difficult, however, 
to be sure that all the free copper has been removed before attempt- 
ing an experiment to determine the formula of the copper-mercury 
compound. It was found best to shake varying quantities of 
permanganate, greater than 10 c.c., with the amalgam containing 
free copper, determine the corresponding values of thiosulphate, 
and calculate the differences in the thiosulphate titre for 20 c.c. 
differences in the permanganate titres. The mean value obtained 
in 10 experiments ranged from 5-0 to 5-20 c.c. For CuHg the 
value should be 5-0, for Cu,,;Hg,,. it should be 5:2. It is deduced 
that the compound of copper in mercury is not richer in copper 
than the latter and in view of the difficulty of eliminating free 
copper entirely, the presence of which would give high results, its 
formula is probably the former. Since this work was done five 
additional compounds, ranging from Cu,Hg to CuHg,, have been 
found. 
Discussion of Results. 


There are some points of resemblance between zinc compounds 
and the tin compounds described in the previous paper. If written 
as Zn,Cu,, ZnCu may be regarded as SnCu, in which two bivalent 
atoms replace one quadrivalent. The other zinc compounds have 
either 9 or 12 valency electrons in the molecules of their empirical 
formule, as have some of the tin compounds. ZnCu,Hg, may be 
written ZnCu(CuHg),; SnCu,Hg and SnCu,Hg, may be written 
SnCu,(CuHg) and SnCu,(CuHg),. Zn,Cu,Hg and a compound 
found but not discussed here, viz., ZngCugHg,, may be written 
Zn,Cu,;(CuHg) and Zn,Cu,(CuHg),. There is thus both with zinc 
and tin the possibility of series of compounds of the form R(CuHg),, 
where 7 is a small integer. 

Summary. 


The methods of formation and decomposition of ZnCu, ZnCu,Hgp, 
Zn,Cu;, ZngzCu,Hg, and CuHg, compounds formed in mercury at 
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ordinary temperatures or at 100°, have been studied. The relations 
of these to each other and to similar compounds of tin, copper, and 
mercury have been briefly discussed. 


Dr. Lexr’s LABoratTory, Cuorist CHURCH, 
OxFoRD. [Received, October 26th, 1931.] 





110. Intermetallic Compounds formed in Mercury. 
Part III, The Zn-Fe System and Part of the 
Sn-—Fe System. 


By ALEXANDER SMITH RussELL and Henry ANTHONY 
Montacu Lyons. 


Tis work continues that reported in the two preceding papers. 
The compounds of zinc and iron found are Zn,Fe,, Zn,Fe,Hg, 
ZnFe,, Zn,Fe,,Hg, and ZnFe,Hg; and of tin and iron, SnFe, and 
SnFe,Hg. There are probably also three further compounds inter- 
mediate in composition between the two tin-iron compounds 
named: they await further investigation and are not described 
here. The compounds found are all new. In a preliminary 
account of part of this work (Nature, 1930, 125, 89) the existence 
of ZnFe and ZnFe, was reported. The former has not been sub- 
stantiated, although similarity between the systems Zn-Fe and 
Zn-Cu, subsequently observed, suggests it.as a possibility. The 
latter was not considered at the time as possibly compounded with 
mercury, but is now found to be ZnFe,Hg. Previous reports of 
compounds of zinc and iron are confined to the zinc-rich compounds 
Zn,Fe and Zn,Fe, the former being formed at 777°, the latter from 
Zn,Fe and liquid at 662° (von Vegesack, Z. anorg. Chem., 1907, 52, 
30; Raydt and Tammann, ibid., 1913, 83, 257). Evidence for the 
existence of at least one compound of tin and iron, depending upon 
thermal arrests at 893°, 780°, and 496°, was obtained by Isaac 
and Tammann (ibid., 1907, 53, 281) but the formule were quite 
undetermined. Compound formation between iron and mercury 
has not previously been examined. 

The seven compounds whose empirical formule have been given 
were quite insoluble in mercury. Their amalgams were close to 
iron amalgam in reducing power towards oxidising agents in sul- 
phuricacid. They reduced permanganate, dichromate, and quinque- 
valent vanadium rapidly, reduced mercuric ions to metal and ferric 
ions to ferrous quantitatively, reduced quadrivalent vanadium and 
uranyl ions to a small extent only, and had no effect on cupric or 
stannic ions in sulphuric acid. They are thus similar to tin-copper 











858 RUSSELL AND LYONS: 


and zinc-copper compounds previously studied, and were accord- 
ingly investigated by similar methods. In the “ hard-shaking ” 
method the amalgam was vigorously shaken with acidified per- 
manganate for 4 minute after the permanganate had been decolor- 
ised. The final changes then occurring were Zn—>Zn™ and 
Fe —> Fe” for zinc compounds, and Sn—> Sn" and Fe — Fe” 
for tin compounds, any mercury temporarily oxidised to the mer- 
curic state being reduced back to metal. The liquid was then 
decanted through a filter, the amalgam washed twice with dilute 
acid, and liquid and washings titrated with standard permanganate. 
The ratio of the standard permanganate used in oxidising the com- 
pounds in the amalgam to that required to titrate the ferrous ions 
produced is theoretically for the compound ZnFe,Hg,, (2 + 2z)/z, 
and for the compound SnFe,Hg,, (4 + 2x)/x. For a pure iron 
amalgam the experimental value of this ratio was within 1% of 
2-0, the theoretical value, showing that the method was reliable. 
In the “ soft-shaking ” method the amalgam was gently shaken 
with acidified permanganate for } minute, the latter being kept 
inexcess. The changes then occurring were Zn —> Zn”, Fe —> Fe’, 
and Hg —> Hg” for zinc compounds, and Sn —> Sn**"’,Fe —> Fe", 
and Hg—» Hg” for tin compounds. The solution and its wash- 
ings were then titrated with standard oxalic acid to determine the 
excess of permanganate. The hot solution was shaken for a minute 
with a cadmium amalgam which reduced the mercuric ions to 
metal and the ferric ions to ferrous, but, as control experiments 
showed, had no reducing effect on the stannic ions. This liquid 
was decanted through a filter and with its washings titrated with 
standard permanganate. The ratio of the permanganate used in 
oxidising the compound in the amalgam to that required to titrate 
the ferrous ions finally is, theoretically, for the compound ZnFe,Hg,, 
(2 + 3a + 2y)/x, and, for the compound SnFe,Hg,, (4 + 32 + 
2y)/x. For a pure iron amalgam the value of the ratio determined 
by the method just described was within 1% of 3-0, the theoretical 
value, since no mercury takes part in the reduction in this case 
(see p. 843). Provided that consistent values of the permanganate 
titre can be obtained for both “ hard-shaking ’’ and “‘ soft-shaking ”’ 
experiments, the empirical formula of any compound present should 
be determinable without the necessity of the difficult determin- 
ation of zine or tin. The former experiment gives the value for 2, 
and the latter that for y. The theoretical values of the volumes of 
N/10-permanganate required to titrate the iron produced by 
oxidation with 20 c.c. of N/10-permanganate for each of the com- 
pounds found are given below. Although they are not very diverse, 
they are sufficiently so to characterise the compounds found. 
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Formula. Zn,Fe,, Zn,Fe,Hg. ZnFe, Zn,Fe,,Hg. ZnFe,Hg. SnFe,. SnFe,Hg. 

C.c. (hard- 

shaking)... 7-14 7-50 8-00 8-57 8-89 5-00 7-50 
C.c. (soft- 

shaking)... 5:26 5-00 5-71 5°71 5-71 4-00 5-00 

In all cases where mercury was indicated by the permanganate 
results, it was first confirmed by qualitative analysis and then 
determined without difficulty by a volumetric method. All the 
reducing agents tried except stannous sulphate reduced both ferric 
and mercuric ions. Stannous sulphate in sulphuric acid was found 
to react with mercuric ions at the ordinary temperature without 
appreciably reacting with ferric ions, but it was impracticable to 
employ it owing to the difficulty of removing the small quantity 
of metallic mercury formed before titration of the remaining 
stannous sulphate with iodine. The simplest way was as follows: 
50 c.c. of N/10-permanganate were shaken with the amalgam by 
the soft-shaking method. After titration with standard oxalic 
acid, the solution was divided into two parts. The first was shaken 
vigorously with cadmium amalgam to remove mercuric ions, the 
ferrous ions, also resulting, being then oxidised in the cold with 
permanganate. This was then shaken vigorously for a minute 
with a copper amalgam. Ferric iron was reduced to ferrous with 
equivalent production of copper sulphate which was determined by 
the thiosulphate method. The second half of the solution was 
directly shaken with the same copper amalgam for the same period 
and the copper determined with the same. thiosulphate solution. 
In the second case both ferric and mercuric ions are reduced, the 
former as before, the latter to the metal which dissolves in the 
amalgam and is thus removed from the solution. It can easily be 
shown that the difference between the two. thiosulphate titres 
bears the same ratio to twice the smaller thiosulphate titre as the 
number of atoms of mercury to that of iron. The method was 
proved to be satisfactory by determining the thiosulphate titres 
resulting from different known volumes of mercuric and ferric ions 
in presence of manganous and zinc ions, and by its use on the well- 
defined compound Zn,Cu,Hg. 


EXPERIMENTAL. 


Preparation of Zn,Fe, and of Zn,Fe,Hg.—5 G. of zine were dis- 
solved in 300 g. of mercury, and into this, 3 g. of iron were electro- 
lysed. The viscous mass stood for a day before it was examined 
for compounds. On repeated hard shaking, zinc alone was found 
to be oxidised until nearly 3-5 g. of it had been removed. Iron 
was then oxidised in slowly increasing quantities until the per- 
manganate titre from hard shaking reached 7-1 or 7-2 c.c. for ten 
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successive oxidations with 20 c.c. of N/10-permanganate. At this 
point the titre from soft shaking varied only from 5-2 to 5-3 c.c. 
calculated on 20 c.c. of N/10-permanganate, and no mercury was 
detected in the liquid. These values strongly suggest the presence 
of Zn,Fe;. After standing over-night, the amalgam contained free 
tin. When it was removed by oxidation, the titres were 7-5 c.c. 
for hard shaking and 5-0 c.c. for soft shaking, and mercury was 
easily detected in the partly reduced permanganate solution. These 
values indicate Zn,Fe,Hg. This compound did not dissociate 
appreciably during the day on which it was examined, and there 
was no difficulty in obtaining consistent values for both titres. 
3 G. of zinc were now added to the amalgam in an endeavour to 
obtain evidence of a compound richer in zinc than Zn,Fe,;. The 
whole was set aside at ordinary temperature for 7 days to ensure 
adequate time for combination. Free zinc was again removed by 
the very laborious process of oxidation with acidified permanganate 
till a point was reached at which iron was detected in the solution. 
At this point the titres obtained indicated Zn,Fe,, the same result 
as before. No repetition of the experiment gave any indication of 
ZnFe, a possible compound, since ZnCu, Zn,Cu;, and Zn,CugHg 
have been found previously, and Zn,Fe, and Zn,Fe,Hg in this 
work. ZnFe, if it existed, was much less likely to be missed if the 
free zinc was slowly removed than if it were rapidly removed by 
the tungsten-film method (Russell and Rowell, J., 1926, 1883). 
In eight experiments in which excess of free zinc was removed by 
the latter method, Zn,Fe, resulted in three cases and Zn,Fe,Hg 
in five, the titres being either 7-1 and 5-3 or 7-5 and 5-0 c.c. It 
was concluded that Zn,Fe,Hg is the more stable of the two, and 
that they are related by the expression 6Zn,Fe; + 5Hg == 
5Zn,Feg,Hg + 2Zn. 

Formation of ZnFe,, Zn,Fe,,.Hg, and ZnFe,Hg.—The last was 
found to be a stable compound, and the richest in iron content of 
all those yet examined. It was formed from an amalgam of 
Zn,Fe,Hg, on which tungsten had earlier been deposited, by 12 
hours’ warming at 100° with dilute sulphuric acid. During the 
first hour’s heating, hydrogen was appreciably evolved, showing 
that Zn,Fe,Hg was unstable at 100°. The hard-shaking titres 
obtained were consistently 8-9—9-0 c.c., and the soft-shaking titres 
5-6—5-75 c.c. Mercury was detected qualitatively. After a week’s 
standing at ordinary temperature, no changes from these values 
were found. They correspond with ZnFe,Hg. 

At ordinary temperature and in absence of the catalytic tungsten, 
the change from Zn,Fe,Hg to ZnFe,Hg was sufficiently slow to 
indicate compounds intermediate in composition. The amount. of 
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decomposition is evidently a function of time, temperature, amount 
of catalyst present, and probably concentration of the mass of zinc 
and iron in the mercury. A detailed examination of this has still 
to be done. Numerous experiments have shown, however, that 
when amalgams of Zn,Fe,Hg had stood for different times, and the 
free zinc was removed either by acid when tungsten was present 
or by oxidation with permanganate when it was absent, or by 
filtration of the amalgam through a ground-glass filter of Gooch 
type with pores sufficiently large to allow mercury to pass through 
under the low pressure of a water pump, invariably one of three 
sets of titres was obtained: 8-0 and 5-7, 8-6 and 5-7, or 8-9 and 
5-7 c.c. Thus, after one hour’s heating at 100° with dilute acid in 
absence of tungsten, and removal of the free zinc formed, 8-0 and 
5-7 c.c. were obtained, indicating ZnFe,. This was kept for a week 
at ordinary temperature; free zinc was again found, and on its 
removal 8-6 and 5-7 c.c. were obtained, indicating Zn,Fe,,Hg. 
This was examined daily for the next 3 days; it did not dissociate 
appreciably. At the end of a week some free zinc was found, and 
on its removal after two weeks the titres indicated the compound 
ZnFe,Hg. This did not change in the next 4 weeks to any com- 
pound richer in iron. In the filtration experiments, the free zinc 
was not wholly removed by the first filtration despite the fact that 
the amount present was many times smaller than the solubility of 
zinc in mercury: it was sorbed on the insoluble paste of com- 
pound. The paste was therefore treated with 200 g. of pure mer- 
cury, kept for 15 minutes, and filtered again, the process being 
repeated till the mercury filtrate was found to contain no zinc. 
Of the two intermediate compounds found, Zn, Fe,,Hg was obtained 
in repetitions of the experiment always, and ZnFe, sometimes. 

It can be objected that ZnFe, and Zn,Fe,,Hg may be simply 
mixtures in different proportions of the stable compounds Zn, Fe,Hg 
and ZnFe,Hg. The latter certainly looks as if it might be made 
up of ZnFe, and ZnFe,Hg in equimolecular proportion. This 
objection can only be adequately met by a more detailed examin- 
ation of the problem than has yet been given, but meanwhile it 
may be said that (a) it is unlikely that, if mixtures are possible, 
there should be two of them only and of such a composition as to 
appear to be ZnFe, and ZnFe,,Hg; (b) that it is unlikely that 
ZnFe, with no mercury in its composition could be made up of 
compounds containing mercury. In favour of the objection, how- 
ever, is the unlikelihood that the points at which one compound 
had broken up completely into zinc and a second without any of 
the second being broken up, should often be found experimentally. 
Experience, however, of both the Sn-—Cu and the Zn—Cu system 
FF2 
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(in mercury) suggests that the break up of a compound is very 
rapid once it begins: the decomposition is not a continuous or 
gradual change. A compound may remain stable for a long time 
and then quite rapidly break up into free tin or zinc and a new 
compound. If this were true also of zinc-iron compounds the 
point in favour of the objection may not be valid. 

When the mass of iron in 250 g. of mercury is less than 1 g., 
and the zinc is added to the iron amalgam instead of the iron being 
electrolysed into the zinc amalgam, ZnFe,Hg is the only compound 
definitely formed. The chance of forming compounds between zinc 
and iron is obviously much smaller in this case, since the soluble 
zine has to combine with an insoluble paste of iron instead of with 
atoms of iron obtained from electrolysis. In this case, however, 
the possibility of other compounds is indicated, although their 
composition cannot be determined. If ZnFe,Hg were the only 
compound formed in these circumstances, it is to be expected that, 
as soon as the excess of zinc had been removed, the permanganate 
titre from hard shaking would rise rapidly from 0 to about 8-9 c.c. 
In all experiments made, however, about half of the iron put into 
the amalgam is removed before the point is reached, after which 
the titre of 8-9 c.c. becomes constant. A typical set of readings 
obtained with an amalgam containing about 0-6 g. of iron when 
free zinc had been removed by oxidation is as follows: 0-0, 0-6, 
7-9, 8-3, 8-4, 8-5, 8-6, 8-6, 8-9, 8-9, 8-9, 8-9, 8-9, 8-9, 1-3, . . ., the 
dots representing the point at which all of the zinc and iron had 
been removed from the amalgam. An iron amalgam to which no 
zine had been added gave under similar conditions a succession of 
values varying from 10-0 to 10-1 ¢.c. In one of the experiments, 
the mercury content was determined by the soft-shaking method 
after the maximum titre by hard-shaking had been attained and 
found to be, as before, one atom of mercury for each molecule of 
ZnFe,. 

Preparation of SnFe, and SnFe,Hg.—10 G. of tin were added to 
300 g. of mercury. Into this were electrolysed about 5 g. of iron. 
The viscous mass was examined after a few hours’ standing by the 
hard-shaking method. Until about 5 g. of tin had been removed 
by oxidation, no iron was found in the solutions obtained by shak- 
ing portions of 20 c.c. of N /10-permanganate, acidified with sulphuric 
acid, with the amalgam. As soon as the presence of iron was shown 
by the fact that the solution after hard-shaking could be titrated 
with permanganate, measurements were begun. Six successive 
measurements gave titres of 5-0 c.c. for hard-shaking, and four 
successive measurements gave 4-0 c.c. for, soft-shaking, indicating 
a compound SnFe,. Mercury was tested for in the partly reduced 
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solution resulting from soft-shaking and found to be absent. This 
confirms the absence of combined mercury in the compound estab- 
lished by the quantitative measurements. To this amalgam 2 g. 
of tin were added. After 24 hours it was examined. No com- 
pound richer in tin than SnFe, was found ; as soon as the free tin 
had been removed, the permanganate titres indicated the presence 
of SnFe, as before. During the next 3 days this amalgam was 
kept at 100° and vigorously shaken from time to time with acidified 
permanganate to remove any tin which may have dissociated from 
the compound. The composition of the tin—iron complex was then 
determined. The permanganate titres obtained were consistently 
7:5 and 5-0 c.c. for hard- and soft-shaking respectively, and these 
values remained constant till the amalgam was exhausted. They 
correspond with a stable compound SnFe,Hg. Repetitions of 
these experiments gave SnFe, as the initial and SnFe,Hg as the 
final product. No compound richer in iron than the latter appeared 
to be formed by decomposition of the former. Between these 
compounds there were indications of SnFe,Hg, SnFe,Hg,, and SnFe,, 
but they will not be further discussed until more work has been 
done upon them. 

The Reaction between SnFe, or SnCu, and Ferric Sulphate.—In 
preliminary work it was found that when ferric sulphate oxidised 
an amalgam of SnCu,, the tin was oxidised to the stannic state 
without apparently going through the stannous state. This has 
now been confirmed by Mr. P. V. F. Cazalet, and a similar effect 
with SnFe, has been found by Mr. J. Howitt and us. When a tin 
amalgam is vigorously shaken with 20 c.c. of N/10-ferric sulphate 
in sulphuric acid, the tin oxidised is shown by quantitative deter- 
mination to be wholly in the stannous state, for, on this supposi- 
tion, the solution resulting should require 40 c.c. of N/10-per- 
manganate for titration, which is the experimental result (Russell 
and Evans, J., 1925, 127, 2226). Tin amalgam, however, does not 
reduce stannic to stannous ions in sulphuric acid, and it is con- 
cluded therefore that ferric ions do not react appreciably with 
stannous ions at ordinary temperature. It is consequently expected 
that, when an amalgam of SnCu, reduces ferric sulphate quanti- 
tatively, the changes occurring would be Sn —> Sn" and Cu—> Cu”. 
On this supposition the permanganate titre for 20 c.c. N/10-ferric 
sulphate can be calculated to be 26-67 c.c. of N/10-solution. The 
experimental value, however, was invariably 20-0, showing that 
there were no stannous ions produced to be titrated by the extra 
volume (6-67 c.c.) of N/10-permanganate. If they had been tem- 
porarily produced they could not have been oxidised by ferric or 
cupric ions, since neither of these react with stannous ions. The 
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tin in the compound must accordingly have been directly oxidised 
to the stannic state. 

When SnFe, was shaken vigorously with ferric sulphate, the iron 
oxidised was wholly in the ferrous state. It can be calculated that 
if stannous ions only are formed, 20 c.c. of N/10-ferric sulphate 
should result in a titre of 33-33 c.c. of N/10-permanganate, and, if 
stannic ions are formed, a titre of 25 c.c. The latter value was 
invariably found experimentally. In this compound also, therefore, 
tin is directly oxidised to the stannic condition by ferric sulphate. 
Similar experiments with other tin-copper and tin-iron compounds 
containing mercury apparently lead to the same conclusion, but 
the point at issue can only be tested with mercury-free compounds. 
If the compound contains mercury, ferric sulphate will oxidise it 
to the mercurous condition, and mercurous ions may be capable of 
oxidising stannous to stannic ions under the experimental con- 
ditions. Tin would therefore appear as stannic in the solution after 
vigorous shaking even if it were first oxidised to the stannous state. 


Discussion of Results. 


The existence of SnFe,, SnCu, and Zn,Cug, of SnFe,Hg, Zn,Cu,Hg, 
and Zn,Fe,Hg, and of Zn,Cu, and Zn,Fe, suggests that iron and 
copper are equivalent, and that one atom of tin is equivalent to 
two atoms of zinc in these compounds. It is agreed that copper 
has only one valency electron in the metallic state. It follows 
that iron has only one, at least in these compounds. [If this is so, 
all the compounds described in this paper have a total of 6, 9, or 
12 valency electrons or some simple multiple of these numbers 
like all the tin-copper and the zinc-copper compounds described 
earlier: Zn,Fe, has 9, Zn,Fe,Hg 12, ZnFe, 6, Zn,Fe,,Hg 18, 
ZnFe,Hg 12, SnFe, 6, and SnFe,Hg 12. These numbers appear to 
be characteristic. Whether the compounds are formed between 
metals of even valency like mercury and zine and those of odd 
valency (in the above sense) like iron and copper, or whether 
between metals of the B sub-group and metals of the transition 
and pre-transition groups it is too early yet to say. Work on the 
Mn-Cu—Hg system now in progress may throw light on this point, 
for manganese acts like a bivalent metal in such compounds as 
have been examined, and is a member of the pre-transition group 
of metals. 

The number of valency electrons in iron when uncombined (as 
in mercury) is not known and cannot be deduced from the above 
results. It is remarkable, however, that iron neither combines 
with mercury nor shows in mercury the reducing power which it 
has in the free state. Iron in mercury is very similar to copper in 
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reducing power (Russell, Evans, and Rowell, J., 1926, 1872). It 
has been tacitly assumed hitherto that this passivity was due to 
combination with mercury since all the other elements of atomic 
numbers 22—29 combine with mercury (see p. 891). 

In Table I the principal compounds of the four series so far investi- 
gated are arranged for comparison. Four compounds provisionally 
found but not yet reported are included with the sign (?). The 
zine compounds are formulated with two atoms of zinc, since these 
are equivalent to one atom of tin. The arrangement is made to 
emphasise the number of atoms of copper or iron found associated 
with one of tin or two of zinc. It is clear that on present results 
zinc and iron show the widest range of compositions, and tin and 
copper the narrowest. 


TasxeE I, 
“Univalent”’’ atoms Formule. 
per tin atom. Sn-Cu. Sn-Fe. Zn-Cu. Zn—Fe. 

2 SnCu, SnFe, Zn,Cu, — 
3 SnCu,Hg SnFe,Hg (7) — aes 
4 SnCu,Hg, SnFe,Hg, (? ) oo - 
5 SnFe, (?) Zn,Cu; Zn,Fe, 
6 SnFe,Hg Zn,Cu,Hg Zn,Fe,Hg 
8 Zn,Cu,Hg,(?) Zn Fe, 

12 Zn,Fe,,Hg 

16 Zn,Fe,,Hg, 


Only one of the investigated compounds, Zn,Cu,, agrees with 
Hume-Rothery’s rule for “‘ B-phases,” viz., that the ratio of valency 
electrons to atoms is 1-5. This ratio varies from 2 in SnCu, and 
SnFe, to 1-2 in Zn,Fe,,Hg and Zn,Fe,,.Hg,. 

The fact that tin in SnCu, and in SnFe,, but not in a tin amalgam, 
is oxidised by ferric sulphate directly to the stannic state is further 
evidence of the compound nature of these complexes. 


Summary. 


1. Five new compounds of iron and zinc are formed in mercury 
at ordinary temperature. Three of these form ternary compounds 
with mercury. 

2. Two new compounds of iron and tin are similarly formed. 
One of these forms a ternary compound with mercury. There is 
some evidence also of the existence of three further compounds. 

3. Similarities in the empirical formulz of compounds of the 
Sn—Fe, Sn-—Cu, Zn—Fe, and Zn—Cu systems suggest that iron and 
copper are equivalent. Iron has accordingly only one valency 
electron in these compounds. 

4. The generalisation that all compounds of the Sn—Cu and Zn-Cu 
systems which are formed in mercury at ordinary temperature, so 
far investigated, have a total of valency electrons equal to 6, 9, or 
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12, or some simple multiple of these numbers, is applicable also to 
compounds of the Zn—Fe and Sn-Fe systems so far investigated. 

5. Iron does not form a compound with mercury, yet in mercury 
its action towards reducing agents resembles closely that of copper. 
This form of passivity is not due to metallic compound formation. 

6. In the compounds SnFe, and SnCu,, tin is oxidised directly 
to the stannic state by ferric sulphate in conditions such that tin 
itself is oxidised quantitatively to the stannous condition. 


Dr. Leer’s LABORATORY, 
Curist CHuRCcH, OXFORD. [Received, January Tth, 1932.] 





111. The Nitrosation of Phenols. Part XIII. 
o-Chlorophenol. 


By Hersert Henry Hopeson. 


THE substance obtained (Kehrmann, Ber., 1888, 21, 3316; Amnnalen, 
1894, 279, 30; Bridge, Annalen, 1893, 277, 100) by the oximation 
of 2-chloro-p-benzoquinone has now been prepared by the nitros- 
ation of o-chlorophenol, and evidence is given that it is 2-chloro- 
4-nitrosophenol rather than 2-chloro-p-benzoquinone-4-oxime. 

o-Chlorophenol undergoes nitrosation (40%) more rapidly than 
the m-isomeride, probably for steric reasons, and a diazonium salt 
is also formed. 

The quinonoid structure was previously assigned to 2-chloro- 
4-nitrosophenol on account of its mode of preparation and the 
quinonoid structure of its methyl ether. Its relatively low melting 
point (compare 3-chlorobenzoquinone-4-oxime), however, indicates 
the nitroso-structure (compare Hodgson and Moore, J., 1925, 127, 
2260; Hodgson and Kershaw, J., 1929, 1555), further support for 
which is afforded by the ready formation of a picrate and of mole- 
cular compounds with the 3-methyl- and 3-halogeno-2 : 4: 6-tri- 
nitrophenols (compare Hodgson, J., 1931, 1495, 2227). The m. p.’s 
of the above products are very close to those of their 3-chloro- 
isomerides. 

2-Chloro-4-nitrosophenol is considerably less reactive than its 
3-chloro-isomeride, probably owing to co-ordination of the chlorine 
with the hydroxyl group (compare Sidgwick and Callow, J., 1924, 
125, 533); when treated in aqueous-aicoholic solution with 
hydroxylamine hydrochloride in the presence of §-naphthol (followed 
by sodium acetate) or $-naphthylamine, it yields only traces of 
azo-compounds. ‘To this co-ordination may be ascribed its marked 
solubility in alcohol and in water, its crystallisation unchanged 
from ether saturated with hydrogen chloride (compare the ready 
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transformation of the 3-chloro-isomeride into the quinone-oxime 
modification), and its precipitation by acids from solutions in 
alkaline hydroxides and alkaline carbonates. 

The quinone-coxime modification of 2-chloro-4-nitrosophenol has 
so far only been found in its salts, in a methyl ether, and in con- 
densation products with p-nitrophenylhydrazine and semicarbazide. 
The highly coloured silver salt is readily formed and reacts with 
methyl iodide to give the light greenish-yellow 2-chloro-p-benzo- 
quinone-4-oxime methyl ether (m. p. 118—120°), which is also 
obtained when 2-chloro-4-nitrosophenol, dissolved in alkali, is 
treated with methyl sulphate. 2-Chloro-4-nitrosoanisole is an 
entirely different substance, having a brilliant blue-green colour 
like all true nitroso-ethers, and melting at 89° in accordance with 
the rule referred to above. 

2-Chloro-4-nitrosophenol appears to react with p-nitrophenyl- 
hydrazine hydrochloride only in the presence of sodium acetate, 
this indicating an inhibition of the preliminary isomerisation to 
the quinone-oxime structure which must precede condensation. 
The p-nitrophenylhydrazone is much more soluble in the usual 
solvents than its 3-chloro-isomeride, and gives a permanganate- 
violet colour with aqueous caustic alkalis as compared with the 
brilliant pure blue afforded by the latter. This hypsochromic result 
would appear to indicate a powerful electron-restraining (—J) effect 
on the part of the chlorine atom ortho to the double indamine 
chromophore : 


Cl 
Alkali. 
HO-N= =N-NH-K NO, “> 
Cl 


® 


a 8 
cram, O 
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The same effect is manifested in an inhibition of salt-formation 
with concentrated sulphuric acid, since the p-nitrophenylhydrazone 
merely dissolves to give a yellow solution instead of the anticipated 
cherry-red colour similar to that given by the 3-chloro-isomeride, 
in which the inductive effect of the chlorine emanates from the 
meta-position and is therefore very feeble. 


EXPERIMENTAL. 
Nitrosation of 0-Chlorophenol.—Cold dilute sulphuric acid (8 c.c. 
of acid, 16 c.c. of water) is gradually added with stirring to a solution 
of o-chlorophenol (4 g.), sodium hydroxide (2 g.), and sodium 
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nitrite (10 g.) in water (300 c.c.) at 15°, and after 5 minutes the 
liquid is filtered as rapidly as possible from the initially formed 
tar. 2-Chloro-4-nitrosophenol quickly separates in fine, light orange 
yellow needles, which are immediately removed, and further crops 
are obtained on keeping (yield, ca. 2-5 g.). The filtrate couples 
readily with alkaline 8-naphthol and with @-naphthylamine if free 
nitrous acid is previously removed, the weights of azo-product 
obtained corresponding approximately to the balance of the 
o-chlorophenol not obtained as the nitroso-compound. 

Some Reactions of 2-Chloro-4-nitrosophenol.—The compound, which 
is much more soluble in methyl and ethyl alcohols and ether than 
the 3-chloro-isomeride, crystallises from benzene in very pale yellow, 
almost colourless, needles, m. p. 142° (decomp.) (Bridge, loc. cit., 
gives m. p. 142°) (Found: Cl, 22:3. Calc.: Cl, 22-5%), has the 
normal molecular weight in phenol and o-cresol, and dissolves in 
the usual organic solvents, forming yellow-green solutions which 
become greener on dilution or on addition of mineral acids. A 
concentrated solution in 10°, aqueous sodium hydroxide is deep 
red, but becomes green on dilution; the crude product precipitated 
by hydrochloric acid has m. p. 141° and crystallises from benzene 
in almost colourless needles, m. p. 145° (decomp.). 

Silver Salt of 2-Chlorobenzoquinone-4-oxime.—Cautious addition 
of aqueous ammonia to equal molecular quantities of 2-chloro- 
4-nitrosophenol and silver nitrate in methyl-alcoholic solution pre- 
cipitates a brown-red silver salt (Found: Ag, 40-6. C,H,0,NClAg 
requires Ag, 40-8%), which redissolves in excess of ammonia, 
forming a deep green solution. 

2-Chlorobenzoquinone-4-oxime methyl ether, obtained from the 
above silver salt and methyl iodide in the cold and removed by 
steam distillation, is fairly readily soluble in hot water, from which 
it crystallises, on cooling, in pale greenish-yellow needles, m. p. 
118—120° (Kehrmann, loc. cit., gives m. p. 122—123°) (Found: 
Cl, 20-6. Calce.: Cl, 20-7%), which depress the m. p. 89° of 
authentic 2-chloro-4-nitrosoanisole. 

2-Chlorobenzoquinone-4-oxime-1-p-nitrophenylhydrazone.—When a 
methyl-alcoholic solution containing equal molecular quantities of 
2-chloro-4-nitrosophenol and p-nitrophenylhydrazine hydrochloride 
is boiled with sodium acetate, condensation occurs immediately. 
The p-nitrophenylhydrazone crystallises from glacial acetic acid, after 
addition of a little water, in yellow-brown micro-plates, m. p. 
184—185° (decomp.) (Found: N, 193; Cl, 12:0. C,,H,O,N,C! 
requires N, 19-1; Cl, 12-1%). 

2-Chlorobenzoquinone-4-oxime-1l-semicarbazone separates rapidly, 
when a solution containing 2-chloro-4-nitrosophenol and semicarb- 



























THE NITROSATION OF PHENOLS. PART XIV. 869 





azide hydrochloride in equal molecular proportion is heated, in 
light brown-yellow micro-needles, which are very sparingly soluble 
in the usual organic solvents and decompose from 150° upwards 
(Found: N, 26-4; Cl, 16-4. C,H,0,N,Cl requires N, 26-1; Cl, 
16-55%). The compound gives a deep yellow solution in concen- 
trated sulphuric acid and a deep greenish-yellow solution in aqueous 
sodium hydroxide. 

Reactions of 2-Chloro-4-nitrosophenol with Picric Acid and tts 
Analogues.—A mixture of the nitrosophenol (0-5 g.) and picric acid 
(0°76 g.) or an analogue (corresponding stoicheiometric quantity) is 
dissolved in hot methy] alcohol, and the deep green solution filtered ; 
the picrate or an analogue is immediately deposited in good yield on 
cooling, and subsequently recrystallised from alcohol or acetic acid. 
The following compounds have been prepared: (from picric acid) 
greenish-yellow rectangular plates, m. p. 156—158° (decomp.) 
(Found: Cl, 9-0. C,,H,O,N,Cl requires Cl, 9-2%); (from 2:4: 6- 
trinitro-m-cresol) yellow hexagonal plates, m. p. 147-5 (decomp.) 
(Found : Cl, 8-6. C,,;H,O,N,Cl requires Cl, 88%); (from 3-fluoro- 
2:4: 6-trinitrophenol) yellow rectangular prisms, m. p. 151° (de- 
comp.) (Found: Cl, 8-7. C,,.HgO,N,CIF requires Cl, 8-8%); (from 
3-chloro-2 : 4 : 6-trinitrophenol) yellow rectangular parallelepipeds, 
m. p. 164° (decomp.) (Found: Cl, 16-7. C,,Hg0,N,Cl, requires Cl, 
16-86%); (from 3-bromo-2 : 4 : 6-trinitrophenol) yellow parallelepi- 
peds, m. p. 163° (decomp.) (Found : Cl + Br, 24-6. C,,.H,g0,N,ClBr 
requires Cl+ Br, 248%); (from 3-iodo-2 : 4: 6-trinitrophenol) 
yellow parallelepipeds, m. p. 169° (decomp.) (Found: Cl + I, 31-4. 
C,.H,O,N,CII requires Cl 4+-I, 31-7%). 2-Chloro-4-nitrosophenol 
crystallises unchanged from solutions in various organic solvents 
containing urea or acridine. 
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Resorcinol isoPropyl Ether. 
By Hersert Henry Hopnason and Huser Chay. 


Resorcinol isopropyl ether is nitrosated in position 4 to the extent of 
no less than 27%, and the isopropyl group therefore occupies its 
anticipated place in the series denoting the order of ionisation 
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repression of the op-directing phenolic group, viz., Me<Et<Pre< 
Pr®, 

Alternatively, should the isopropoxy-group exert an inductive 
electron-attraction, the 4-carbon atom (J., 1929, p. 2776, formula ITI, 
with Pr® in place of Me), being much less deactivated in the iso- 
propoxy- than in the n-propoxy-, ethoxy-, and methoxy-homologues, 
should be relatively more reactive. 

The sokubility (15-53%) of 6-nitroso-3-isopropoxyphenol in benzene 
is abnormally large compared with the solubilities of the homologues 
(Me, Et, Pre = 2-26, 1-32, 5-78% respectively) and indicates that 
co-ordination (loc. cit., formula V) between the o-nitroso- and the 
hydroxyl group is much more intensified than in the homologues, 
the increased activation of the chelating electrons of the nitroso- 
group greatly exceeding the concurrent increased repression of 
ionisation. This is to be anticipated, since the isopropoxy-group, 
being para to the nitroso-group, will produce a positive alternating 
effect far exceeding its general effect on the m-hydroxy] group. 

The constitution of 6-nitroso-3-isopropoxyphenol has been estab- 
lished by its oxidation to 6-nitro-3-isopropoxyphenol, obtained also 
by nitration of resorcinol isopropyl ether and from 6-nitro-3-iso- 
propoxyaniline, prepared from 3-chloro-4-nitrophenol. 

The constitution of 4-nitroso-3-isopropoxyphenol was proved by 
its oxidation to 4-nitro-3-isoproporyphenol and by its formation 
from 4-nitroso-3-isopropoxydimethylaniline by means of caustic 
alkali. 

An attempted nitration of resorcinol diisopropyl ether showed that 
this was much more stable towards nitric acid than its n-propyl 
isomeride; a small quantity of 6-nitro-3-isopropoxyphenol was 
obtained. Resorcinol diisopropyl ether resembles resorcinol di- 
methyl ether in resisting completely the attack of nitrous acid, 
whereas the di-n-propyl ether behaves more like the diethyl ether, 
as would be expected. 


EXPERIMENTAL. 


Resorcinol isoPropyl Ether—A mixture of resorcinol (30 g.), 
isopropyl! alcohol (150 c.c.), sodium isopropoxide (6-5 g. of sodium 
in 150 c.c. of isopropyl alcohol), and isopropyl iodide (57 g.) was 
heated under reflux for 8 hours, the excess of alcohol distilled, and 
the oily product precipitated by water, separated, and steam- 
distilled. The distillate (4 litres) was saturated with sodium 
chloride and extracted with ether. From the ethereal solution, 
10% aqueous sodium hydroxide extracted resorcinol isopropyl ether 
(10 g.), b. p. 249—250° [Found (Zeisel): OPr, 38-5. C,H ,0, 
requires OPr, 38-8°% ]. 
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The residual ethereal solution contained about 5 g. of a yellow 
oil, b. p. 235—250°. 

Nitrosation of Resorcinol isoPropyl Ether.—A solution of the ether 
(10 g.) in alcohol (20 c.c.) and glacial acetic acid (20 c.c.) was treated 
gradually below 0° with sodium nitrite (10 g.) in water (10 c.c.), 
and after 1 hour’s stirring, with frequent scratching, the reddish- 
brown crystalline precipitate was removed, and dried in a vacuum 
over quick-lime (yield, 8 g.). A portion (5 g.) was shaken for 30 
minutes with cold sodium-dried benzene (50 c.c.) and after 12 hours 
the insoluble material (1-5 g.) was removed and dried ; it crystallised 
from boiling alcohol in bright yellow prisms, m. p. 170—172° 
(decomp.) (Found: N, 7-9. C,H,,0,N requires N, 7-7%), of 
4-nitroso-3-isopropoxy phenol, 

From the green benzene solution, only 6-nitroso-3-isopropoxy- 
phenol could be isolated. This is easily soluble in cold chloroform 
and carbon disulphide, giving green solutions, but sparingly soluble 
in light petroleum, from which it crystallises in green prisms; 
these turn brown between 55° and 60° and melt at 91° to a dark 
green liquid. Contact with alcohol changes the green into a 
brownish-yellow modification, which crystallises from hot alcohol 
in leaflets, m. p. 91° (Found: N, 7-9. CjsH,,0,N requires N, 
77%). Both forms give the Liebermann nitrosoamine reaction 
(greenish-blue). The brownish-yellow form is the more stable, the 
green modification passing into it during 2 days’ keeping : reversion 
to the green form takes place on recrystallisation from benzene. 

Oxidation of the nitrosation products. (a) 6-Nitroso-3-isopropoxy- 
phenol (1 g. of either form) was dissolved in 10% aqueous potassium 
hydroxide (60 c.c.) and heated with a saturated aqueous solution 
of potassium ferricyanide (20 g.) on the water-bath until the colour 
of the solution was deep ange-yellow; the liquid was then filtered 
hot, cooled, and acidified with dilute sulphuric acid. The oil pre- 
cipitated solidified after 2 hours and then crystallised from light 
petroleum in greenish-yellow prisms, m. p. 44°, of 6-nitro-3-iso- 
propoxyphenol (0-8 g.) (Found: N, 7:3. C,H,,0,N requires N, 
71%). 

(b) 4-Nitroso-3-isopropoxyphenol, similarly oxidised, gave 4-nttro- 
3-isopropoxyphenol, which crystallised from benzene in pale yellow 
prisms, m. p. 91° (Found: N, 7-3%), non-volatile in steam. 

(c) The crude nitrosation product (2 g.) yielded on oxidation 
1:3 g. of yellow crystals, of which 1-1 g., m. p. 44°, were volatile in 
steam and 0-2 g., m. p. 91°, was non-volatile. 

Nitration of Resorcinol isoPropyl Ether—An ethereal solution 
(200 c.c.) of the compound (5 g.) at — 10° was treated gradually 
with nitric acid (2 c.c.; d 1-5) below — 5°, boiled under reflux for 
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15 minutes, and kept over-night. Water (5 c.c.) was then added, 
the ether removed by distillation, and the residual yellow oil steam- 
distilled, yielding volatile 6-nitro-3-isopropoxyphenol (1-5 g.), m. p. 
44° after recrystallisation (Found: N, 7-2%), and non-volatile 
4-nitro-3-isopropoxyphenol (0-2 g.), m. p. 91° after recrystallisation 
(Found: N, 7-3%), identical (mixed m. p.’s) with the substances 
described above. 

Nitration of Resorcinol Diisopropyl Ether.—The diisopropyl ether 
was prepared by the method of Wilson and Adams (J. Amer. 
Chem. Soc., 1923, 45, 534) for the di-n-propyl ether. A mixture 
of resorcinol (27:5 g.), isopropyl bromide (62 g.), acetone (250 c.c.), 
and potassium carbonate (90 g.) was heated under reflux for 5 
hours, the acetone then removed by distillation, and water (500 c.c.) 
added to the residue. The brownish-yellow oil produced was 
extracted in ether and distilled, resorcinol diisopropyl ether being 
obtained as a colourless, highly refractive oil, b. p. 237—238° 
[Found (Zeisel) : OPr, 60-5. C,,H,,0, requires OPr, 60-8%]. 

The ether (5 g.), nitrated as described above, gave only 6-nitro- 
3-isopropoxyphenol (0-2—0-3 g.). 

3-Chloro-4-nitrophenyl isoPropyl Ether.—This was made by the 
action of isopropyl iodide on the silver salt of 3-chloro-4-nitrophenol 
and obtained as a colourless oil (Found: Cl, 16:2. C,H,,0,NCI 
requires Cl, 16-5°%). It was heated (1 g.) with concentrated aqueous 
ammonia (5 c.c.) and alcohol (5 c.c.) in a sealed tube at 160° for 6 
hours, and the product (0-6 g.) isolated by dilution with water; 
crystallisation from water gave yellow needles, m. p. 102—103°, of 
4-nitro-3-aminophenyl isopropyl ether (Found : N, 14-5. C,H,.0,N, 
requires N, 14:3%). This substance (0-5 g.) was converted through 
its diazo-compound (Hodgson, E.P. 200,714) into 6-nitro-3-iso- 
propoxyphenol (0-3 g.), m. p. 44°, identical with the specimens 
mentioned above (Found : N, 7:3%). 

m-Nitrophenyl isoPropyl Ether—A mixture of sodium ethoxide 
(5 g. of sodium in 125 c.c. of absolute alcohol), m-nitrophenol 
(30 g.), absolute alcohol (125 c.c.), and isopropyl iodide (45 g.) was 
refluxed for 8 hours,'the excess of alcohol and isopropyl! iodide then 
removed by distillation, and the residual oil steam-distilled, m-nitro- 
phenyl isopropyl ether being obtained as a pale yellow, highly 
refractive oil, b. p. 258—259°/744 mm. (Found: N, 7-9. C,H,,0,N 
requires N, 7-7%). 

The isopropy! ether (10 g.), in warm glacial acetic acid (30 c.c.) 
and water (30 c.c.), was reduced with iron powder (10 g.), and the 
mixture heated for 2 hours on the water-bath, made alkaline with 
sodium hydroxide, and steam-distilled, giving m-aminophenyl iso- 
propyl ether (m-isopropoxyaniline) as a colourless liquid, b. p. 244— 
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245° /750 mm. (Found : N, 9-4. C,H,,ON requires N, 9:3%). The 
hydrochloride crystallised from dilute hydrochloric acid in leaflets, 
m. p. 175—180° (Found: N, 7-8; Cl, 18-6. C,H,,ON,HCl requires 
N, 7-5; Cl, 189%), and the monoacetyl derivative from dilute 
alcohol in silky needles, m. p. 100O—101° (Found: N,7-6. C,,H,,0,N 
requires N, 7-3%). 

m-isoPropoxydimethylaniline.—m-isoPropoxyaniline (18 g.) and 
methyl sulphate (30 c.c.) were mixed, and heated on the water-bath 
for 2 hours; 10% aqueous sodium hydroxide was added to the 
cooled product and the bases liberated were isolated by means of 
ether, recovered, and kept in acetic anhydride (20 c.c.) for 2 hours. 
The mixture was then poured into water, heated for 1 hour on the 
water-bath, cooled, made alkaline with sodium carbonate, and 
steam-distilled, m-isopropoxydimethylaniline being obtained as a 
colourless, highly refractive oil (7-5 g.), b. p. 253—254°/750 mm. 
(Found : N, 8-0. C,,H,,ON requires N, 7-8%). 

Nitrosation of m-isoPropoxydimethylaniline.—The base (5 g.), dis- 
solved in concentrated hydrochloric acid (10 c.c.) and water (15 c.c.), 
was nitrosated at 0° by the gradual addition, with stirring, of 
sodium nitrite (2-5 g.) in water (5 c.c.). The solution became deep 
red and then deposited the hydrochloride of 4-nitroso-3-isopropoxy- 
dimethylaniline; this, collected after 30 minutes and crystallised 
from water, formed bright golden-yellow needles (Found : N, 11-8; 
Cl, 14:3. C,,H,,0,N,,HCl requires N, 11-5; Cl, 145%). The base 
crystallised from benzene in bluish-green prisms, m. p. 65° (Found : 
N, 13-8. C,,H,,g0,N, requires N, 13-5%). 

4-Nitroso-3-isopropoxyphenol.—A solution of the above hydro- 
chloride (4 g.) in water (50 c.c.) was added during 30 minutes to 
5% aqueous sodium hydroxide (100 c.c.) boiling under reflux. The 
reddish-brown solution was filtered hot, cooled, acidified with cold 
dilute hydrochloric acid, and kept for 30 minutes in the ice-chest, 
The precipitate of 4-nitroso-3-isopropoxyphenol crystallised from 
benzene in bright-yellow prisms, which darkened above 160° and 
decomposed at 170—172° (Found: N, 7:9%). It gave Lieber- 
mann’s nitrosoamine test (red, changing to bluish-green with alkalis) 
and was identical with the substance described on p. 871. 


The authors thank Imperial Chemical Industries, Ltd., for their 
various gifts, and the West Riding Education Authority and the 
Department of Scientific and Industrial Research for maintenance 
grants to one of them (H. C.). 


TscunicaL CoLLEGE, HUDDERSFIELD. [Received, December 11th, 1931.] 
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113. The Two-component Salt Mixtures of Lead Nitrate 
with Sodium or Potassium Nitrate. 


By Harotp Maxrcus Guass, KennetH LAysourn, and WALTER 
MatTTrHEW MApgIn. 


THE two binary systems, lead nitrate with sodium or potassium 
nitrate, have been investigated as a preliminary to further studies 
involving all three nitrates, because of the inadequacy of the existing 
data. Guthrie (Phil. Mag., 1884, 17, 462) has reported eight 
freezing points for mixtures containing potassium nitrate, but only 
the composition of the mixture of minimum freezing point for the 
system with sodium nitrate. He also reports that lead nitrate, 
admixed with 30% (by weight) of potassium nitrate, decomposes in 
the region of the m. p. of the mixture (335°) and this composition thus 
represents a limiting mixture in the investigation of this system. 
However, it is also stated (loc. cit., p. 477): ‘“ Mixtures consisting 
of... 80% and even. . . 90% nitrate of lead fuse together into 
clear liquids without decomposition but I have not determined the 
melting points.” 

The freezing point-composition diagrams have now been deter- 
mined for the two binary systems, and the results show that each is 
a eutectic system. More precise information is also given concerning 
limiting mixtures in both systems, and it would appear that these 
are those mixtures which fuse at so high a temperature that the rate 
of decomposition of lead nitrate is rapid enough to prevent the 
determination of a steady and reproducible freezing point. The 
authors now find that such a decomposition temperature is con- 
ditioned by the concentration of lead nitrate in a mixture, and that 
the temperature rises as the concentration falls. 

A photomicrographic examination of the system lead nitrate- 
sodium nitrate is now reported, and this confirms the existence of a 
eutectic system. Glasstone and Saunders (J., 1923, 123, 2134) find 
that these salt mixtures behave as eutectic systems in the two 
ternary systems formed by solution in water. 


EXPERIMENTAL. 

Purification of Materials.—The salts used were of pure quality 
and were recrystallised three times from water. The sodium and 
potassium nitrates were fused after the first recrystallisation and 
any scum formed was removed from the surface of the melt. 

The lead nitrate was dried by the process of Baekeland (J. Amer. 
Chem. Soc., 1904, 26, 391), who showed that its decomposition 
occurs at a much decreased temperature if a trace of moisture is 
present. 
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Freezing-point Determinations.—Freezing points were determined 
by the cooling-curve method for two series of synthetic mixtures of 
pure lead nitrate with sodium and potassium nitrates respectively. 
The synthetic mixtures were prepared by weighing the requisite 
amounts of the appropriate salts and intimately mixing these in a 
dry warm mortar, whence they were transferred to a moisture-freed 
Jena glass test-tube. The tube and its contents were heated in an air 
oven at 110° for 2 hours, and then placed in an electric furnace and 
heated slowly, with very frequent stirring, until the salt mixture was 
completely fused. This required 2—3 hours because of the slowness 
with which lead nitrate dissolves. Bogitch (Compt. rend., 1915, 
161, 790) has observed similar behaviour with lead nitrate in 
ammonium nitrate. The furnace used was similar to that employed 
by Briscoe and Madgin (J., 1923, 123, 1608), except that it was 
made much deeper so that the fusion tube could be completely 
immersed. Preliminary investigations with this furnace showed 
that, when it was combined with an external resistance, the rate of 
cooling could be adjusted to almost any desired slowness. The 
approximate freezing points were first obtained so that the various 
synthetic mixtures could be fused without undue heating above the 
temperatures of complete fusion. 

The actual freezing points were determined by fusing 20 g. of the 
required mixture in a test-tube, and closing the mouth of the tube 
with a cork carrying two thermometers and a length of glass tubing, 
through which small particles of solid could be introduced to inocul- 
ate against supercooling. One of the thermometers (‘‘ melt thermo- 
meter ’’) was immersed in the melt to a depth of 1’, and the other 
(“furnace thermometer ”’) was 1’ above the surface of the melt so 
that the mean temperature of the exposed melt thermometer stem, 
within the furnace, could be obtained and applied in correcting 
observed freezing points. They were nitrogen-filled mercury 
thermometers graduated in degrees, the former having a range 150° 
to 450°, and the latter 0° to 400°. The melt thermometer was 
directly compared with a precisely similar instrument, which had 
been standardised by the National Physical Laboratory, the two 
thermometers being immersed together in fusible metal and the 
temperature controlled electrically. Corrections were of a similar 
nature to those applied by Briscoe and Madgin (loc. cit.). The melt 
was first raised to 15° above the freezing point, and the furnace then 
set for 180°; a convenient rate of cooling was thus obtained under 
standardised conditions. Stirring of the melt was done continually 
by using the melt thermometer, and the time for each 1° fall in 
temperature was taken. In this way the arrests corresponding to 
the freezing point and the eutectic temperature were easily identified. 
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The differences between the “‘ furnace ” and “‘ melt ” thermometers, 
at the times of freezing-point determinations, showed a maximum of 
35° and a minimum of 20° for all the results now reported. With 
the aid of a sliding lens, attached to the melt thermometer, the 
temperature could be read to 0-1°. The means of three closely- 


Fie. 1. 
Freezing point-composition diagram for the system Pb(NO,),-KNO,. 
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Pb(NO,)., % by weight. (Crosses show Guthrie’s results.) 


agreeing values (within less than 0-2°) were taken for the freezing 
point and the eutectic temperature, and in most cases the first three 
determinations conformed to these limits. The results of these 
temperature determinations are plotted in Figs. 1 and 2, corrected 
temperatures being used, and in each case two branches of the curve 
intersect in a point corresponding to the eutectic mixture. The 
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composition of each such mixture was found from a separate large- 
scale plot of the results. Supercooling was very marked with 
mixtures near the eutectic composition and containing excess lead 
nitrate. It was entirely prevented, however, by inoculation with 
one or two minute crystals introduced through the glass tube 
provided. The crystals were always introduced when the melt was 
2° above the previously ascertained freezing point ; exact agreement 
for successive determinations was often obtained, and differences of 
as much as 0-2° were very rare. 
































. Fie. 2. 
Freezing point-composition diagram for the system Pb(NO;),-NaNO,. 
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Pb(NO,)., % by weight. (Cross shows Guthrie’s result.) 


Separate observation showed that the rate of dissolution of these 
added crystals was very slow and was not complete before the 
freezing point was reached. 

Important confirmatory evidence of the eutectic compositions was 
obtained by direct observation of the cooling of mixtures with 
freezing points not more than 1° above the eutectic temperatures. 
On observing the freezing-point arrests for such mixtures, cooling 
was stopped and the temperature slowly raised, thus preventing 
the formation of eutectic solid. By removing the test tube from the 
furnace, before complete re-fusion occurred, it was possible to detect 
which pure component was present asa solid, since sodium or potass- 








878 GLASS, LAYBOURN, AND MADGIN: 


ium nitrate always floats while lead nitrate, being denser than any 
melt, always sinks. 
TaBzE I. 
Experimental data for freezing points and eutectic arrests of mixtures 
containing lead nitrate. 


(Compositions are expressed as percentages of lead nitrate by weight.) 


Series I. Pb(NO;), with KNO,. Series II. Pb(NO,), with NaNO,. 
Pb(NO;),, F.p., F. p., Pb(NO;),, F.p., v. Dy 
%. obs. corr. %. obs. corr. 
0-0 334-0° 340-0° 0-0 305-0° 310-0° 
5-0 329-3 335-0 5-0 302-6 307-2 
10-0 322-8 328-2 10-0 299-9 304-1 
15-0 316-0 320-8 15-0 296-4 300-7 
20-0 307-6 311-9 20-0 292-9 297-0 
25-0 297-8 301-7 25-0 288-9 292-8 
30-0 286-7 290-4 30-0 284-2 288-0 
35-0 272-0 275-2 35-0 279-5 283-1 
40-0 254-8 257-6 40-0 274-6 278-0 
45-0 235-0 238-0 41-0 273°5 276-8 
47-0 224-9 228-0 42-0 272-5 275-6 
48-0 221-0 224-1 (E,) 42-3 271-8 275-0 
49-0 217-0 219-7 42-5 272-4 275-7 
(E,) 49-5 215-2 217-8 43-0 273-9 277-2 
50-0 216-5 219-2 45-0 280-5 284-1 
51-0 219-4 222-4 50-0 296-9 300-9 
52-0 223-3 226-4 55-0 312-6 317-6 
53-0 227-0 230-2 60-0 329-2 335-3 
55-0 237-9 240-7 
60-0 267-9 271-0 (E,) and (E,) = 
65-0 299-5 303-4 Eutectic compositions. 


Series III. Eutectic temperatures (corrected) from cooling curves : 
A. Miztures containing KNO,. 


Pb(NO,),, 
% coves 30-0 40-0 47-0 48-0 49-0 49-4 50-0 53-0 60-0 45-0 51-0 52-0 55-0 65-0 








Temp. ... 217-9° 217-8° 217-7° 


B. Mizxtures containing NaNO,. 

Pb(NO;)., % «-- 40-0 41-0 42-0 43-0 45-0 55-0 30-0 60-0 20-0 50-0 
— ¥ 2S ee 

TDS: intncesssnne 275-0° 274-:9° 274-8° 275-1° 





The results of the freezing-point determinations are shown in 
Table I (Series I and II). The eutectic mixtures were synthesised 
according to the compositions deduced from Figs. 1 and 2, and the 
experimentally determined freezing points (E, and E,, Table I) were 
found to agree exactly with those shown by the diagrams. Addi- 
tional confirmation was obtained from the cooling curves, which 
were continued to the eutectic temperature in many cases. For 
mixtures containing potassium nitrate, 14 such determinations were 
made, and the extremes among these results only differed by 0-2°, 
while for mixtures with sodium nitrate, 10 results differed by 0-3”. 
These results are shown in Figs. 1 and 2, in the usual manner for 
such data, and in Table I, Series ITI. 














5% Pb(NOs)>- 42°3% Pb(NO;)2- 


50% Pb(NO,)». 50% Pb(NO,)s 


[To face p. 879. 
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Photomicrographs.—In the photomicrographic examination of the 
system lead nitrate-sodium nitrate, the specimens were prepared in 
a similar manner to that adopted with mixtures containing potass- 
ium nitrate (Madgin, J., 1930, 458). The hygroscopic nature of 
sodium nitrate caused some difficulty during polishing of the 
specimens, but if the specimen was rubbed by a rotating wheel, 
covered with Selvyt cloth on which benzene was dropping, then a 
highly polished surface was obtained. Mixtures of the following 
compositions (weight °% of lead nitrate) were examined : 5%, 42:3% 
(eutectic composition), and 50%. 

Under vertical illumination they presented features identical with 
those previously found in mixtures containing potassium nitrate 
(Madgin, loc. cit.), but the sodium nitrate mixtures could only be 
photographed satisfactorily after staining with hydrogen sulphide, 
as was done with potassium nitrate mixtures. The lead sulphide 
thus formed on the polished surfaces appears white on photographs 
in vertical illumination, while the sodium nitrate appears dark grey 
or black (Plate I). Banded eutectic structure is easily recognisable 
in all cases but in the 5° mixture only small areas of this structure 
occurred between very large primary crystals of sodium nitrate. 
The latter mixture was chosen to support the conclusion that there 
was no partial solid miscibility even at very low concentrations. 

The 50% mixture shows a striking similarity to the potassium 
nitrate mixture of comparable composition, since the large primary 
crystals of lead nitrate appear to be surrounded by an area of pure 
sodium nitrate. Doubtless, segregation is the cause of the 
phenomenon in this case also. 

Decomposition of Lead Nitrate, and Limiting Miztures.—Melts 
used to determine the freezing points (Table I) were all clear liquids, 
unaltered on remelting for repeat determinations. The highest 
temperatures reported on the lead nitrate branch are (1) 303-4° for 
35% KNO, melted at 320°, and (2) 335-3° for 40% NaNO, melted 
at 350°. 

Mixtures containing greater percentages of lead nitrate gave 
brown fumes before complete fusion, and attempted repeat freezing 
points differed by as much as 3°. This absence of reproducibility 
shows that the figures just quoted are to be regarded as those for 
limiting mixtures. 

An investigation has been made to ascertain whether all mixtures 
containing lead nitrate decompose at these same limiting temper- 
atures. Fused mixtures were prepared in the usual way and 
contained 50%, 30%, and 10% of lead nitrate with 50%, 70%, and 
90% of potassium nitrate respectively. The temperature of the 
melts was slowly raised at such a rate that a 5° rise occurred in less 
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than 1 hour and the temperature was then kept constant for the 
remainder of that hour. 

The melt was examined for signs of decomposition (brown fumes 
and yellow coloration) at every temperature halt. Temperatures 
at which decomposition was first observed are given below and are 
seen to rise progressively as the concentration of lead nitrate 
decreases. Sodium nitrate was examined similarly. 


System Pb(NO,),-KNO3,. System Pb(NO,),-NaNO,’ 
Pb(NO,),, % «e000 7 6560 30 #410 60 40 2 10 
Decomp. temp. ... 335° 355° 370° 400° 355° 380° 400° 415° 


These partially decomposed melts were finally dissolved in cold 
water and some insoluble pale yellow residue always remained, thus 
contrasting with the melts used for the results in Table I, which were 
completely soluble in cold water. 

A possible explanation of the rise in decomposition temperature 
with dilution is that the rate of decomposition decreases with 
dilution, and consequently it becomes necessary to raise the tem- 
perature of such melts to obtain a rate which is rapid enough to be 
detectable and is comparable with that of a more concentrated melt 
at a lower temperature. 

If the graph of the decomposition temperature—composition is 
produced, it will cut the freezing-point curve at the conditions of 
the limiting mixture. 

Summary. 


(1) The freezing-point curves for binary mixtures of lead nitrate 
with sodium nitrate and potassium nitrate have been determined ; 
each system is of the eutectic type. 

(2) A photomicrographic study of the system involving sodium 
nitrate has been made, surfaces stained with hydrogen sulphide 
being used. 

(3) Limiting compositions have been found beyond which freezing 
points cannot be determined because of decomposition of lead nitrate, 
and the variation of decomposition temperature with concentration 
has been investigated. 


The authors are indebted to the Research Committee of this 
College for a grant with part of which materials have been purchased 
for this research. 


UNIVERSITY OF DuRHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. (Received, January 6th, 1932.) 
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114. The Solubility of Picric Acid in Mixed Solvents. 
Part II. Benzene—Alcohol Mixtures. 


By Jamzes Cooper Durr and Epwin Joun Bus. 


In Part I (J., 1931, 1196) we considered the solubility of picric acid 
in mixtures of water and alcohols, in which both solvents contain 
associated molecules. We now deal with its solubility in mixtures 
of benzene with various alcohols. It was expected that the former 
solvent, since it contains non-associated molecules, would differ 
from water in its effect upon the solubility in the alcohol. 

Angelescu and Dumitrescu (Z. physikal. Chem., 1928, 132, 217) 
determined the solubility of picric acid in a number of mixtures 
of benzene and ethyl alcohol at 12°, but we have not been able to 
confirm all their values, as shown by our results at 12-5°. Apart 
from calculated values recorded by Findlay (J., 1902, 81, 1220), 
no series of solubility results for picric acid in benzene could be 
found for temperatures between 5° and 25°. 

We have used five series of benzene—alcohol mixtures, in which 
the alcohols were respectively methyl, ethyl, n- and iso-propyl, and 
butyl. Solubility determinations were made at 0°, 12-5°, and 25°. 


EXPERIMENTAL. 

The alcohols used were purified as described in Part I. Benzene 
of A.R. quality was fractionally crystallised and distilled. For the 
solubility determinations the method described in Part I was used. 
Although most of the results were obtained by saturation at the 
selected solubility temperature, with avoidance of preliminary 
overheating, yet a number of determinations were made by saturat- 
ing the solutions at about 10° higher than the desired solubility 
temperature, and then leaving them for 4 to 5 hours at the latter 
temperature in the thermostat to attain equilibrium. Angelescu 
and Dumitrescu used this latter method. We obtained concordant 
results by both methods. In the tables below, S represents g. of 
picric acid in 100 g. of solvent. The calculated values for S are 
from the corresponding equations which are discussed below. All 
the results for 25° (except those for benzene-isopropyl alcohol) are 
represented in the diagram. 


Benzene—Methyl Alcohol. 


MeOH,%... 0 10 20 30 40 50 60 70 80 90 100 
S®,found ... — 10-0 13:3 15-4 17-2 18-5 19-8 20-5 18-2 16-2 13-8 
S*, cale....... — 90 126 154 17-4 18-8 19-7 19-8 191 166 — 
SS found.. 5-6 14-5 21-0 26-4 29-2 29-8 29-2 26-5 23-1 198 16-0 
S128, calc. — 193 242 27-1 28-7 29-3 28-7 27-0 23-7 183 — 
S*°, found... 10-4 28-5 42-9 46-5 46-5 44-6 40-6 36-0 30-6 25-6 21-1 
S$°, calc....... — 386 44:2 46:3 46-2 44:3 41-0 36-1 293 199 — 
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PrfOH, % ... 
S°®, found ... 
S°®, cale. ...... 
S25°, found... 
S*®°, calc...... 


10-4 


ProOH, % ..- 

S®, found ... 
S®, calc. ...... 
S§*5°, found... 
S%5°, cale...... 


AB Benzene-—methyl alcohol at 25°. 
CD Benzene-ethyl 


G. of alcohol in 100 g. of solvent, 


GH Benzene-butyl 


” ”? > 


Benzene-isoPropyl Alcohol. 


10 20 30 40 50 60 70 80 
66 82 88 88 86 80 74 68 
67 80 86 88 87 82 75 63 
22-5 25-4 25-0 22-5 20-0 17-0 13-8 11-3 
25:4 25-6 24-6 22-7 20-3 17-5 14-2 10-5 
Benzene-n-Propyl Alcohol. 
10 20 30 40 50 60 70 80 
65 76 78 74 69 61 52 43 
73 #78 #%78 75 69 61 52 40 
21-0 25-0 23-0 20-7 17-7 14-5 11-2 7:8 
26-0 24-8 22-7 20-2 17-5 145 ° 79 


50 
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"0 20 30 40 50 60 70 80 90 100 


EtOH,% ... 0 10 20 30 40 50 60 70 80 90 
S®, found ... — 93 10-0 10-7 11-0 10-8 103 95 $2 66 
S®, cale. ...... — 80 98 106 11-0 109 106 97 83 61 
S125° found 5-6 13-4 166 183 181 17-6 16-0 14-0 11-1 8-2 
S125° calc.... — 15:4 17-4 182 18-1 17-3 16-0 14:1 115 7:3 
§25° found ... 10-4 245 31-4 306 28-2 25-0 21-7 17-8 13-7 10-1 
S%°, calc. ... — 30-1 31-0 29-9 27-8 25:1 21-7 17:8 133 7:9 
*512° found 6-9 12-2 166 19-0 19-5 19-0 17-7 16-2 14-0 11-0 


99 









100 
4:5 


8-0 


10-4 


* The results at 12° are taken from the curve given by Angelescu and 
Dumitrescu (loc. cit.). 


EF Benzene-n-propyl alcohol at 25°. 


” 


The results obtained by Angelescu and Dumitrescu at 12° are 
somewhat higher than ours for 12-5°, particularly for pure alcohol 
and pure benzene. 
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Benzene—Butyl Alcohol. 





BuOH,% ... O 10 20 30 40 50 60 70 80 90 100 
S®,found.. — 58 65 68 65 59 50 42 34 27 1:8 
= — 65 68 67 64 59 B51 43 33 20 — 
S2°, found... 10-4 19-6 21-5 19-9 17-8 15-4 126 99 69 44 2-9 
S*©, calc...... — 21-8 216 198 17-7 15:3 12:7 99 70 38 — 


The approximate alcoholic contents of the solvents giving maxi- 
mum solubility at the various temperatures are shown by the follow- 


ing table. 
MeOH. EtOH. PrsOH. PreOH. BuOH. 


Ege aceabene 70%  >40% 35% 30% 30% 

gg RIS da cisecvecsaods 50 35 a os - 

gp SEOs « ecusvenehbidte 35 25 25 20 20 
Discussion. 


In Part I it was found that between 0° and 50° there was no 
noticeable variation in the alcoholic concentration of the solvent 
mixtures in which maximum solubility of picric acid occurred. 
The results found for benzene—alcohol mixtures indicate that in 
the solvents having the greatest solvent action on picric acid the 
content of alcohol decreases with increasing temperature. Both 
at 0° and at 25°, in these particular solvents, the content of alcohol 
is greatest for methyl and least for n-propyl and butyl alcohol. In 
the first place, this agrees with the order of the proportions of the 
alcohols found in the constant-boiling mixtures they give with 
benzene, viz., 39-55% MeOH, 32-36% EtOH, 33-3% Pr®OH, and 
16-99% PreOH. Secondly, methyl alcohol has the greatest and 
propyl and butyl alcohol the smallest dissociating action on picric 
acid (see Part I). The presence of alcohol, especially methyl 
alcohol, in the solvent develops the yellow modification of picric 
acid. Benzene probably associates more readily with this yellow 
modification and enhanced solubility of the picric acid becomes 
possible until a sufficiently high concentration of alcohol is present 
for the alcohol to dissociate the associated molecules of benzene 
and picric acid. 

Methyl alcohol, having the greatest dissociating and solvent 
action, of the alcohols, on picric acid, can thus be present to the 
greatest extent in the solvent possessing maximum solvent action. 
As the temperature rises, the dissociating effect of the aleohol on 
associated molecules of picric acid and benzene will increase, and 
thus maximum solubility is attained with a lower proportion of 
alcohol in the mixed solvent. 

Above 20% (10% at 0°) concentration of alcohol in the mixed 
solvents, the influence of the alcohol is regular, and a relation 
between the increased solubility of picric acid and the amount of 
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alcohol present with each 100 g. of benzene can be expressed by 
the equation 
Sq — Sy = KC? 
where Sy = solubility of picric acid in 100 g. of benzene, 
S¢ = solubility of picric acid in a mixture of 100 g. of benz- 
ene + C g. of alcohol, 
and XK and p are constants which can be calculated from the 
experimental results. 
The values found for K and p for the different series and different 


temperatures are as follows : 
‘ C,H, + C,H, - C,H, + 
C,H, + MeOH. C,H,+ EtOH. -Pr8OH. PreOQH.  BuOH. 


EE ae a, aoa— —_- ao 

o. 196°. 9. @¢. 196°. 25°. o. 35°. ©. 25°. OF. BB. 
K 14 42 124 19 42 128 155100 26 13-5 2-3 10-6 
Pp 0:7 0-55 0-44 0-505 0-42 0-246 0-49 0-24 0:32 0-13 O83 O14 
Since benzene is solid at 0°, an assumed value of 2-5 for Sy was 
used in order to calculate values for K and p in the equations for 0°. 
Solubility results from the above values have been calculated for 
S and are given for comparison with the experimental results in 
the respective tables. Close agreement is shown for solvents 
containing from 20 to 80% of alcohol. The agreement is somewhat 
better at 0° than at 25°. 

Angelescu and Dumitrescu (loc. cit.) proposed the above type 
of equation for the solubility of picric acid in mixed solvents gener- 
ally, but their results failed to agree with the equations over a 
wide range. For benzene-ethy] alcohol at 12° they give the equation 
Sq — Sy = 1-630°%6 and this only agrees with the results found 
for 8 in solvents having 16 to 40% alcoholic concentration. Our 
equation for these solvents at 12-5° is Sg — Sy = 4-20, which 
agrees with the major portion of the experimental results. 

The influence of alcohols on the solubility of picric acid in chloro- 
form and in ether is under investigation. 


THE TECHNICAL COLLEGE, 
BIRMINGHAM. [Received, January 27th, 1932.] 





115. The Reduction of Nitro-compounds by Aldehydes 
in Ethyl-alcoholic Potassium Hydroxide Solution. 


By Eric Sipngy Bacon and Donatp Henry RicHarpson. 


Ir has been shown by one of us (J., 1926, 522) that p-chloronitro- 
benzene is not reduced when heated at 60° in N/2-ethyl-alcoholic 
potash solution free from. acetaldehyde, but that considerable 
reduction to p-dichloroazoxybenzene results when the alcohol 
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contains acetaldehyde. Experiments have now been made with 
the object of discovering whether alcoholic potash at the same tem- 
perature and concentration would reduce nitrobenzene, the isomeric 
chloronitrobenzenes, nitrotoluenes, nitrophenols, nitroanilines, nitro- 
benzoic acids, and «-nitronaphthalene. In the absence of acetalde- 
hyde azoxy-compounds were only obtained from m-chloronitro- 
benzene (50%), o-chloronitrobenzene (9-5%), m-nitrotoluene (3%), 
and «-nitronaphthalene (3%), the yields stated being isolated after 
96 hours’ heating at 60°. In the presence of acetaldehyde of 
N /2-concentration the amount of reduction to azoxy-compound 
was increased only in the case of the chloronitrobenzenes, which 
yielded respectively 74%, 28%, and 31% of m-, o-, and p-dichloro- 
azoxy benzenes. 

However, complex products, insoluble in ligroin and acetone, were 
obtained from m-(19%) and o-chloronitrobenzene (9%), m-(13%) 
and p-nitrotoluene (59%), m-(13°%) and p-nitrobenzoic acid (68%), 
and nitronaphthalene (93%) with alcoholic potash free from acet- 
aldehyde, and in the presence of acetaldehyde considerable yields 
of similar insoluble products were formed by all the nitro-compounds 
investigated. 

p-Chloronitrobenzene gave an insoluble product, C,,H,,O,NCI, 
and the yield was increased from 6% to 106% by weight as the con- 
centration of acetaldehyde was raised from 0-25 to 2-0N in N/2- 
alcoholic potash solution at 60°. 

On the other hand, a similar raising of the concentration of the 
potash in N/2-alcoholic acetaldehyde solution resulted in a greater 
increase in the yield of pp’-dichloroazoxybenzene (57% with 
2N-potassium hydroxide) than in that of the insoluble product. 

Although the constitution of this compound has not been elucid- 
ated, it is believed to be a condensation product of either p-chloro- 
nitrosobenzene or, more probably, 6-p-chlorophenylhydroxylamine, 
for both these compounds yielded a similar product, together with 
pp’ -dichloroazoxybenzene, when heated under similar conditions 
with alcoholic potash. p-Nitrophenetole was also formed from both 
p-chloronitrosobenzene and $-p-chlorophenylhydroxylamine. 

Experiments were also made to discover whether other aldehydes 
will reduce p-chloronitrobenzene in N/2-ethyl-alcoholic potash 
solution at 60°. After 96 hours’ heating, the yields of pp’-dichloro- 
azoxybenzene or pp’-dichloroazobenzene were: with acetaldehyde, 
31%, m. p. 154°; 6-phenylpropaldehyde, 30%, m. p. 154°; piperonal, 
30%, m. p. 183°5; propaldehyde, 25%, m. p. 164'5°; heptaldehyde, 
12%, m. p. 184°; butaldehyde, 9%, m. p. 175°5°; dextrose, 8%, 
m. p. 161'5°; benzaldehyde, 6%; formaldehyde, 3%; phenylacet- 
aldehyde, 2°5%, at N/2-concentrations. Less than 1% of pp’- 
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dichloroazoxybenzene was formed in the presence of cinnamaldehyde, 
vanillin, anisaldehyde, salicylaldehyde, and protocatechualdehyde. 
Acetone also caused reduction to the extent of 5% (m. p. 169°). 
An insoluble product, similar to that formed in the presence of 
acetaldehyde, was obtained in large amount only in the presence 
of protocatechualdehyde. 

From the results obtained it is not possible to assess the effect 
of the various substituent groups on the reducibility of the nitro- 
group, for the origin of the insoluble products is doubtful. However, 
in the case of the three chloronitrobenzenes it is clear that mm’-di- 
chloroazoxybenzene is far more readily formed than the o- and 
p-isomerides, and it may be concluded that the reaction 

C,H,Cl-NO, —> C,H,Cl-NO —> C,H,Cl-NH-OH 
proceeds most rapidly with the chlorine in the meta-position, since 
Brand and Mahr (J. pr. Chem., 1931, 131, 97) have shown that m- 
and p-chloronitrosobenzenes condense with the corresponding 
8-chlorophenylhydroxylamines with approximately the same 
velocity. 


EXPERIMENTAL. 


Reduction of Nitro-compounds by N/2-Ethyl-alcoholic Potassium 
Hydroxide (a) containing N /2-Acetaldehyde, (b) free from Acetaldehyde. 
—Ethyl alcohol (68 O.P.) was refluxed with caustic soda (1—2%) 
for 8 hours, distilled off, and boiled with m-phenylenediamine hydro- 
chloride (1%) for 8 hours. The final distillate, the first 50 c.c. being 
rejected, was used for preparing a N-solution of potassium hydroxide, 
which was filteréd from potassium carbonate, and did not darken 
to more than a pale straw colour in a week, if kept in the dark. _The 
absence of acetaldehyde was confirmed by heating the solution, 
diluted with an equal volume of the purified alcohol, with p-chloro- 
nitrobenzene (about 4%) at 60°. A trace of acetaldehyde was 
sufficient to cause the solution to become dark brown in a few 
hours, but it remained pale yellow even after 96 hours if free from 
aldehyde. 

Each nitro-compound (0-05 g.-mol.) was heated at 60° for 96 hours 
in a solution made by diluting 100 c.c. of the N-alcoholic potash 
(a) with 100 c.c. of a N-solution of freshly distilled acetaldehyde in 
the purified alcohol, (6) with 100 c.c. of the purified aleohol. The 
solutions were. then just acidified with N-sulphuric acid and the 
alcohol was distilled off. Volatile nitro-compounds were recovered 
by steam distillation, and estimated by extraction with ether and 
weighing of the dried and evaporated extract. Any insoluble 
reduction products were then filtered off, dried, and weighed, and 
azo- or aZzoxy-compounds extracted by ligroin in a Soxhlet apparatus. 
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The ligroin extract was weighed and its melting point determined 
after recrystallisation, as it was slightly contaminated with a 
resinous product. The latter was then removed from any residue 
insoluble in ligroin by extraction with acetone, leaving finally a dark 
brown solid practically insoluble in all solvents. Both resin and 
brown solid were weighed. 

In the case of the nitroanilines the solution left after distillation 
of the alcohol was made strongly acid and filtered from any insoluble 
product, and unchanged nitroaniline was extracted with ether after 
precipitation with alkali. The nitrophenol solutions were filtered 
hot to remove insoluble products, and extracted with ether. The 
melting points and weights of the extracts showed that these 
nitro-compounds were practically unaffected by alcoholic potash 
at 60°. 

The nitrobenzoic acids, precipitated with excess of mineral acid, 
were filtered off together with any other products, and extracted, 
the o-isomeride with chloroform, and the m- and p-isomerides with 
ether. No azoxy-compound or other product was dissolved by these 
solvents, for the extracts had the correct melting points for the pure 
nitro-acids. Any insoluble residue was weighed, and extracted with 
ligroin and acetone to separate azoxy-compounds and resin respec- 
tively. Table I shows the results obtained (a) in the presence, 
(b) in the absence of acetaldehyde, and Table II shows the effect of 
increasing either the aldehyde concentration or the potassium 
hydroxide concentration in the case of p-chloronitrobenzene. 


TABLE I. 


Showing the effect of N/2-potassium hydroxide in purified ethyl 
alcohol at 60° on various nitro-compounds. 
(a) Acetaldehyde in N/2-concentration. (5) In the absence of acetaldehyde. 





Nitro- Ligroin- Product insoluble in ligroin. 
compound soluble vs — ~. 
recovered, azoxy-com- Crude Acetone- Acetone- 

%. pounds, %. unextr.,%. soluble,%. insoluble, %. 





} ——E—, —_—_——_—_ 

Substance. g. (a). ©). @ © @ © @ ©. @. ©). 
m-Chloronitrobenzene ... 7:92 94 20-8 73:7 60-4 333 192 221 153 111 3-9 
o-Chloronitrobenzene ... 7:92 41:7 72:7 278 95 388 94 334 6568 654 3-6 
p-Chloronitrobenzene ... 7:92 49-0 1020 308 00 219 O00 198 00 95 00 
m-Nitrotoluene 6- 82:1 786 O08 30 175 128 166 113 098 15 
o-Nitrotoluene ... 69:3 87-2 64 O23 176 $&17 «120 O80 55 00 
p-Nitrotoluene ... — 42 — 00 — 589 — 00 — 0-0 
m-Nitroaniline . — 836 — O18 — 47 — 12 — 3-5 
o-Nitroaniline ... — 98 — 00 - -o— 00 00 00 
p-Nitroaniline .. — 99 — 00 - oo — 0-0 00 00 
m-Nitrophenol ... 88-4 99-2 00 0-0 24-0 0-3 — 0-0 --- 0-0 
o-Nitrophenol 85-2 1000 2-2 0-0 131 00 123 00 O8 00 
p-Nitrophenol — 100 — 00 — oOo — oo — 0-0 
m-Nitrobenzoic acid ...... 8-35 53-8 833 O1 O15 416 12-7 756 16 $841 I211 
o-Nitrobenzoic acid ...... 8-35 57:0 1000 10 00 356 00 296 00 60 00 
p-Nitrobenzoic acid ...... 8-35 16-7 13-5 03 00 75-1 684 13-8 70 613 61-4 
a-Nitronaphthalene ...... 865 29 32 42 34 1076 925 791 700 28:5 22-3 
Nitrobenzene .............++ 615 760 998 14 00 158 OO 156 00 02 00 
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TaBie II. 


Showing the effects of varying acetaldehyde and potassium hydroxide 
concentrations on the reduction of p-chloronitrobenzene in ethyl 
alcohol at 60°. 


Nitro-com- Azo- and azoxy- Acetone- Acetone- 
KOH, pound recovered. compound. soluble. insoluble. 
CH,yCHO, conc., — ee, Theory, a, —_—_—, 
conc., V. N. WwW. W.,%.- w. % M. p W. W.,%- WwW. W.%- 
0-00 0-50 8-04 102-0 0-00 0-0 — 0-00 0-0 0-00 0-0 
0-25 0-50 5-20 66-0 1-47 22-0 154° 0-57 6-2 0-49 6-3 
0-50 0-50 3-86 49-0 2-06 30-8 154 1-56 19-8 0-74 9-4 
1-00 0-50 1-98 25-2 2:20. 382-9 153-5 231 29-3 3-62 47-9 
2-00 0-50 1-08 138-7 118 17-6 161 3-07 =. 38-9 8-34 105-5 
0-50 0-00 7-88 100-0 0-00 0-0 —_ 0-00 0-0 0-00 0-0 
0-50 0-25 5-36 68-0 0-84 12-6 154 1-23 15-6 0-56 V1 
0-50 0-50 3-86 49-0 2-06 30:8 154 1-56 19-8 0-74 9-4 
0-50 1-00 2-36 30-0 3-03 45-4 154 1-73 22-0 1:05 13-4 
0-50 2-00 1-19 15-1 3-83 57-4 154 1-98 25-1 1-23 15-6 


The Insoluble Product from p-Chloronitrobenzene.—Several speci- 
mens of this compound were prepared by heating p-chloronitro- 
benzene at 60° in a N-solution of potassium hydroxide in ethyl 
alcohol containing 44 g. of acetaldehyde per litre. The product was 
washed and thoroughly extracted with acetone to remove all azoxy- 
or azo-compounds and aldehyde-resin, The brown residue, decomp. 
200°, was insoluble in benzene, ligroin, tetrachloroethylene and 
carbon tetrachloride and practically insoluble in methyl alcohol and 
acetone (Found in three separate specimens: C, 69-7, 69-3, 69-5; 
H, 5-1, 5-2, 5-3; N, 3-1, 3-0, 3-1; Cl, 7-7, 7-6, —. CygH,,0,NC] 
requires C, 69-4; H, 5-3; N, 3-1; Cl, 7-9%). 

Reduction of p-Chloronitrobenzene by Other Aldehydes or Acetone 
in Ethyl-alcoholic Potassiwm Hydroxide Solution.—Sufficient of the 
aldehyde, or acetone, was dissolved in 100 c.c. of purified alcohol to 
give a N-solution, p-chloronitrobenzene (0-05 g.-mol.) added, and 
the solution mixed with 100 c.c. of the N-alcoholic potash, After 
96 hours’ heating at 60°, chloronitrobenzene and nitrophenetole 
were recovered by steam distillation as before, but were not separated 
from any unchanged aldehyde, or acids derived from them which 
were also volatile in steam. Non-volatile solids were then filtered 
off after the addition of sufficient sodium carbonate to dissolve any 
acids formed from the aldehyde. 

The washed and dried residues were extracted with ligroin to 
isolate any pp’-dichloroazoxybenzene or pp’-dichloroazobenzene, 
and the approximate percentage of each was determined from the 
melting points of the products by means of the following melting 
points of prepared mixtures of the pure substances : 


pp’-Dichloroazob » % 0-0 125 250 375 500 625 750 87-5 100-0 
M. p. of mixture’ ............ 154° 160-5° 165° 169° 172° 175° 178°. 181° 188-5° 





NORTHERN POLYTECHNIC, 
Lonpon, N. 7. : [Received, December 18th, 1931.] 
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116. The Surface Tension and Density of Nitric Oxide. 
By Gzorrrry HERBERT CHEESMAN. 


NirrIc oxide presents one of the few cases where, unless association 
occurs, it is certain that there is a deviation from one or other of 
the rules postulating sheaths of eight electrons or bonds consisting 
of even numbers of shared electrons. It was hoped that a deter- 
mination of the parachor of this substance would afford material 
for comparison with chlorine dioxide (compare Cheesman, J., 1930, 
35). Although Johnson and Giauque (J. Amer. Chem. Soc., 1929, 
51, 3104) considered the liquid to be non-associated, yet the parachor 
and the Ramsay-Shields function deduced from the present results 
indicate considerable abnormality. 


EXPERIMENTAL. 


The gas was prepared by dropping sodium nitrite solution into 
acidified ferrous sulphate solution, and was passed over solid 
caustic soda, condensed in liquid air, and three times fractionated. 
It was then stored in a bulb immersed in liquid air. 

Since nitric oxide is very sensitive to traces of air, taps were 
replaced by mercury ventils of the type developed by Stock (Z. 
Elektrochem., 1917, 23, 33). Densities were measured in a small 
pyknometer, similar to that used in the work on chlorine dioxide 
Cheesman, loc. cit.), measured amounts of nitric oxide being introduced 
by the method described by Purcell and Cheesman (this vol., p. 826). 
Corrections were applied for the contraction of the pyknometer at 
low temperatures and for the amount of material in the gas phase, 
which, owing to the large vapour pressure of nitric oxide, becomes 
appreciable even a few degrees above the m. p. 

Surface-tension measurements were carried out by means of the 
two-capillary method of Sugden (J., 1921, 119, 1483) and call for 
no special comment. 

The measurements were conducted in a bath of liquid ethylene 
contained in an unsilvered Dewar vessel. The bath was cooled by 
passing liquid air through a copper tube immersed in the liquid, 
and temperatures were measured with a three-junction copper- 
constantan thermocouple and millivoltmeter. The m. p. of nitric 
oxide (— 163-4°) was taken as a fixed point in calibrating the instru- 
ment. 

The probable error in the density measurements is about 0-2% : 
the pyknometer, having been made for use with chlorine dioxide, 
was somewhat small, and in measuring the nitric oxide in the large 
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bulb of the measuring apparatus a pressure of only 43 mm. was 
required, which did not allow the full accuracy of the method to be 
developed. However, the readings were repeated five times and the 
deviation from the mean was satisfactorily small. The normal 
density of nitric oxide was taken as 1-3402 g./litre (Gray, J., 1905, 
87, 1601). 

Between —147° and —162-5°, 11 measurements of density and 
17 of surface tension were made, and the following values are 
interpolated from these. 


es ce —163-0° —159°5° —156-0° —153-6° 
Density (g./c.c.) ...++. 1-332 1-306 1-277 1-227 
y (dynes/em.) ......... 27-79 25-95 24-12 22-11 


The only value available for comparison is that of Adwentowski 
(Bull. Acad. Krakow, 1909, 742), viz., 1-269 for the density at the 
b. p. This is higher than the present value, but a very slight error 
in temperature would account for the difference. 

The very rapid variation of these properties may be compared 
with the steep gradient of the vapour-pressure curve (Johnson and 
Giauque, loc. cit.). The gradient of the Ramsay-Shields function 
is greater than the normal for non-associated liquids. This is pecu- 
liar, since association manifests itself by a low gradient. Extra- 
polation to zero gives 7’ = —88°, from which a critical temperature 
of —82° may be inferred: observed values lie nearer —96°. 

The parachor, P = M4/(D—d), where M = 30, is not constant, 
but rises with temperature : 


TOGRD. ccccccccocsnenseossse — 163-0° —159-5° — 156-0° — 153-6° 
Er aaspbeneteepecbaaqoanatens? 51-75 51-88 52-13 52-84 


The parachor calculated from the sum of the atomic constants is 
32-5. Near the m. p. the value tends to approach constancy, and 
the rapid rise may be due to depolymerisation to an unsaturated 
form, but it is hardly justifiable to speculate on this from parachor 
data alone. 


This work was carried out during the tenure of a Beit Fellowship, 
for which the author records his gratitude; he also thanks Prof. 
H. B. Baker for his kind interest. 


Roya CoLLeGEe or SCIENCE, 
SoutH KENSINGTON. [ Received, January 14th, 1932.] 
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117. The Solubilities of Copper, Manganese, and Some 
Sparingly Soluble Metals in Mercury. 


By Nervi, Maxstep Irvin and ALEXANDER SmitH RUSSELL. 


In this work the solubilities of metals of atomic numbers 22—29 
and of molybdenum, tungsten, and uranium have been investigated 
directly. The analytical method is sufficiently sensitive to give 
consistent and positive results for copper and manganese only. It 
fixes, however, the upper limit of solubility of the other metals. 
The only earlier work by a direct method is that of Richards and 
Garrod-Thomas (Z. physikal. Chem., 1910, 72, 179). They filtered 
saturated amalgams of copper and of iron through chamois leather 
thrice, distilled most of the mercury off, removed the rest by vol- 
atilisation, and determined the metals colorimetrically ; copper was 
also determined gravimetrically. For copper they got a mean 
value of 0-0024 g. per 100 g. of mercury, the order of which was 
supported by electrometric measurements. For iron the value was 
0-0013 g. They doubted whether this small value was genuine, as 
it was unsupported by electrometric measurements. 

The only other work on the solubilities of these metals has been 
done by electrometric methods by Tammann and Kollmann (Z. 
anorg. Chem., 1927, 160, 242) and by Tammann and Hinniiber (ibid., 
p. 249). The former prepared dilute amalgams of iron, cobalt, 
nickel, and copper and determined the P.D.’s between increasingly 
diluted amalgams and the calomel electrode; the potential fell at 
first quickly with dilution but eventually attained a constant 
value from which the solubility of the metal in the mercury was 
calculated. The latter workers found this method unsuitable for 
the other metals examined, and made several modifications of it. 
The values they obtained in the combined experiments were (in g. 
per 100 g. of mercury at 18°) Fe 1-0 x 10-1”, Co 1-7 x 10-4, Ni 5-9 x 10-4, 
Cu 3-2 10-3, Mn 2-5 x 10%, Cr 3:1 x 10-4, and U 1-4x 10+. Definite 
data for the upper limits of the solubilities of vanadium, molyb- 
denum, and tungsten could not be obtained; the values, however, 
must be very small. These authors suggested that Richards and 
Garrod-Thomas’s value for copper, which was two-thirds of theirs, 
was possibly due to oxidation of copper during filtration in the 
latter’s work, with consequent retention by the chamois leather of 
copper oxide. 

The solubility in mercury of a metal which is sparingly soluble 
is clearly unlikely to be a definite quantity. The metals under 
discussion, unlike zinc, tin, lead, and bismuth, are known to form 
aggregates not only with themselves but also with mercury. The 
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sizes of the particles may accordingly vary from atomic dimensions 
upwards, and the quantity which passes a filter would then depend 
upon the factors controlling the distribution of particle sizes and 
the diameter of the filter-pores. Until the sizes of particles in mer- 
cury have been determined, the term “ solubility ’’ must be a very 
loose one. Nevertheless, there is a possibility that with some 
metals there may be a sharp distinction between the sizes of the 
smallest particles and the others, and this would be revealed by 
filtration experiments. In the experiments to be described, chamois 
leather was used as a filter at first ; later, a filter-crucible of sintered 
glass was found to be more convenient and to give much more con- 
sistent results. Results with some metals, especially with copper, 
obtained with the two different filters were strikingly different. 
The filter used had a base of sintered Jena glass, 3 cm. in diameter 
and 3 mm. thick with a porosity described by Schott and Gen. as 
““5—7.”” Under the reduced pressure caused by a water-pump, an 
amalgam of a sparingly soluble metal was quickly separated into a 
filtrate in the Buchner funnel and a semi-solid paste on the glass 
filter. In all experiments on which reliance was placed, the base 
of the filter was completely covered with this paste and the filtrate 
passed through it at least three times. The uncertainty of the results 
obtained with a chamois leather filter was partly that some of the 
apertures in it were unduly larger than others and partly that the 
filtrate could not always be passed through a thick layer of paste 
to ensure the retention of much that might otherwise pass through. 

The filtrate was examined for soluble metal by being shaken 
with a few drops of N/10-permanganate acidified with dilute sul- 
phuric acid. If none is there shaking breaks up the mercury into 
a mass of small bubbles. If some is present, then, since all but 
nickel and tungsten are more reactive in mercury than mercury 
itself (Russell, J., 1929, 2398), they react first with permanganate. 
An excess of the latter ensures complete removal from the mercury. 
It is then simple to remove mercuric ions from the solution and 
determine the metal volumetrically. 


ExPERIMENTAL. 


Solubility of Copper.—Experiments with chamois leather. These 
showed entirely different values of the solubility according as 
the copper amalgam was prepared (i) by electrolysis or displace- 
ment by a more reactive metal or (ii) by shaking into mercury the 
finely divided copper from the reduction of copper sulphate by 
acidified bivalent vanadium ions. In the former case, an amalgam 
containing 0-2—5 g. of copper in 200 g. of mercury gave a paste 
which was retained by the leather and a filtrate which gave a 
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concentration of copper from 0-0032 to 0-10% depending upon the 
nature of the leather, the original concentration of the amalgam, 
and the time the amalgam had stood between preparation and fil- 
tration. There were, however, no significant regularities. The 
minimum value, which was obtained many times, is the only one 
of interest ; it represents the best that chamois leather can do; it 
is equal to the mean value of Tammann and Hinniiber. In the latter 
case, frequently the whole of the amalgam passed repeatedly through 
the same chamois leathers as had before been used in obtaining 
minimum values of the solubility; apparent solubilities as high as 
0-78% were obtained. Very concentrated amalgams prepared in the 
same way usually developed a thin paste which was retained by the 
leather. It was different in appearance and in touch from the other 
pastes. In presence of this paste the solubility varied from 0-3 
to 001%. These divergent results, although of significance in an 
investigation of particle size in mercury, promised little for exact 
solubility determinations. The chamois leather method was 
accordingly abandoned. 

Final results. Copper amalgams were prepared in three ways : 
(a) by electrolysing 1—5 g. of copper into 200 g. of mercury, (b) by 
complete displacement of about 2 g. of lead or bismuth in 200 g. of 
mercury with the equivalent mass of copper from acidified copper 
sulphate, (c) by the vanadium-reduction method already mentioned. 
In (a), analysis of the copper-mercury complex (to be described in 
a later paper) showed that most of it existed as a new compound 
Hg;Cu,. In (6) most of it existed as the well-known compound 
HgCu. In (c) the copper was heavily mercurised at first but, in a 
few days, became converted into a new compound, rich in mercury, 
Hg,Cu,. These different associations with mercury might be ex- 
pected to lead to different values of the solubility. The amalgam 
was then passed through the ground-glass filter until the whole of 
its base was covered with a thick layer of paste. [This occurred 
the first time with amalgams made by methods (a) and (b).] The 
filtrate was then passed thrice through its paste, weighed, shaken 
with acidified permanganate till bubbles appeared, and then shaken 
with a further 5 c.c. of N/10-permanganate. Mercurie ions were 
next completely removed by a method to be described, a freshly- 
made paste of cuprous iodide was added to the copper solution, 
and copper finally determined by the potassium iodide-thiosulphate 
method. 

Although mercuric ions in small amount do not interfere with the 
determination of quantities such as 10 c.c. of N/10-copper sulphate, 
an excess of mercuric ions led to inaccurate results when the 
aaa ss here, were of the order of 1 or 2 c.c., even when a 
aa 
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paste of cuprous iodide was added as catalyst. Mercuric ions were 
removed simply as follows. A 2°% amalgam of cobalt was vigorously 
shaken with the solution containing the cupric and mercuric ions. 
It reduced the latter quantitatively to metal and slightly reduced 
some of the cupric to cuprous ions. The latter could be re-oxidised 
by a few drops of N/10-permanganate, but the end-point was not 
easily seen in presence of the cobaltous ions. It was found simpler 
to make a general correction for the error introduced by the method. 
Known quantities of copper, of the order of those to be determined, 
were accurately electrolysed into mercury, removed from it by 
oxidation with excess of acidified permanganate, and the resulting 
solution vigorously shaken with the cobalt amalgam. To the de- 
canted liquid and its washings, were added potassium iodide, a paste 
of cuprous iodide, and starch, and the liberate iodine was titrated 
with N/10-thiosulphate. The following results were obtained: 
Copper taken, 0-0495, 0-0111, 0-0098, 0-0067, 0-0041 g.; found, 
0-0463, 0-0101, 0-0088, 0-0061, 0-0038 g. respectively. To bring the 
experimental to the true results increases of 7, 10, 11, 10 and 8% 
respectively were thus necessary. A correction of 10% was adopted. 

Experimental results at 20° under different conditions are 
included in the table. 


Method of Time between Solubility 
making preparation Copper found, Mercury, (g. per 100 g. 
amalgam. and filtration. g. g. of mercury). 
(a) 5 mins. 0-0035 170 0-0020 
(a) 36 hours 0-0035 170 0-0020 
(a) 7 days 0-0035 170 0-0020 
(a) 30 mins. 0-0094 450 0-0021 
(a) 1 day 0-0175 850 0-0020 
(b) 1 day 0-0101 530 0-0019 
(b) 4 days 0-0097 475 0-0020 
(c) 30 mins. 0-0315 370 0-0851 
(c) 30 mins. 0-0042 215 0-0020 
(c) 1 day 0-0056 290 0-0019 


The results obtained are constant: 0-0020% with an error of 5% 
may be taken as the solubility. The only high value of this table, 
the eighth, was obtained as might have been expected from the 
results with chamois leather, when filtration occurred with insufficient 
paste to cover the base of the filter. When paste made by methods 
(a) or (6) was placed there before amalgams (c) were filtered, as in 
the two last results, the normal result was obtained. 

Attempts were made to diminish the solubility by adding to 
different saturated copper amalgams in about 500 g. of mercury : 
(i) the insoluble paste from a filtered amalgam of iron, (ii) the 
insoluble paste from a filtered amalgam of the compound ZnCu, 
(iii) 1 g. of zine, then allowing the amalgams to stand for 1 day and 
determining the solubility in the ordinary way. In every ease a 
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solubility of 0-002% (within the limits of experimental error) was 
obtained. In the first case it was expected that the insoluble iron 
complex would sorb the very small amount of soluble copper. 
After filtration through the mixed pastes, however, 470 g. of 
mercury gave 0-0097 g. of copper and 460 g. gave 0-0090, leading 
to values 5% greater and less respectively than the mean value 
adopted. (In these experiments any soluble iron would not interfere 
with the copper determination because, although it would be oxidised 
to ferric ions on its removal from the amalgam, it would be reduced 
to ferrous ions by the cobalt amalgam, and thus not react with 
potassium iodide.) It is shown later, however, that iron is quite 
insoluble in mercury. In the second and third cases, it was expected 
that possible compound formation between copper and the com- 
pound ZnCu or between copper and zinc would convert the soluble 
copper into insoluble compound. Earlier work (this vol., p. 856) has 
shown, however, that despite the fact that insoluble copper is, 
without difficulty, converted into insoluble copper compound, there 
is some dissociation of the latter into free copper sufficient to give 
the ordinary value of the solubility. 

Solubility of Manganese.—An amalgam of 1 g. of metal in 200 g. 
of mercury was prepared by the method of Russell, Evans, and Rowell 
(J., 1926, 1872). It furnished a paste on the glass filter through which 
the filtrate passed without difficulty. The weighed filtrate was 
shaken with excess of acidified N/10-ferric sulphate to oxidise the 
manganese, the mercuric ions were removed by shaking this solu- 
tion with zinc amalgam, and manganese was determined volu- 
metrically as permanganate after oxidation by sodium bismuthate 
and nitric acid. The second part of the method was checked by 
reducing 20 c.c. of N/10-permanganate with zinc amalgam, and 
re-oxidising the solution with sodium bismuthate to give accurately 
20-0 c.c. of N/10-permanganate standardised against N/10-ferric 
sulphate. The insoluble paste was then added to various masses 
of mercury and refiltered after different times of standing from 1 
hour to 7 days. All experiments gave approximately the same 
values for the solubility. Typical experiments were : 

Manganese found, g._...s+s.e0e0e 0-0022 0-0088 0-0080 0-0075 
Mercury, Z. ..seseseeeesreersereners 200 900 850 670 
Solubility (g. per 100 g.mereury) 0-00110 0-00098  0-00094 0-00112 
The mean value is taken as 0-001% with an error of 10%. In 
presence of zinc, this small value was found not to be diminished. 
To a manganese amalgam containing 0-1 g. in about 700 g. of 
mercury was added 1 g. of zinc. This is more than sufficient to 
form any possible complex with the manganese. (This was shown 
by oxidising the amalgam with acidified N/10-ferric sulphate. In 
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the solution obtained, no manganese ions were detected. This 
showed that the more reactive free zinc was present in the amalgam. ) 
The solubility of manganese was determined in the ordinary way, 
the soluble zinc which also passed the filter not interfering with 
the determination. The ordinary value of the solubility was found. 
Thus 0-0075 g. of manganese was found in 680 g. of mercury: this 
gives a value of 0-0011%. 

Solubilities of Titanium, Vanadium, Chromium, Iron, Cobalt, 
Nickel, Molybdenum, Tungsten, and Uranium.—Separate amalgams 
of these metals containing approximately 0-2 g. of metal in about 
200 g. of mercury were obtained by electrolysis : those of titanium, 
vanadium, and uranium by the methods of Groves and Russell 
(J., 1931, 2385), of molybdenum: and tungsten by the methods of 
Jackson, Russell, and Merrill (J., 1929, 2389 and 2394), and those 
of the other metals by standard methods. After two days’ standing, 
it was presumed that the mercury was saturated with the soluble 
metal. After filtration through its own paste on the ground-glass 
filter, the filtrate in every case broke into a mass of small bubbles 
of mercury on being shaken with a few drops of acidified N/10- 
permanganate or ferric sulphate solution, indicating that the 
amount of second metal present must be very small. In each case 
the amalgam was then shaken with 5 c.c. of N/10-permanganate, 
the mercuric ions removed by shaking with zinc amalgam, and the 
liquid tested qualitatively for second metal. In no case was any 
detected. The sensitiveness of the test employed was then deter- 
mined by ordinary methods to fix an upper limit for the solubility 
of the metal. The values for the percentage solubilities obtained 
were : Titanium <1 x 10°, vanadium < 5 x 10°, chromium <5 x 
10°, iron <1 x 10°, cobalt <8 x 10°, nickel < 2 x 10%, molyb- 
denum < 2 x 10°, tungsten <1 x 10°, uranium <1 x 10°. 


Discussion of Results. 


The percentage solubilities determined in this work are compared 
with those of other workers in the table. 
Tammann, Kollmann, Richards and 
Metal. This work. and Hinniiber. Garrod-Thomas. 


Copper ...seceeeees 0-0020 0-0032 0-0024 
Manganese ......... 0-0010 0-00025 — 
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The agreement, it is seen, is not good. For copper there is agree- 
ment about the order of the result, but the direct (filtration) 
methods evidently give lower results than the electrometric method. 
For manganese the direct method gives a value four times larger 
than that obtained by the electrometric, but with three other metals, 
viz., cobalt, nickel, and uranium, the values got are much smaller ; 
this is especially so with cobalt which has been carefully done 
many times by the direct method. There is agreement that the 
solubilities of the remaining metals are all exceedingly small. It 
is evident also that Richards and Garrod-Thomas were right in 
their conjecture that the solubility of iron was not their determined 
value but very much smaller. 

It is noteworthy that copper and manganese alone have measur- 
able solubilities when investigated by the filtration method. Re- 
garded as a pre-transition element, the latter has an abnormally 
high solubility. Regarded as a metal of the B sub-group of the 
periodic classification, the former has an abnormally low one. 
Since none of the many intermetallic compounds formed in mercury 
has an appreciable solubility in mercury, it might be argued that 
the low solubilities of the metals examined in this work are due to 
compound formation with mercury. The high value for copper 
would then be explained by the fact established in earlier work 
(this vol., p. 856), that the copper—mercury compound dissociated 
to a small extent into uncombined copper. The argument may be 
true for copper but is not generally applicable. There is no evidence 
that manganese dissociates from its compound with mercury into free 
manganese. There is positive evidence, on the other hand, that iron 
often does not form a compound with mercury (this vol., p. 843). 

The work on solubilities is being continued by other methods 
in order to throw light on particle-sizes in mercury. ' 


Summary. 


1. The solubilities of metals of atomic numbers 22—29 and of 
molybdenum, tungsten, and uranium in mercury have been deter- 
mined by preparing an amalgam of each metal, separating the solid 
from the liquid phase by filtration through a filter of sintered Jena 
glass, removing the metal from the mercury by oxidation with 
potassium permanganate or ferric sulphate, and determining it 
volumetrically. 

2. Copper and manganese alone of these metals have solubilities 
greater than 1 in 10’, their values being 0-0020 and 0-0010% 
respectively. These values seem quite definite, and are not appreci- 
ably influenced by the presence in the amalgams of certain third 
metals or intermetallic compounds. 
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3. Upper limits for the solubilities of the other metals examined 
are given. 

4, The solubilities determined are not in good agreement with 
those previously obtained by other workers by electrometric 
methods. 


Dr. Ler’s LABORATORY, 
Curist CourncH, OxFORD. [ Received, January 15th, 1932.] 





118. The Dimorphism of Certain Aliphatic Compounds. 
Part I. 


By Jown Wit1i1aAmM Cote PaILiips and STANLEY AUGUSTUS 
MUMFORD. 


In a previous paper (J., 1931, 1732) a thermal examination of the 
ethyl esters of palmitic and stearic acids was reported, and in 
agreement with Smith (ibid., p. 802) it was found that the dimorphism 
exhibited by these two esters was monotropic in character, the 
transparent «-form first obtained when the liquid was cooled being 
metastable and readily converted by further cooling into a more 
opaque, higher-melting, stable 8-modification with evolution of heat. 
The transformation was found to be irreversible, and very much 
more rapid with the palmitate than with the stearate. 

It was further observed that, although the ethyl ester of margaric 
acid also showed dimorphism, this, in contrast to that of the palmitate 
and stearate, was enantiotropic, the transparent «-form, f. p. 25-2°, 
obtained on solidification changing reversibly on further cooling 
into an opaque @-modification,* at a transition temperature of 11— 
12° (from the cooling curve). This has recently received confirm- 
ation from Malkin’s account (J., 1931, 2796) of his thermal and 
X-ray examination of various higher aliphatic esters (compare 
Nature, 1931, 127, 126). This author records 25-0° as the setting 
point of the «-form of ethyl margarate, and 9-5° as its transition 
temperature; and the series of dimorphous ethyl esters has been 
extended by his observation that ethyl nonadecoate sets at 35-5° 
to a transparent solid and changes reversibly to an opaque form at 
24-3—24-7°, whilst ethyl eicosoate solidifies to a metastable trans- 
parent form at 40-5°, and is converted irreversibly into a stable 
opaque modification, m. p. 41°, on further cooling. 

From these facts, collected in Table I, it is evident that, although 

* In the previous paper the low-temperature variety of ethyl margarate 
was referred to as the y-form, but as it appears to be crystallographically 


similar to the B-forms of ethyl palmitate and stearate it is now termed the 
B-modification. 
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CERTAIN ALIPHATIC COMPOUNDS. 







































xd TaBLe I. 
Dimorphism of the Ethyl Esters of the n-Fatty Acids. 
ih Higher-melting 
ic a-Form B-form 
Ester. (transparent). Jransition. (opaque). 
Palmitate (metastable) Monotropic (transition m. p. 24-1° (a) 
f. p. 19-2° (a) to B occurs at f. p. 24-18 (6) 
19-4 (b) of a-form). m.p.* 25 = (0) 
198 (c) 25  (c) 
Margarate (stable) Enantiotropic : ~- 
f.p. 25:2 (a) Transition temp. = 
25-0 (c) 11—12° (a) 
y. m. p.* 25-8 (a) 9-5 (c) 
28 = (c) 
Stearate (metastable) Monotropic (transition m. p. 32:9 (a) 
f.p. 30-4 (a) to B occurs slowly 33-4 (bd) 
30-9 (b) on further cooling). m. p.*34 = (b) 
30°75 (c) 34 (ce) 
33-5 (d) 
, Nonadecoate (stable) Enantiotropic : ~- 
n f. p. 35°5 (c) Transition temp. = 
n m. p.* 37-5 (c) 24-5 (c) 
37-5 (d) 
, Eicosoate (metastable) Monotropic (transition m.p.*41  (c) 
y f.p. 40:5 (c) to opaque form oc- 42 (d) 
" curs on further cool- 
ing). 


References : (a) present authors; (b) Smith; (c) Malkin; (d) Levene and 
Taylor (loc. cit.). 


— ee 


(m. p.* indicates capillary m. p.) 


alternation results when a comparison is made of the melting 
points of those modifications of the ethyl esters which are stable at 
, the melting point, this is due to the circumstance that it is the 
8 opaque forms of the esters of the even acids and the « transparent 
forms of those of the odd acids which are being compared. When 
the strictly comparable «-forms are alone taken into consideration, 
the alternation disappears, for, as pointed out by Malkin, the 
setting points of the «-forms of both odd and even esters lie on a 
smooth curve (see Fig. 2, B). 

Malkin’s summary (loc. cit., p. 2800) of his thermal examination 
of the esters, however, fails to differentiate adequately between the 
monotropic dimorphism of the even and the enantiotropic di- 
morphism of the odd esters, and in particular, to indicate that the 
different stability of the transparent forms is due to the fact that 
those of the odd esters are the stable, but those of the even esters 
merely metastable, modifications in the vicinity of the setting 
point. 

From Fig. 1, (ii), it will be seen that both cooling and heating 
curves of the ethyl esters of the odd acids show two distinct arrests, 
one at the setting point of the transparent «-form, and the other 


Se Ne 

























900 PHILLIPS AND MUMFORD: THE DIMORPHISM OF 


at the temperature at which this changes reversibly into the opaque 
8-modification, the «-form being stable between these two temper- 
atures, and the 6 below the latter. The change is definitely enantio- 
tropic. 

With the ethyl esters of the even acids, on the other hand [Fig. 
1, (i)], only the cooling curves show two arrests; the first, as above, 
is at the setting point of the transparent «-form, and the second 


Fia. 1. 
Cooling curves. Heating curves. 
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corresponds to a spontaneous and exothermic change into the stable, 
opaque, and higher-melting @-modification. In an ideal case these 
two arrests are superimposed, the «- changing into the $-form 
with rise of temperature above the setting point of the former. 
This occurs, for example, with ethyl palmitate [A in Fig. 1, (i)], 
and by regulating the rate of cooling and seeding with @-crystals, 
this phenomenon can be induced with ethyl stearate also [curve 
B (1), Fig. 1, (i)].__ Normally, however, the cooling curve of the latter 
compound resembles those of the esters of the odd acids in showing 
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arrests at two different temperatures [curves B (2)—(4), Fig. 1, 
(i)], the change from « to 6 being very slow, especially in the presence 
of traces of impurities (compare Smith, Joc. cit.). With less pure 
specimens of ethyl palmitate a similar cooling curve may also be 
obtained. The temperature at which the second arrest occurs, 
however, cannot justifiably be termed a “ transition ” temperature, 
as is done by Malkin, for, apart from the fact that it varies consider- 
ably according to the conditions of the cooling, the heating curves 


Fig. 2. 
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of these even esters show only one arrest, which occurs at the 
melting point of the higher-melting -modification, providing the 
«——> 8-transformation has taken place to completion. If this 
change is slow, however, as with ethyl stearate, it is possible to 
solidify the ester and cool it to laboratory temperature in its meta- 
stable «-form, in which case, of course, the arrest in the heating curve 
occurs at the melting point of this «-modification [heating curve 
B, a, Fig. 1, (i)]. It is evident that we are here dealing with mono- 
tropic dimorphism. 

From the X-ray spacing data of Malkin, the $-forms of both odd 
and even esters appear to be of the same crystallographic type and 
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to possess carbon chains tilted with respect to the planes formed by 
the terminal groups. They differ, however, in that the 6 even 
esters are stable up to their m. p.’s, whereas the 8 odd esters undergo 
transition into the corresponding «-forms some 10—15° below their 
m. p.’s. This difference, according to Malkin, is connected with the 
difference in the density of packing in the terminal planes between 
odd and even chains, the odd being separated by alternate loosely 
and closely packed planes and hence being less stable than the 
even, which are separated by similar closely packed planes. The 
a-forms of both even and odd esters, metastable in the case of the 
former, and stable down to the transition temperature in the case of 
the latter, give correspondingly longer spacings and appear to have 
vertical chains. 

In extending these considerations to esters higher and lower in 
the series than those given in Table I, the variation of the rate of 
change from metastable to stable form in the case of even esters, 
and the extent to which this is influenced by impurities, has to be 
borne in mind. Since the change with ethyl palmitate is so very 
much more rapid than with ethyl stearate, it would be expected 
that isolation of the metastable «-forms of lower even esters might 
be a matter of difficulty. A preliminary thermal examination of 
the ethyl esters of myristic, lauric, and decoic acids appears to 
confirm this, and to indicate that only the stable @-forms are readily 
obtainable. 

In the case of ethyl myristate, b. p. (uncorr.) 139-0° + 0-4°/4 mm., 
prepared from the acid by the method of Whitby (J., 1926, 1458), 
the liquid supercooled to about 6° and then solidified in the opaque 
8-form, m. p. 12-3°, with rise of temperature, the f. p. of the ester 
(by seeding at 10-5°) being 11-7°; Garner and Rushbrooke (J., 
1927, 1351) give 11-0° as the setting point. Two specimens of ethyl 
laurate were examined, b. p.’s 121-8° + 0-2°/5 mm. and 121-7° + 
0-3°/5 mm., prepared respectively from lauronitrile by the imino- 
ether method, and from the acid as above, and both had f. p. — 2-0° 
(with supercooling to about — 4°); whilst that of the ethyl decoate, 
b. p. 96-5° + 0-1°/5 mm., obtained from Kahlbaum and purified by 
fractionation, was — 20-5° (with supercooling to — 21-5°). Deffet 
(Bull. Soc. chim. Belg., 1931, 40, 385) gives — 19-9° as the f. p. of the 
latter ester. The cooling curves of the solid myristate and laurate 
showed no discontinuity, and the heating curves of all three esters 
only the one arrest at the m. p. 

It will be seen from Fig. 2, B, that these freezing points lie on 
the curve obtained by plotting against the number of carbon atoms 
in the various compounds the m. p.’s of the §-forms of ethyl 
palmitate, stearate, and eicosoate (Table I), and the f. p.’s of ethyl 
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n-octoate (— 44-75°, Timmermans, Bull. Soc. chim. Belg., 1923, 
31, 389; — 43-1°, Deffet, loc. cit.), and ethyl n-hexoate (— 67-5°; 
Simon, ibid., 1929, 38, 47). The corresponding curve for the esters 
of the odd acids is incomplete, but it may be approximately outlined 
by plotting the setting points of ethyl margarate and nonadecoate 
(Table I), the m. p.’s of ethyl pentadecoate (14°; Le Sueur, J., 
1904, 85, 827) and ethyl heneicosoate (45°; Levene and Taylor, 
J. Biol. Chem., 1924, 59, 905) and the f. p.’s of ethyl pelargonate 
(— 44-45°; Timmermans, loc. cit.) and ethyl heptoate (— 66-1°; 
Deffet, loc. cit.). The f. p.’s of the «-forms of the higher even esters 
fall satisfactorily on this odd-ester curve. It is of interest in this 
connexion that the f. p. recorded for ethyl laurate by Timmermans 
(loc. cit.), viz., — 10-65° (compare Gérgey, Annalen, 1848, 66, 303, 
who states that it solidifies at — 10°), also lies close to this curve, 
and it is possible, therefore, that the solid obtained by these authors 
was the «-form of the ester. Nevertheless, the precise course of 
the lower part of the odd-ester curve is uncertain for the f. p. given 
by Deffet (loc. cit.) for ethyl pelargonate (viz., — 36-1°) is con- 
siderably higher than that of Timmermans (see above). This 
uncertainty, however, does not apply to the upper portion of the 
curve, and does not affect the general conclusions drawn from a 
survey of the f.-p. data, for the curve in question is, in any case, 
lower than, and distinct from, that of the even esters. 

In contrast to these lower members, the change from « to 8 with 
the higher even esters will probably be as slow as, or even slower 
than, that with ethyl stearate. The closeness of the values given 
by Malkin for the setting point of the «- and the m. p. of the $-form 
of ethyl eiocosoate may, therefore, be in some measure due to in- 
complete conversion, for even with ethyl stearate the change takes 
a considerable time and in an m. p. determination carried out before 
all the ester is in the 8-form the compound naturally shows signs of 
incipient fusion at the setting point of the «-variety. It is even 
possible, in certain cases, to realise a complete melting curve of the 
a-form (compare above). 

In the case of the odd esters, such difficulties as these should 
not arise, and it is hoped to examine some of the other members 
in due course. Malkin records two spacings for ethyl heneicosoate, 
indicating the occurrence of dimorphism, but does not appear to 
have made a thermal examination of this ester. 

The dimorphic peculiarities of the long-chain ethyl esters are 
paralleled by those of the acetates of the higher alcohols, at least 
so far as the even members are concerned. Thermal data for cetyl 
and octadecyl acetates are given in Fig. 3, from which it will be seen 
that they closely resemble their isomerides, ethyl palmitate and 
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stearate respectively. Their cooling curves show clearly how the 
“ transition ’’ temperature, in the case of even esters, varies accord- 
ing to the conditions of the experiment. With both compounds 
the «-modification is sufficiently stable to be cooled to 12—15° 
without undergoing transformation, and accordingly, as with 
ethyl stearate, a melting curve of this form, as well as of the 8, 
can be obtained. The f. p.’s of the «- and m. p.’s of the ®-forms of - 
these two esters are plotted against their carbon content in Fig. 2, C, 
together with the m. p.’s of tetradecyl and eicosyl acetates (12— 
13°, Krafft, Ber., 1883, 16, 1720; and 39-5—40-5°, Adam and 
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Dyer, J., 1925, 127, 70, respectively). No data are available 
regarding the odd esters of this series, apart from an m. p. of 
pentadecyl acetate (l10O—11°; Panics, Monatsh., 1894, 15, 13), which 
falls approximately on the freezing-point curve of the «-forms of the 
above, but it seems probable that they will exhibit the enantiotropic 
dimorphism of the odd ethyl esters, and this point is being investi- 
gated. 

Monotropic polymorphism has also been noted with, inter alia, 
isobutyl palmitate and stearate (Vorlinder and Selke, Z. physikal. 
Chem., 1927, 129, 435), diethyl cetylmalonate (present authors, 
loc. cit.) and, of course, with many of the glycerides of the higher 
even acids; and from the relationship of these compounds to the 
monotropic esters discussed above, it seems possible that alternation 
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of dimorphic type may be found to be a more or less generai character- 
istic of series of aliphatic esters. The alternation in the case of the 
methyl esters appears to be of a somewhat different kind, for evidence 
of dimorphism has been found only with the esters of the odd acids 
(Malkin, loc. cit.); but with the parent acids themselves a marked 
resemblance to the ethyl ester series is apparent (Fig. 2). The 
odd acids, as shown by Garner and his co-workers (J., 1924, 125, 
369, 881; 1925, 127, 720; 1926, 2491), and confirmed by de Boer 
(Nature, 1927, 119, 50, 634), show enantiotropic dimorphism, 
whilst as regards the even members, the latter author, from the 
effect of temperature on the different sets of X-ray spacings observed 
by Piper, Malkin, and Austin (J., 1926, 2310), concluded that they 
had only monotropic modifications. At the same time, there are 
several points of difference between the two series, notably in that 
the enantiotropy of the odd acids is of a peculiar unilateral type in 
the case of the higher members (Garner and King, J., 1929, 1849), 
whilst the metastable modifications of the even acids appear to be 
obtainable only by crystallisation from solvents, and to pass into 
the corresponding stable forms on being heated to a more or less 
definite ‘‘ transition” temperature (Francis, Piper, and Malkin, 
Proc. Roy. Soc., 1930, A,128, 214; Thibaud and La Tour, Compt. 
rend., 1930, 190, 945). Two monotropic modifications have, how- 
ever, been isolated in the case of an even member of the corresponding 
unsaturated series, namely oleic acid, which can exist in a metastable, 
transparent, acicular form, s. p. and m. p. 13-2°, and a stable opaque 
variety, m. p. 16° (Kirschner, Z. physiol. Chem., 1912, 79, 759; 
Bertram, Rec. trav. chim., 1927, 46, 397). It is also of interest to 
recall that Tammann (Z. anorg. Chem., 1920, 109, 221) explained 
the alternating melting points in the fatty-acid series on the assump- 
tion that the even acids existed in two, but the odd in only one, 
form, his evidence being that acetic acid was dimorphous, with a 
triple point of 57-5° under 2330 kg./sq. cm., whereas formic acid 
showed no such behaviour. 

In conclusion, it would appear possible that a more or less similar 
alternation of polymorphic type may likewise occur in other related 
series of compounds. In the dibasic acid series, for example, 
Caspari (J., 1929, 2709) isolated two modifications of azelaic acid, 
but could only obtain one of suberic and sebacic acids, whilst La 
Tour (Compt. rend., 1930, 191, 1348) found that succinic acid 
exhibited enantiotropic dimorphism with a transition point some 
50° below its m. p. With the alcohols, again, evidence has been 
obtained from X-ray spacing data (Malkin, J. Amer. Chem. Soc., 
1930, 52, 3739) of the existence of enantiotropy with the even, but 
not the odd, members, and this has been confirmed thermally for 
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myristyl and cetyl alcohols by Garner and Rushbrooke and by the 
present authors respectively (loc. cit.). With the halides, Deese 
(J. Amer. Chem. Soc., 1931, 53, 3673) records that n-amyl bromide 
exhibits a transition about 25° below its m. p., whereas the corre- 
sponding n-butyl and hexyl derivatives show no such behaviour ; 
cetyl chloride (and possibly the bromide and iodide), on the other 
hand, shows monotropic dimorphism (present authors, loc. cit.). 
The available data for these and other series are, however, too 
scanty for further generalisation. 


Fartey, SALIspury, WILTs. [Received, February 3rd, 1932.] 





119. Effect of Replacement of Methyl by Alkyl and 
Aryl on the Stability of the Xanthate Molecule. 


By Irene Mary McALPrine. 


Dvurine the work on menthyl and bornyl methy! xanthate (J., 1931, 
1114) considerable variation was noticed in the rotation of the 
terpenic decomposition products, and also in the temperature of 
decomposition and in the conditions of formation of the “ stable ” 
modification of the xanthate. It therefore seemed advisable to 
prepare further derivatives, the ones chosen being those in which 
the isopropyl, benzyl, or p-nitrobenzyl group is substituted for 
methyl, and to study these esters under the same conditions as 
those used for the previous work. 

Little difference was observed in the rate of hydrolysis of the 
two esters compared with that of the methy] ester. 

The main decomposition reaction remained the same throughout, 
menthene, a mercaptan, and carbonyl sulphide being formed : 


CHMe CHMe 
a rae 
2 2 eaerw 2 2 ‘ ° 
‘H, CH-O-CS‘SR naling ter 
Z V 
\ Gar \ Apr 


(R = Me, Pr®, CH,Ph, or CH,°C,H,°NO,.) 


In general, the temperature required to decompose the isopropyl 
ester was higher than that required for the corresponding methyl 
ester under the same conditions. In the homogeneous state there 
is no decomposition of the isopropyl xanthate below 160°, whereas 
at 155—160° the methyl ester is decomposed completely in 12 
hours, decomposition commencing at 120°. Similarly, an additional 
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15—20° is necessary to cause the decomposition of the isopropyl 
ester on distillation in a vacuum, and 12% of the “ stable ” form 
of the initial material, differing from the original only in its stability 
to distillation in a vacuum, is always obtained from this ester, 
whereas the “stable ’’ form is only obtained under one special set 
of conditions from the methyl ester. On the other hand, the tem- 
peratures required to decompose the benzyl ester are approximately 
the same as those required for the methyl ester, the actual rate of 
decomposition being rather greater than with that ester. The 
nitrobenzyl ester was only examined in solution. 

The results of decomposition in solvents are seen in Table I, 
which gives the values of «}%;, (1 = 1) for 10% solutions of the 
ester heated at 120° for given periods. 


TABLE I. 
Time Ethylene n-Butyl] alcohol, 
(hrs.). dibromide. Nitrobenzene. c= 4%. Pyridine. 
Menthyl isoPropyl Xanthate, 
0 — 587° —6-78° —2-75° —17-50° 
6 4°70 4°76 2-58 7-10 
12 3°87 3°66 2-40 6°48 
18 3°43 2-40 2-38 6°13 
Menthyl Benzyl Xanthate. 
0 —2-73 —3-22 —1-48 —4:-13 
6 2-23 1-84 1-27 3°45 
12 1-70 0:46 1-08 2-54 
18 1-14 unreadable 1-01 1-65 
Menthyl p-Nitrobenzyl Xanthate. 
0 —1-75 —2-20 —0-68 —3-06 
6 1-32 1-12 0-45 1-95 
12 1-00 0-26 0°24 unreadable 
18 0-62 +0-80 0-05 —_ 


Decomposition occurs when the solutions in all the solvents are 
heated, but it is much slower in pyridine and in butyl alcohol than 
in the other two, nitrobenzene causing the greatest amount of 
decomposition. Comparisons can only be made roughly owing to 
the difference in initial readings in each case, but the rate of decom- 
position of the isopropyl ester compared with that of the methyl 
ester is distinctly less in all the solvents with the exception of 
pyridine, in which the rate is slightly increased. With the benzyl 
ester the opposite is the case, the speed of decomposition being 
distinctly increased, and a further increase takes place on the intro- 
duction of the p-nitrobenzyl group. Increase of temperature has 
little effect on these rates with the exception of those for solutions 
in nitrobenzene, in which it considerably accelerates the speed of 
decomposition. 

Examination of the products of the reaction shows that, although 
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nitrobenzene causes only decomposition of the methyl ester, it 
causes both decomposition and transformation of the isopropyl 
ester into the stable form below 155°; in ethylene dibromide a 
much larger yield of “ stable ” product is obtained (30%). Indic- 
ation of the formation of diterpene in this case is more indefinite. 
Butyl alcohol also causes a larger percentage of transformation 
than is the case with the methyl ester. The product thus obtained 
has a boiling point 8° above that of the stable form of the methyl 
ester and is not decomposed in nitrobenzene solution below 155°, 
i.e., fully 10° above the point at which decomposition of the stable 
methyl ester begins in that solvent. Nitrobenzene causes no 
transformation of the benzyl ester at any temperature examined, 
the only reaction being decomposition into menthene. After 
decomposition in ethylene dibromide solution no diterpene was 
indicated, but a small quantity of “stable” form (4—6%) was 
obtained. This was the only case of transformation of the benzyl 
xanthate, the residues from the reactions in the other solvents 
being identical with the original ester both in physical properties 
and in thermostability. On introduction of the nitrobenzyl group 
indications are found of a modification which is stable to the action 
of heat in ethylene dibromide solution, but its quantity is small and 
its thermostability not sufficiently great to enable it to be distilled 
in a vacuum. 

Another interesting feature of this work is the variation in the 
rotation of the menthene obtained from the various experiments, 
and in particular from the action of nitrobenzene on the benzyl 
ester. As the temperature of decomposition of solutions in this 
solvent is increased, so also is the rotation of the menthene produced. 
This exceptional behaviour was also found in the case of the methyl 
ester, but here the values obtained for the rotation of the menthene 
are very much above the corresponding figures for the benzy] ester, 
though the decompositions take similar times to be accomplished. 
The variation is not due to the formation of a mixture of A?- and 
A’-menthene, the colourless nitrosochloride of A?-menthene being 
the only one obtained, nor is it due to the racemisation of the pro- 
duct after formation. The values obtained from the various 
sources are summarised in Table IT. 


TaBse II. 
Rotation of menthene, — (i = 1). 
Method of decomp. Methyl ester. isoPropylester. Benzyl ester. 
Homogeneous state at 160° -+80-77° + 108-7° (170°) -+ 88-66° 
Distillation in a vacuum ... 113-64 112-15 103-00 
In nitrobenzene at 130° ... 84-30 — 49-95 


” ” at 160° eee 107-60 —_— 75-64 
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Thus the effect of the replacement of the methyl group in menthy] 
methyl xanthate by the isopropyl group is to increase the tendency 


‘e 


towards transformation into the ‘“ stable”’ form and to decrease 
the tendency towards decomposition, whereas the introduction 
of the benzyl group causes a decrease in the tendency towards 
transformation and instead causes an increase in the rate of decom- 
position in organic solvents, the rate under other conditions being 
practically the same as for the methyl ester. The introduction 
of the p-nitrobenzyl group still further decreases the tendency 
towards the formation of a “stable” modification and favours 
still further the decomposition reaction. The most striking effect 
of the introduction of the benzyl group is found in the rotation of 
the menthene formed during the various decompositions. The 
latter is much decreased, especially during decomposition in nitro- 
benzene solution. 


EXPERIMENTAL. 


Menthyl isoPropyl Xanthate.—This ester was prepared by 
Tschugaev’s method (Ber., 1899, 32, 3332) for menthyl methyl 
xanthate, slightly more than the theoretical quantity of isopropyl 
iodide being used. The residue after removal of the toluene in a 
good vacuum solidified after prolonged keeping at 0°, and then 
crystallised from alcohol or light petroleum in white needles, m. p. 
48°, [a}%° — 77-60° (c=5 in benzene solution) (Found: O, 
61-3; H, 9-5; 8, 22:2; M, eryoscopic in benzene, 270. C,,H,,OS, 
requires C, 61:3; H, 9-5; 8S, 23-4%; MM, 274). Yield, 50%. 

Hydrolysis. No hydrolysis took place with 40% aqueous potass- 
ium hydroxide even after prolonged boiling, but alcoholic potassium 
hydroxide caused complete hydrolysis to pure menthol in 18—20 
hours. Similar treatment with alcoholic baryta for the same time 
caused formation of menthol (isolated from the alcoholic mother- 
liquor) and barium mercaptide, and a white solid (precipitated 
during the reaction) which was physically identical with the original 
ester but distilled unchanged at 168°/11 mm. This is more fully 
characterised on p. 910. 

Decomposition. (a) In the homogeneous state. No decomposition 
took place below 160° when the ester was heated in tubes protected 
from atmospheric moisture. At 170° decomposition was complete 
in 6 hours, the only products being menthene, b. p. 167—169°, 
{a}, -++ 108-72° ({=1) (Found: C, 86-9; H, 13-1; M, cryo- 
scopic in benzene, 136-7. Cale.: C, 87-0; H, 13-0; M, 138), 
isopropyl mercaptan, and carbonyl sulphide. 

(b) Decomposition by distillation in a vacuum. Decomposition 
began at 165° (bath temperature), and distillation at 180—185°. 
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The distillate was separated into two fractions in a vacuum. The 
first after redistillation over sodium was proved by b. p., analysis, 
etc., to be menthene («}%;, + 112:15°; 1= 1). The higher fraction 
distilled unchanged at 168°/11 mm. and solidified immediately. 
Analysis, etc., proved this to be the “ stable” modification of the 
original ester, which is more fully characterised below. Yield, 
12% of the original ester. 

(c) Decomposition in solvents. Nitrobenzene. Decomposition of 
a saturated solution of the ester in this solvent required 30 hours 
at 130°. The menthene and nitrobenzene were removed and the 
residue was distilled in a vacuum; it passed over unchanged at 
168—170°/11 mm. as a colourless liquid which solidified to white 
crystals. Yield, approximately 25% of the initial material. The 
product contained sulphur, had m. p. 47°, and gave [«]i, — 77°57° 
in benzene (c = 5). Determination of other physical properties 
(analysis, molecular weight, mixed m. p., specific rotation in various 
solvents, etc.) confirmed its identity with the original ester in all 
respects except thermostability. Decomposition of this form in 
nitrobenzene solution does not take place below 155° and is not 
rapid even at 170°. The original ester is, however, completely 
decomposed by heating at 160° in this solvent. 

Ethylene dibromide. Decomposition of a saturated solution of 
the ester in this solvent took 30 hours at 130°. Menthene was 
distilled off with the ethylene dibromide, and the residue, distilling 
unchanged at 168°/11 mm., was again proved to be the “ stable ”’ 
form of the original ester. Yield, 30%. 

Pyridine, toluene, and n-butyl alcohol. Decomposition was slow 
in pyridine and after 24 hours’ heating the solvent containing the 
menthene formed was removed: the residue, showing the usual 
constants, decomposed completely on distillation in a vacuum. | 
Xylene caused but little more decomposition and no transformation 
into the stable form. The residue after 20 hours’ heating in butyl- 
alcoholic solution was found to be completely transformed into 
the “ stable ’’ form. 

Menthyl Benzyl Xanthate.—This ester was prepared by the 
same method as the methyl ester, the theoretical quantity of 
benzyl chloride being used instead of methyl iodide. The residue 
solidified in the refrigerator on prolonged standing, and was 
recrystallised from ethyl alcohol or light petroleum; it melted 
at 46-5—47°, and in benzene solution gave [«]ij,, 43-50° (c = 5) 
(Found: C, 63-9; H, 8-1; 8S, 19:3; M, cryoscopic in benzene, 
317. C,gH,,OS, requires C, 67-1; H, 8-1; 8, 19-9%; M, 322). 
Yield, 40%. 

Hydrolysis. The ester was only slightly hydrolysed after pro- 
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longed boiling with 40% aqueous potassium hydroxide, but was 
completely hydrolysed by alcoholic potassium hydroxide in 6 hours. 
n Hydrolysis with alcoholic baryta was again partial, but the re- 


,, maining solid, isolated as before, was completely decomposed by 

. distillation in a vacuum. 

1, Decomposition. (a) In the homogeneous state. Heating in tubes 
protected from atmospheric moisture for 12 hours at 120° had only 

if a small effect, but heating for the same time at 160° caused complete 


decomposition ; the resultant menthene had a rotation of +- 87-26° 
(i = 1). 


e 

: (b) Distillation in a vacuum. Decomposition began at 160—165° 
“ (bath temperature). The resultant menthene, freed with difficulty 
» from sulphur compounds, had aj, + 103-00° (J=1). No trace 


70 of stable compound was found in this decomposition. 
(c) In solvents. Nitrobenzene. A saturated solution of the ester 
in nitrobenzene was heated at 125—130° for 25—30 hours. The 


ll menthene, isolated and purified in the usual way, showed «Jj; 
" + 49-95° (1 = 1). At 160° the time required for the decomposition 
t was reduced to 12 hours: the menthene obtained had « + 75-64° 


and 75-00° in two experiments. No “stable ’’ form was obtained 
at either temperature. 

if Ethylene dibromide. Decomposition in this solvent at its b. p. 
for 30 hours gave menthene as usual and in addition a small quantity 
(4—6%) of a “‘ stable’ form, on removal of the solvent, which 


: distilled without decomposition at 180°/12 mm. It decomposed 
in nitrobenzene solution above 140°, and otherwise appeared to be 

- identical with the original ester. No trace of dimenthene was 

i indicated. 

ll In pyridine, toluene and butyl alcohol. After solutions in these 

"i solvents had been heated for 25 hours, the residues were isolated 

. and examined in the usual way, their identity with the original 

\. unstable form of the ester being established. 

. Menthyl p-Nitrobenzyl Xanthate.—This ester was also prepared 
in the same manner as the two previous ones, p-nitrobenzyl bromide, 

» which reacted very readily with the sodium xanthate in cold ethereal 





f solution, being used. On recrystallisation from ethyl alcohol or light 
petroleum, it was obtained as yellowish-white needles, m. p. 60°, 


e 
[a] — 35:20° (ec = 5) in benzene solution (Found: C, 58-8; 

H, 6-9; S, 16-9; N, 3-8; M, cryoscopic in benzene, 364. C,.H,.O,NS 
d P 184425 V3NS2 
) requires C, 58-85; H, 6-8; 8, 17-4; N, 38%; M, 367). Yield, 


30%. 

Decomposition in ethylene dibromide solution. A _ saturated 
solution of this ester in ethylene dibromide was heated at 135° for 
25 hours and then examined in the usual way. A small quantity 
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of solid (5%) was left after removal of the solvent and menthene, 
m. p. 58°, [a], 35°17° (¢c = 5) in benzene solution, but this de- 
composed completely on distillation in a vacuum. No dimenthene 
was found. 
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120. Hydrolysis and Decomposition of Menthyl 
Dixanthide and of Bornyl Dixanthide. 


By Irene Mary MocAtprneg. 


Durine the investigation of the decomposition of menthyl methyl 
xanthate and of bornyl methyl xanthate (J., 1931, 1114) several 
distinct points of contrast were observed between these compounds 
and the corresponding sulphonates (Patterson and McAlpine, J., 
1927, 349; 1928, 2464), with regard both to the temperatures used 
for similar decompositions and to the nature and rotation of the 
products obtained. It therefore seemed of interest to examine 
the corresponding dixanthides and to compare the results obtained 
with those from the sulphonates and xanthates under similar con- 
ditions, more especially since Tschugaev (Ber., 1899, 32, 3332) 
gives no indication of the temperature at which they decompose 
in a vacuum. 

Menthyl dixanthide is hydrolysed by 40% aqueous potassium 
hydroxide and by alcoholic potassium hydroxide and baryta, but 
bornyl dixanthide only by the alcoholic reagents to pure terpene 
alcohol. They differ from the xanthates in that no “stable ” 
form is obtained with alcoholic baryta. 

The thermal decomposition of the dixanthides was studied under 
various conditions: (a) heating the dry ester alone, moisture being 
excluded, (b) by distillation in a vacuum, and (c) by heating solu- 
tions in various solvents. Under!al]l conditions the menthyl ester 
decomposes more readily than the bornyl ester, the difference in 
temperature for (a) and (b) being fully 30°. In all cases the pro- 
ducts are menthene and menthol, or bornylene and borneol, the 
former admixed with camphene, together with carbon disulphide, 
sulphur and carbonyl sulphide.. The decompositions may be 
represented as follows:— _ 
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de: coe ba: bag ste toe 


Camphene Bornylene 


The effect of solvents on the decomposition of the esters is shown 
in Table I, which gives the values of «{%, (1=1) for 10% 
solutions of the esters heated at the stated temperatures for given 
periods. 

With the exception of bornyl dixanthide in toluene, there is 
considerable decomposition of both esters in all the solvents at 
120°. The decomposition of the menthyl ester in 2 hours is ex- 
tensive in all the solvents and nearly complete in pyridine and 
nitrobenzene. There is also considerable decomposition in all the 
solvents at 100°, and even at 70° there is decomposition in pyridine 
and nitrobenzene solutions. At this temperature pyridine has 
the greater effect, but increase of temperature aids decomposition 
in nitrobenzene to a larger extent. Decomposition of the bornyl 
ester is considerably slower even at 120°, pyridine causing the 
greatest amount in 2 hours. Decomposition in this solvent com- 
mences below 80°, but practically ceases in all the other solvents 
below 100°. 

In all cases the products of decomposition are those shown in 
the equations with one possible exception. During the decom- 
position of both esters in ethylene dibromide solution substances 
were isolated which were identical with the original esters but were 
apparently stable to decomposition in that solvent but not stable 
to decomposition by distillation in a vacuum. No dimenthene or 
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TaBLe I. 
Menthy] Dixanthide. Bornyl Dixanthide. 
Time, Temperature. Temperature. 
hours. 120°. 100°. 80°. 70°. 120°. 100°. 80°. 70°. 
In n-butyl alcohol (c¢ = 4). 
0 —11-70° —11-68° —11-69° — —3-75° — —- 
2 4-53 10-84 11-28 — 3°64 — — _: 
2-40 8-73 10-83 — 3°53 — _ —_— 
In ethylene dibromide. 
0 —32°:74 —32-72 —32-72 — —§-14 —514° — -—- 
2 5°45 27-80 32-25 ~ 4-42 5-07 —- — 
4 2-40 23-25 32-02 — 3°76 5-01 — — 
In toluene. 
0 —25°51 —26-74 —26-74 — —4:50 —4-50 — — 
2 9-72 22-75 25-71 — 4°45 4°48 — —- 
4 5-40 19-55 25-69 — 4-40 4:47 — ~—- 
In nitrobenzene. 
0 —25:80 —26-03 —26-00 —26-02° —6-75 —6-75 —6:73° — 
2 + 0-40 13-43 24-04 25-29 5-09 6°47 6-66 — 
4 unread- 7°38 22-27 24-81 4-65 6-18 6-53 —- 
able 
In pyridine. 
0 —25:37 —25:37 —25-34 —25-34 —4-75 —4-82 —4-80 —4-79° 
4 - 14-36 23-45 — — 4:17 4°38 4-51 
1 — 9-56 21-88 23-04 — 3-69 3-95 4-38 
2 0-53 1-53 18-54 21-64 1-70 3-50 3-80 4-09 
4 unread- unread- 12-68 20-88 unread- unread- 3-42 3-75 
able able able able 


dibornylene was obtained. Nitrobenzene also caused carbonaceous 
decomposition. 

The menthol obtained during these decompositions had always 
the full optical rotation, but the value for the menthene varied 
with the conditions of its preparation (see Table II). The same 
relation applied to the borneol and bornylene, but the latter was 
not in general sufficiently purified to justify tabulation of the 
rotations of the various specimens. 

The xanthates greatly exceed the corresponding dixanthides in 
thermostability. Bornyl dixanthide, compared with menthyl 
dixanthide, shows an increased stability similar in degree to that 
existing between the xanthates : its stability under these conditions 
is approximately the same as that of menthyl methyl xanthate. 
The greatest difference between the two groups is shown in decom- 
position in solution. Menthyl dixanthide undergoes considerable 
decomposition in pyridine and nitrobenzene at 70° and in all the 
solvents at 100°, and decomposes more extensively at 120° in 
2 hours than does menthyl methyl xanthate in 6 hours in the most 
reactive solvent. The action of solvents on bornyl dixanthide, 
although less vigorous, is distinctly more productive of decomposi- 
tion in all cases than their action on bornyl methyl xanthate, the 
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decomposition of which is always very slow and is practically 
negligible in xylene, pyridine, and n-butyl alcohol. The most 
striking contrast between the two groups is found in the action of 
pyridine, which produces scarcely any decomposition of the xanth- 
ates but considerable decomposition of the dixanthides even at low 
temperatures. 

Comparing the figures obtained for the action of solvents on 
borny] dixanthide with those obtained for menthyl methyl xanthate, 
it is seen that, with the exception of pyridine, there is again 
approximate similarity of rate of decomposition at 120°. 

On the other hand, the dixanthides are somewhat more thermo- 
stable than the sulphonates. Even though similar temperatures 
are used for decomposition in the homogeneous state and in a 
vacuum of menthyl dixanthide and the corresponding naphthalene- 
sulphonates, the decompositions take longer to accomplish in the 
former case. With decomposition in solution, more similarity is 
apparent between the dixanthides and sulphonates than exists 
between the former and the xanthates, with regard to the tem- 
perature at which the action begins, the rate of decomposition in 
various solvents at a given temperature, and the effect of increase 
of temperature on decomposition in the same solvent. The action 
of pyridine still forms an exception, the decomposition of the 
sulphonates in this solvent being appreciable, but slow compared 
with that in nitrobenzene, alcohol, and ethylene dibromide. 

In their products of decomposition the dixanthides resemble the 
xanthates rather than the sulphonates, monoterpenes of fairly 
high rotation being the only products, whereas diterpenes are the 
principal products of the decomposition of the sulphonates, menthene 
and camphene resulting only on distillation in a vacuum, the former 
having a low rotation and the latter zero rotation. The dixanth- 
ides, however, differ from the xanthates in the absence of a definite 
compound corresponding to the “ stable” form of the latter. 

Comparison of the rotations of the menthenes obtained by the 
three methods from the different sources (Table II) shows that the 
menthene from the dixanthide usually has a lower rotation than 
that from the xanthate under the same conditions. 





TaBxeE II. 
G54, (/ = 1). 
Menthene from Menthene from 
Method of formation. menthy] xanthate. menthyl dixanthide. 
Direct. distillation ..........0sersccsessceses + 113-64° + 112-18° 
Decomposition by heating at 120° 90°63 80-00 
Decomposition in nitrobenzene at 120° 84-30 65°79 
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These results, combined with those found for menthyl ssopropy! 
xanthate and menthyl benzyl xanthate in the preceding paper, 
would seem to indicate that decrease in stability of the molecule 
tends to decrease the rotation of the menthene obtained on decom- 
position, but a satisfactory explanation of this phenomenon is not 
forthcoming. The results of the hydrolysis experiments prove 
that this is not due to racemisation during the formation of the 
esters, and other experiments prove that no racemisation takes 
place after formation of the menthene. 


EXPERIMENTAL. 


Menthyl Dixanthide.—Hydrolysis. Menthyl dixanthide does not 
distil or decompose in steam, but when boiled with 40% aqueous 
potassium hydroxide for 5—6 hours it gives pure menthol and no 
terpene. Alcoholic potassium hydroxide and baryta effect the 
same hydrolysis, the latter reagent also causing the separation of 
a “‘quasi-stable ”’ form, which does not hydrolyse even on pro- 
longed boiling but decomposes on distillation in a vacuum. 

Decomposition. (a) In the homogeneous state. The ester, in 
tubes closed from atmospheric moisture, was heated at various 
temperatures. Decomposition was slow below 100°, proceeded 
fairly rapidly at 100°, and was complete at 120° in 6 hours. The 
products were menthene, menthol, carbon disulphide, carbonyl 
sulphide, and sulphur. The menthene, after repeated distillation 
over sodium, boiled at 167° (Found: C, 86-9; H, 13-1; M, cryo- 
scopic in benzene, 136-9. Calc.: C, 87:0; H, 130%; M, 138), 
had «i, + 80-00° (1 = 1), and gave a colourless nitrosochloride, 
m. p. 117°. The menthol, purified by steam distillation and re- 
crystallisation from light petroleum, melted at 40° and had [a]tia 
-++- 52-30° (¢c = 5) in benzene. A small quantity of a sticky solid 
left after the steam distillation was extracted with benzene. The 
residue did not crystallise well for the determination of its con- 
stants, but on distillation in a vacuum it decomposed into the 
products already mentioned, and therefore appeared to be another 
modification of the original substance; it could not be further 
characterised. 

(b) Distillation in a vacuum. Decomposition began at 130° 
(bath temperature), but nothing distilled below 145—150°. The 
distillate was fractionated in a vacuum. The portion obtained 
below 80°/20 mm. was distilled several times over sodium: it then 
boiled at 167—168° and had aij, + 112-18° (1 = 1), a slightly 
lower value than that given by Tschugaev for menthene from this 
source. The upper fraction, after the usual purification, was found 
to be menthol of full rotation. 
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(c) In solvents. Nitrobenzene. A fairly concentrated solution 
was completely decomposed by 4—6 hours’ heating at 120°. The 
menthene was distilled off in a vacuum and found to have the usual 
constants and «a, + 65-79° (J = 1); in a second experiment, 
M54, = 65°43°. The nitrobenzene solution showed a negative 
rotation after removal of all the menthene, but the menthol could 
not be easily isolated. The yield of menthene was not theoretical, 
carbonaceous decomposition also taking place. 

Ethylene dibromide. A concentrated solution was decomposed 
in 8—10 hours at 130—135°. The menthene distilled over with 
the ethylene dibromide and was practically inseparable therefrom, 
the solution having «}j,, 8-75° (l= 1). Menthol was removed 
from the residue by steam distillation and showed full rotation. 
The remainder solidified to a sticky mass, crystallisable with ex- 
treme difficulty from alcohol; it then showed the same constants 
as the original ester, and was, like it, unstable to distillation in a 
vacuum. 

Butyl alcohol, xylene, and pyridine. The rotations of the products 
obtained by decomposition in these solvents were not examined. 

Bornyl Dixanthide.—Hydrolysis. Water and aqueous potassium 
hydroxide have scarcely any effect on this ester, but it is completely 
hydrolysed by alcoholic potassium hydroxide and by alcoholic 
baryta, barium sulphide being precipitated in this reaction and 
also a small quantity of a ‘‘ quasi-stable’’ form similar to that 
obtained from the menthy] ester. 

Decomposition. (a) In the homogeneous state. No decomposition 
took place below 120°. After 7 hours’ heating at this temperature 
there was a trace of decomposition: the rate was slightly more 
rapid at 135°. At 155—160° decomposition proceeded at a moderate 
rate and was complete in 18—20 hours. The product was dis- 
tilled under ordinary pressure to remove the terpene; the residue 
was then steam-distilled, pure borneol being isolated. On account 
of the expense of preparing the dixanthide in large quantities, 
decomposition was not carried out on a sufficiently large scale to 
enable the terpenic product of this and subsequent decompositions 
to be completely purified for identification by analysis, etc., but 
it appeared to consist mainly of bornylene and there were indica- 
tions of the presence of camphene as in the case of the corre- 
sponding work on borny! methyl xanthate. 

(b) Distillation in a vacuum. Decomposition began at 160—165° 
(bath temperature), bornylene and camphene distilling slowly : 
the rate was more rapid at 170—175°. The crude product after 
two distillations over sodium had m. p. 102°, and [«}{j, ++ 12-30° 
(c = 5) in benzene. The borneol remained in the reaction flask 
HH 
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and was purified by steam distillation and crystallisation from 
light petroleum; it had m. p. 205° and its full rotation in benzene 
solution. This method entails severe loss of the terpenic product 
owing to the extreme ease with which bornylene volatilises. 

(c) In solvents. Nitrobenzene. Decomposition of a concentrated 
solution at 130° was complete in 6—8 hours, the terpenic product 
being again bornylene mixed with a large proportion of camphene. 
The borneol was not isolated. 

Ethylene dibromide. Decomposition at 130° required 12—l4 
hours’ heating. Removal of the ethylene dibromide and mono- 
terpene as one fraction and then of the borneol by steam distillation 
left a sticky solid, which crystallised with difficulty from ethyl 
alcohol and proved to be identical in physical constants with the 
original ester (m. p., mixed m. p., analysis, molecular weight, etc.), 
and though stable to decomposition in this solvent was completely 
unstable to distillation in a vacuum. 

Toluene, pyridine, and n-butyl alcohol. Decomposition was 
complete in pyridine solution in 6 hours at 120°, but the products 
were not examined. In both toluene and butyl alcohol the solutions 
were heated for 9 hours and the solvents removed: the residues 
on crystallisation showed the same constants as the original sub- 
stances and were completely decomposed by distillation in a vacuum. 


The author desires to thank Professor T. 8. Patterson for the 
use of his polarimetric equipment and for his general interest in 
the work. 
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421. Synthetical Experiments in the Chromone Group. 
Part V. Chromones derived from 2-Phenylacetyl-1- 
naphthol and 2-8-Phenylpropionyl-1-naphthol. 

By Usacar Snoven Cuzema and KrisHnasaMI VENKATARAMAN. 


THE action of acid anhydrides on 2-acetyl-l-naphthol (Bhullar and 
Venkataraman, J., 1931, 1165) and on 1-acetyl-2-naphthol (Menon 
and Venkataraman, ibid., p. 2591) has already been reported. The 
investigation has now been extended to w-substituted 2-acetyl-i- 
naphthols. 2-Phenylacetyl-1-naphthol (I; RK = Ph) and 2-8-phenyl- 
propionyl-1-naphthol (I; R = CH,Ph) have each been treated with 
acetic anhydride and with benzoic anhydride under the usual 
conditions for chromone synthesis; the normal y-pyrones, 3-phenyl- 
2-methyl-1 : 4-«-naphthapyrone (Il; R= Me, R’ = Ph), 2: 3-di- 
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phenyl-1 : 4-a-naphthapyrone (II; R = R’ = Ph), 3-benzyl-2-methyl- 
1 ; 4-a-naphthapyrone (II; R = Me, R’ = CH,Ph), and 3-benzyl- 
a-naphthaflavone (II; R = Ph, R’ = CH,Ph), have been produced. 
The reactions proceeded smoothly, the products requiring scarcely 
any purification. It would thus appear that the Allan—Robinson 
condensation is more applicable to w-substituted ketones, such as 
w-methoxyphloracetophenone and the ketones concerned in the 
present work, than to methyl ketones, such as resacetophenone, 
phloracetophenone, and gallacetophenone. 


EXPERIMENTS IN THE CHROMONE GROUP. PART V. 
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2-Phenylacetyl-1-naphthol is a new substance, prepared by the 
Nencki reaction. Witt and Braun (Ber., 1914, 47, 3216) noticed 
that the preparation of 2-acetyl-l-naphthol by the Nencki reaction 
is greatly facilitated by the addition of acetic anhydride. We 
have found this to be very generally applicable and have thus been 
able to obtain greatly improved yields of resacetophenone and 
gallacetophenone; in the preparation of (I; R = Ph or CH,Ph) 
also, the use of the appropriate acid anhydride led to higher 
yields. We have made 2-8-phenylpropionyl-l-naphthol by heating 
a-naphthol with 8-phenylpropionic acid and. zinc chloride; it has 
previously been prepared by catalytic reduction of 2-cinnamoy]l-1- 
naphthol (Pfeiffer, Kalckbrenner, Kunze, and Levin, J. pr. Chem., 
1928, 119, 109). 

In the Nencki reaction with «-naphthol, differences were dis- 
closed according to the nature of the acid constituent. Of the four 
acids used, 8-phenylpropionic acid gave the best results, a good 
yield of a readily crystallisable material being obtained even in the 
absence of anhydride; phenylacetic acid was second in order; the 
ketone obtained from acetic acid in the absence of anhydride was 
dark-coloured and required tedious purification and the yield was 
unsatisfactory ; benzoic acid gave extremely poor yields of 2-benzoyl- 
l-naphthol and addition of anhydride proved no advantage. 

2-Phenylacetyl-l-naphthol did not react with ethyl formate and 
sodium, but 2-8-phenylpropionyl-l-naphthol gave two products, 
(A), m. p. 172°, and (B), m. p. 149°. (B) proved to be 3-benzyl- 
1 ; 4-«-naphthapyrone (IL; R = H, R’ = CH,Ph). When (A) was 
heated with alcoholic sulphuric acid or acetic anhydride, (B) was 
obtained. (A), however, could not be the oxymethylene derivative 
of the phenylpropionylnaphthol, as it had no ferric chloride reaction ; 
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on the basis of its properties it may be formulated as 2-hydroxy- 
3-benzyl-2 : 3-dihydro-1 : 4-«-naphthapyrone (III). 

The structures3-phenyl-2-methyl-1 : 4-«-naphthapyrone, 3-benzy]l- 
2-methyl-1 :4-«-naphthapyrone, and 3-benzyl-«-naphthaflavone 
were assigned by Jacobson and Ghosh (J., 1915, 107, 1055, 432, 964) 
to substances obtained by condensing «-naphthol with ethyl] «-phenyl- 
acetoacetate, ethyl «-benzylacetoacetate, and ethyl «-benzoyl-8- 
phenylpropionate respectively. Baker and Robinson (J., 1925, 127, 
1981) and Baker (ibid., p. 2349) having conclusively demonstrated 
that all such condensations lead to «-pyrones, there is little doubt 
that the three products of Jacobson and Ghosh are really the 
isomeric 1: 2-naphthapyrones. The m. p.’s of two of them are 
quite different from those of the true chromones prepared by us. 
The third substance, 3-phenyl-4-methyl-1 : 2-«-naphthapyrone (IV ; 
RK = Ph, R’ = Me), m. p. 215—216°, has been made by Bargellini 
(Atti R. Accad. Lincei, 1925, 2, 261) by heating 2-acetyl-1-naphthol 
with sodium phenylacetate and acetic anhydride; the isomeric 
y-pyrone prepared by us melted at 204°; Jacobson and Ghosh’s 
compound had m. p. 209°. We repeated their experiment and 
found the product difficult to purify. Under the conditions of the 
Hoesch reaction, however, «-naphthol and «-acetylphenylaceto- 
nitrile gave a substance, m. p. 212°, identical with Bargellini’s product. 


JH-OH CO 
AN, 
6 out ‘CH,Ph 9 OR 
CR’ 


(11I.) 


2-Acetyl-1-naphthol and 2-benzoyl-1-naphthol, heated with acetic 
anhydride and sodium {-phenylpropionate as in the Bargellini 
reaction (loc. cit.), gave respectively 3-acetyl-2-methyl-1 : 4-a- 
naphthapyrone (Bhullar and Venkataraman, /oc. cit.) and the acety! 
derivative of 2-benzoyl-l-naphthol; the latter was also the only 
product of the action of acetic anhydride and sodium acetate on 
2-benzoyl-1-naphthol under the conditions of the Bargellini reaction. 
When, however, sodium phenylacetate was used, coumarin form- 
ation took place normally, 3-phenyl-4-methyl-1 : 2-«-naphthapyrone 
being formed from 2-acetyl-l-naphthol (Bargellini, loc. cit.) and 
3: 4-diphenyl-1 : 2-«-naphthapyrone (IV; R = R’ = Ph) from 2- 
benzoyl-1-naphthol. 


EXPERIMENTAL. 


2-Phenylacetyl-1-naphthol (I; R = Ph).—A solution of anhydrous 
zine chloride (10 g.) in phenylacetic acid (24 g.) was heated together 
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with phenylacetic anhydride (38 g.) and «-naphthol (20 g.) for 1 
hour (oil-bath at 150°) and the mixture was then cooled and poured 
into water. The semi-solid precipitate was collected, washed with 
sodium carbonate solution and with water, and crystallised twice 
from alcohol, giving very pale yellow, irregular plates (17 g.), m. p. 
96° (Found: C, 82-4; H, 5-8. C,.H,,0, requires C, 82-4; H, 
5-4%). In the absence of the acid anhydride, the yield of ketone 
was only 1l g. The ketone gives a bright chlorophyll-green color- 
ation with alcoholic ferric chloride. 

The acetyl derivative, prepared by heating the ketone with acetic 
anhydride (2 parts) and a drop of pyridine, formed colourless 
needles, m. p. 109°, from alcohol (Found: C, 78-6; H, 5-3. 
Cop9H,,03 requires C, 78-9; H, 53%). The benzoyl derivative 
crystallised from alcohol in prismatic needles, m. p. 161° (Found : 
C, 81-7; H, 5-0. C,;H,,0, requires C, 82-0; H, 4:9%). The 
2 : 4-dinitrophenylhydrazone crystallised from alcohol—chloroform in 
bright orange needles, m. p. 252° (Found: N, 12-4. C,,H,,0;N, 
requires N, 12-7%). 

2-8-Phenylpropionyl-1-naphthol (1; R = CH,Ph).—The prepar- 
ation was carried out as in the previous case with zine chloride 
(11 g.), 8-phenylpropionic acid (30 g.), 8-phenylpropionic anhydride 
(Robinson and Shinoda, J., 1925, 127, 1976) (49 g.), and «-naphthol 
(23 g.). The ketone (25 g.) crystallised from alcohol (in which it is 
almost insoluble in the cold) in bright yellow leaflets, m. p. 99° 
(Found: C, 82-4; H, 5-7. C,9H,,0, requires C, 82-6; H, 5-8%). 
In the absence of the anhydride the yield was 19 g. The ketone 
gives a dark green coloration with alcoholic ferric chloride. 

The acetate, m. p. 91° (Found: C, 79-1; H, 5-9. C,,H,,0, 
requires C, 79-2; H, 5-7%), and the benzoate, m. p. 88° (Found : 
C, 81:8; H, 5-4. CygH, 90, requires C, 82-1; H, 5-3%), crystallised 
from alcohol in colourless needles, and the 2 : 4-dinitrophenyl- 
hydrazone from alcohol-chloroform in deep orange needles, m. p. 
223—224° (Found: N, 12-1. C,;H O;N, requires N, 12:3%). 

3-Benzyl-1 : 4-«-naphthapyrone (Il; R =H, R’ = CH,Ph).—To 
an ice-cooled mixture of finely divided sodium (1 g.) and 2-8-phenyl- 
propionyl-l-naphthol (5 g.) in dry ether (20 c.c.), ethyl formate 
(15 g.) was added in small portions with vigorous shaking, and 
after 12 hours the brown semi-solid mass was shaken with ether 
and ice-water. The aqueous layer was filtered, an insoluble sub- 
stance (A) and the filtrate being examined separately. (A), after 
being washed with acetic acid and with water, crystallised from 
alcohol in colourless needles (2-7 g.), m. p. 172° (Found: C, 79-2, 
78-8; H, 5-4, 5-4. Cale. for Cy»oH,,0,: C, 83-9; H, 49%. Cale. 
for CyoH,,0,: C, 78-9; H, 53%). The pale yellow solution of 
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the substance in concentrated sulphuric acid has a bright blue 
fluorescence. The alcoholic solution gives no coloration with ferric 
chloride. The colourless solution in boiling glacial acetic acid is 
unaffected by the addition of a drop of sulphuric acid. When the 
substance was heated with acetic anhydride and poured into water, 
the product obtained, after one crystallisation from alcohol, melted 
at 149°; the same product (B) was obtained by treatment of (A) 
with boiling 20% alcoholic sulphuric acid and precipitation with 
water. The substance (A) is insoluble in aqueous caustic soda, but 
develops a yellow coloration after a long time. Fusion with 50% 
caustic potash led to a practically quantitative yield of 2-8-pheny]l- 
propionyl-l-naphthol. The only structure consistent with these 
observations appears to be that of 2-hydroxy-3-benzyl-2 : 3-dihydro- 
1 : 4-a-naphthapyrone (IIT). 

The aqueous filtrate after removal of (A) was acidified and the 
precipitate (0-5 g.) was boiled with absolute alcohol (10 c.c.) and 
concentrated sulphuric acid (1 c.c.) during 2 hours and poured into 
water. The product crystallised from alcohol in colourless stout 
needles, m. p. 149°, identical with (B). 

The reaction was repeated under the following conditions. 
Sodium dust (0-6 g.) was added to a solution of 2-8-phenylpropiony]- 
l-naphthol (3 g.) in ethyl formate (12 ¢.c.). After the reaction had 
moderated, the mixture was heated on the water-bath for 15 minutes 
and cooled, and absolute alcohol (14 c.c.) added. When all the 
sodium had dissolved, concentrated hydrochloric acid (28 c.c.) was 
introduced, and the whole heated on the water-bath for 3 hours 
and poured into water. The precipitate was collected, dissolved in 
warm alcohol, and poured into 1% aqueous caustic soda. The 
separated solid was washed and crystallised from alcohol. The 
substance, m. p. 149°, was identical with (B), which must, therefore, 
be 3-benzyl-1 : 4-«-naphthapyrone (Found : C, 83-6; H, 5-0. Cy9H,,0, 
requires ©, 83-9; H, 49%). The almost colourless solution in 
sulphuric acid has a bright bluish-green fluorescence. The colour- 
less solution in boiling glacial acetic acid develops a blue fluorescence, 
but no coloration on the addition of a drop of sulphuric acid. The 
solution in absolute alcohol turns greenish-yellow on the addition 
of sodium amalgam. 

3-Phenyl-2-methyl-1 : 4-«-naphthapyrone (II; R = Me, R’ =Ph). 
—2-Phenylacetyl-1-naphthol (5 g.) and fused sodium acetate (7 g.) 
were refluxed with acetic anhydride (54 g.) for 8 hours (oil-bath at 
160—165°). After cooling, the excess of acetic anhydride was 
hydrolysed by means of hot 5% aqueous caustic potash (500 c.c.). 
The undissolved residue crystallised from alcohol in colourless 
needles, m. p. 203—204° (Found: C, 84:2; H, 5-2. C,H,,0, 
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requires ©, 83-9; H, 4:9%). The colourless solution in sulphuric 
acid exhibits a blue fluorescence. 

2:3-Diphenyl-1 : 4-«-naphthapyrone (IL; R = R’ = Ph),—An 
intimate mixture of 2-phenylacetyl-l-naphthol (5 g.), benzoic an- 
hydride (40 g.), and sodium benzoate (10 g.) was heated at 180—185° 
for 6 hours. The cooled and powdered product was taken up in 
boiling alcohol (165 c.c.), and a solution of caustic potash (21 g.) in 
water (40 c.c.) added. After 30 minutes’ heating, the solution was 
cooled and poured into a large volume of water. The precipitate 
obtained crystallised from alcohol in cream-coloured needles (2-5 g.), 
m. p. 206—207° (Found: C, 86-3; H, 4-8. OC,,H,,O, requires C, 
86:2; H, 46%). The yellow solution of the substance in sulphuric 
acid has a green fluorescence. 

3-Benzyl-2-methyl-1 :4-«-naphthapyrone (Il; R=Me, R’ = 
CH,Ph)—A mixture of 2-8-phenylpropionyl-l-naphthol (2-8 g.), 
acetic anhydride (30 g.), and fused sodium acetate (6 g.) was heated 
at 160—170° for 8 hours. Hydrolysis of the excess of acetic 
anhydride was effected by means of 10% alcoholic caustic potash 
(350 c.c.). The major portion of the alcohol was removed under 
reduced pressure, and the residue poured into much water. The 
precipitate crystallised from alcohol in large colourless prisms and 
curved needles (1-2 g.), m. p. 139° (Jacobson and Ghosh, 187°). 
The colourless solution in sulphuric acid shows a bright blue 
fluorescence (Found: C, 84:1; H, 5-6. Cale. for C,,H,,0,: C, 
84-0; H, 5-3%). ' 

3-Benzyl-a-naphthaflavone (Il; R = Ph, R’ = CH,Ph).—The syn- 
thesis was carried out, with 2-6-phenylpropionyl-l-naphthol (3 g.), 
benzoic anhydride (24 g.), and sodium benzoate (6 g.), as in the 
preceding experiment. The product crystallised from glacial acetic 
acid in very pale cream-coloured, stout, prismatic needles (1-7 g.), 
m. p. 187° (Jacobson and Ghosh, 72°) (Found: C, 85:9; H, 5-0. 
Cale. for C,,H,,0,: C, 86-2; H, 50%). The pale yellow solution 
in sulphuric acid has a bluish-green fluorescence. The colourless 
solution in boiling glacial acetic acid turns bright yellow on the 
addition of a drop of sulphuric acid. 

3-Phenyl-2-styryl-1 : 4-a-naphthapyrone (IL; R = CH:CHPh, R’= 
Ph).—A mixture of 2-phenylacetyl-l-naphthol (3 g.), cinnamic 
anhydride (35 g.), and sodium cinnamate (8 g.) was heated at 
180—185° for 8 hours. The precipitate obtained after the usual 
treatment crystallised from glacial acetic acid in very pale cream- 
coloured, silky needles (2:7 g.), m. p. 262—263° (Found : C, 86-4; 
H, 4:8. (C,,H,,0, requires C, 86-6; H, 48%). The reactions of 
the substance are described in the following paper. 
3-Benzyl-2-styryl-1 : 4-«-naphthapyrone (Il; R = CH:CHPh, R’ = 
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CH,Ph).—The product similarly obtained from 2-6-phenylpropionyl- 
1-naphthol (3 g.), cinnamic anhydride (35 g.), and sodium cinnamate 
(10 g.) crystallised from glacial acetic acid in colourless needles 
(2-8 g.), m. p. 223° (Found : C, 86-3; H, 5-3. C,H, 90, requires C, 
86-6; H, 5-1%). 

3-Phenyl-4-methyl-1 : 2-«-naphthapyrone (IV; R = Ph, R’ = Me). 
—aA rapid stream of dry hydrogen chloride was passed into an ice- 
cooled mixture of «-naphthol (6-2 g.), «-acetylphenylacetonitrile 
(6-9 g.), fused powdered zine chloride (2 g.), and dry ether (50 c.c.) 
during several hours. After being kept for 3 days in the ice-chest, 
the ether was decanted from the reddish-brown semi-solid mass, 
and this was washed with dry ether and boiled with water (400 c.c.) 
for 2 hours. The solid, collected after cooling, crystallised from 
glacial acetic acid in colourless needles (0-6 g.), m. p. 212° (Found : 
C, 83-6; H, 4:9. Cale. for Cy9H,,0,: C, 83-9; H, 49%). The 
melting point was much depressed by admixture with 3-pheny]- 
2-methyl-1 : 4-«-naphthapyrone. The pale yellow solution in sul- 
phuric acid has a bright greenish-blue fluorescence. 

An identical substance, m. p. 212° (Found: C, 83-5; H, 4:9%), 
was prepared by Bargellini’s method (loc. cit.). 

3-Acetyl-2-methyl-1 : 4-«-naphthapyrone.—2-Acetyl-l-naphthol (5 
g.), sodium $-phenylpropionate (4-7 g.), and acetic anhydride (48 g.) 
were heated together under reflux for 30 hours on a sand-bath and 
the mixture was poured into much water; after 12 hours, the 
precipitate was collected and crystallised from glacial acetic acid. 
Recrystallisation from alcohol gave long colourless needles, m. p. 
147°, identified as 3-acetyl-2-methyl-1 : 4-«-naphthapyrone (Bhullar 
and Venkataraman, loc. cit., m. p. 145°) (Found: C, 76-0; H, 4-7. 
Cale. for C,,H,,0, : C, 76-2; H, 48%). 

The Action of Acetic Anhydride on 2-Benzoyl-1-naphthol_—Bargel- 
lini’s coumarin synthesis was carried out with 2-benzoyl-1l-naphthol 
(Edminson and Hilditch, J., 1910, 97, 226) (1-5 g.), sodium acetate 
(0-7 g.), and acetic anhydride (12 g.), and the product isolated in 
the usual way. Two crystallisations from aqueous acetic acid gave 
very pale yellow, stout, rectangular needles (0-7 g.), m. p. 118° 
(Found: C, 78-3, 78-4; H, 5-1, 4-9. Cale. for C,g.H,,0,: C, 78-6; 
H, 48%). The substance gave 2-benzoyl-1-naphthol on hydrolysis 
with hydrochloric acid and was identified as the acetate of the 
ketone. 

3 : 4-Diphenyl-1 : 2-«-naphthapyrone (IV; R = R’ = Ph).—As in 
the two preceding reactions, 2-benzoyl-l-naphthol (3-4 g.), sodium 
phenylacetate (2-5 g.), and acetic anhydride (29 g.) were heated 
together on a sand-bath for 30 hours and the mixture was poured 
into water: The product crystallised from glacial acetic acid in 
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pale yellow needles (1-5 g.), m. p. 237° (Found: C, 86-0; H, 4-7. 
C,5H,,0, requires C, 86-2; H, 46%). The yellow solution in 
sulphuric acid has a bright green fluorescence. 


ForMAN CHRISTIAN COLLEGE, [Received, September 28th, 1931.] 
LAHORE. 





122. Synthetical Experiments in the Chromone Group. 
Part VI. 2-Styrylchromones. 


By Usacar Sinen CurEMa, KuvusHHaL CHAND GuLatI, and 
KRISHNASAMI VENKATARAMAN. 


THE occurrence of 2-styrylchromone derivatives in nature is doubt- 
ful, since fukugetin (Perkins and Phipps, J., 1904, 85, 58), at one 
time suspected to be a compound of this class (Robinson and Shinoda, 
J., 1925, 127, 1973), has now been shown to be differently con- 
stituted (Shinoda, J. Pharm. Soc. Japan, 1926, 535, 736). Pratensol 
(Power and Salway, J., 1910, 97, 231) may, however, be such a 
derivative. 

Robinson and Shinoda (loc. cit.) synthesised 3-hydroxy-2-styryl- 
chromones by the action of cinnamic anhydrides and the correspond- 
ing sodium salts on w-methoxy-res- and -phlor-acetophenone. The 
synthesis of 2-styrylchromones unsubstituted in the 3-position has 
not been successful. The interaction of phloracetophenone, cin- 
namic anhydride and sodium cinnamate and alkaline hydrolysis 
of the product yielded a small amount of a substance which may 
be 5: 7-dicinnamoyloxy-2-styrylchromone. Similarly, by using p- 
methoxycinnamic anhydride, a substance, probably 5 : 7-di-p- 
methoxycinnamoyloxy-4'-methoxy-2-styrylchromone, was obtained. 
From resagetophenone and 2-acetyl-l-naphthol no crystalline 
product was isolated. w-Substituted ketones react normally 
(compare also Baker and Robinson, J., 1925, 127, 1981). Thus 


CR 
ANar’ 
HO R f £0 (II.) 
(I.) CMe , 
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the action of cinnamic anhydride or p-methoxycinnamic anhydride 

on respropiophenone, 2-propionyl-l-naphthol, 2-phenylacetyl-1- 

naphthol, and 2-$-phenylpropionyl-l-naphthol readily led to the 

corresponding 2-styrylchromones (I; R = CH:CHPh or 
CH:CH-C,H,°OMe) 

and 2-styryl-1 : 4-«-naphthapyrones (Il; R=CH:CHPh or 
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CH:CH-C,H,-OMe, R’ = Me, Ph, or CH,Ph). Other methods for 
the synthesis of styrylchromones unsubstituted in the 3-position 
were investigated. Ethyl cinnamate and sodium did not react 
with resacetophenone 4-methyl ether or with 2-acetyl-1-naphthol. 
The condensation of o-hydroxyacetophenone, gallacetophenone 
3 : 4-dimethyl ether, and 2-acetyl-l-naphthol with cinnamaldehyde 
in presence of alkali led to the corresponding cinnamylidene ketones 
(III, IV, and V, respectively; R = CH:CH-CH:CHPh), which 
could not be converted into the 2-styrylchromanones by treatment 
with boiling alcoholic sulphuric acid or prolonged contact with 
alkali. 


OMe OH 
OH MeO OH OR 
COR OR 
(IiT.) (IV.) (V.) 


3-Phenyl-2-methyl-1 : 4-«-naphthapyrone and 3-benzyl-2- 
methyl-1 : 4-« -naphthapyrone (see preceding paper) condense with 
benzaldehyde, o-methoxybenzaldehyde, anisaldehyde, and vera- 
traldehyde under the conditions described by Heilbron, Barnes, 
and Morton (J., 1923, 123, 2565); eight 2-styryl-1 ;4-« -naphtha- 
pyrones [I1; R= CH:CHPh,CH:CH‘C,H,OMe (0 or p), or 
CH:CH-C,H,(OMe),, R’ = Ph or CH,Ph] were thus prepared. 
Further styrylnaphthapyrones [II ; R=>CH:CHPh,CH:CH-C,H,OMe, 
or CH:CH-C,H,(OMe),, R’ = Me] were obtained by the interaction 
of benzaldehyde, anisaldehyde, and veratraldehyde respectively 
with 2 : 3-dimethyl-1 : 4-a-naphthapyrone (II; R = R’ = Me), itself 


MeO O 


0 
(VI.) mee. OVE (VIL) 
0 O 


prepared by heating 2-propionyl-l-naphthol with acetic anhydride 
and sodium acetate; the first two styrylnaphthapyrones were 
identical with the products of the action of cinnamic anhydride 
and p-methoxycinnamic anhydride respectively on 2-propiony]l- 
l-naphthol. These results are in agreement with the fact dis- 
covered by Chakravarti (J. Indian Chem. Soc., 1931, 8, 129; see 
also Canter, Curd, and Robertson, J., 1931, 1255) that 2-methyl- 
chromones substituted in the 7-position will condense with aromatic 
aldehydes (compare Heilbron, Barnes, and Morton, loc. cit.). 
Although the 2-methylchromones mentioned above are sub- 
stituted in the 3-position, we have found that this is not essential 
for the aldehyde condensation to take place. 2-Methyl-1 : 4-<- 
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naphthapyrone condenses with benzaldehyde, o-methoxybenzal- 
dehyde, anisaldehyde, and vertraldehyde, giving the styrylnaph- 
thapyrones [Il; R = CH:CHPh,CH:CH-C,H,-OMe (o or p),' or 
CH:CH-C,H,(OMe),, R’ =H], and 7: 8-dimethoxy-2-methyl- 
chromone with benzaldehyde and anisaldehyde, giving 7 : 8-di- 
methoxy-2-styrylchromone (VI; R = CH:CHPh) and 7:8: 4’-tri- 
methoxy-2-styrylchromone (VI; R = CH:CH’C,H,OMe). Finally, 
2-methylchromone was treated with benzaldehyde and yielded 
2-styrylchromone (VII; R = CH:CHPh), the parent member of the 
series; with anisaldehyde and veratraldehyde, 4’-methoxy-2- 
styrylchromone and 3’ : 4’-dimethoxy-2-styrylchromone [VII; R= 
CH:CH:’C,H,OMe and CH:CH-C,H,(OMe),] were obtained. 


EXPERIMENTAL 


5 : 7-Dicinnamoyloxy-2-styrylchromone.—Phloracetophenone (4 g.), 
cinnamic anhydride (45 g.), and sodium cinnamate (6 g.) were 
stirred at 180—185° for 8 hours. The powdered product was 
boiled with 50% alcohol (200 c.c.) for an hour, the solution poured 
into dilute aqueous sodium carbonate, and the undissolved portion 
(14 g.) crystallised from glacial acetic acid (200 c.c.). The crystals 
(1-2 g.) were twice crystallised from acetic acid and separated in 
yellow needles, m. p. 235° (Found: C, 77-5; H, 4:1. C,,H,,0, 
requires C, 77-8; H, 44%). The substance dissolves in sulphuric 
acid, giving a red solution with a very weak green fluorescence, 
and gives no crystalline material on hydrolysis. 

5 : T-Di-p-methoxycinnamoyloxy-4'-methoxy-2-styrylchromone  (*%) 
was similarly prepared from phloracetophenone (5-5 g.), p-methoxy- 
cinnamic anhydride (60 g.), and sodium p-methoxycinnamate 
(8 g.). The product was dissolved in alcohol (200 c.c.) and boiled 
for 30 minutes after caustic potash (30 g.) in water (20 c.c.) had 
been added. Most of the alcohol was removed under diminished 
pressure, and the residue diluted with water. The precipitate 
crystallised from glacial acetic acid in small yellow needles, m. p. 
240—241° (sintering at 230°) (Found: C, 71:1; H, 4-9. C,,H,,0, 
requires C, 71-2; H, 47%). The solution in sulphuric acid is 
red. 

7-Hydroxy-2-styryl-3-methylchromone (I; R= CH‘CHPh).— 
Resprepiophenone (3-7 g.), cinnamic anhydride (19 g.), and potas- 
sium cinnamate (8-3 g.) were heated together at 185—190° for 
6 hours, the powdered yellow mass refluxed with 10% alcoholic 
caustic potash (120 c.c.), the solution poured into water (2 litres), 
and the filtered liquid (which had a brilliant green fluorescence) 
saturated with carbon dioxide. The granular precipitate crystal- 
lised from glacial acetic acid in cream-coloured, stout, rectangular 
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needles (2-1 g.), m. p. 307° (Found: C, 77-4; H, 5:1. C,gH,,0, 
requires C, 77-7; H, 5-0%). 

The acetyl derivative formed very long, colourless needles, m. p. 
159° (after shrinking at 152°), from alcohol (Found: C, 74-6; H, 
51. Cy 9H,,0, requires C, 75-0; H, 5-0%). 

7 - Hydroxy - 4' - methoxy - 2 - styryl-3-methylchromone (1; R= 
CH:CH-C,H,OMe), similarly prepared from respropiophenone 
(2-5 g.), p-methoxycinnamic anhydride (15 g.), and sodium p- 
methoxycinnamate (5 g.), crystallised from alcohol-acetic acid 
in bright yellow needles (1-6 g.), m. p. 271—272° (Found: C, 74-0; 
H, 5-4. CO, 9H,,0, requires C, 74:0; H, 5-2%). 

The acetyl derivative formed very pale yellow, silky needles, 
m. p. 181°, from alcohol (Found: C, 71:7; H, 53. C,,H,,0; 
requires C, 72-0; H, 5-1%). 

The two preceding chromones are practically devoid of dyeing 
properties, give no coloration with alcoholic ferric chloride, and 
form yellow or orange-yellow solutions with a bright green fluores- 
cence in sulphuric acid. 

2 - Styryl - 3 - methyl -1:4-«-naphthapyrone (Il; R = CH:CHPh, 
R’ = Me), prepared from 2-propionyl-l-naphthol (3 g.), cinnamic 
anhydride (12 g.), and sodium cinnamate (5 g.), crystallised from 
alcohol in long, pale cream-coloured needles (1-9 g.), m. p. 166° 
(Found: C, 84-6; H, 5-0. C,.H,,0, requires C, 84-6; H, 5-1%). 
4’ . Methoxy - 2 - styryl -3 - methyl -1:4-«-naphthapyrone (Il; R = 
CH:CH-C,H,°OMe, R = Me), prepared from 2-propionyl-1-naphthol 
(3 g.), p-methoxycinnamic anhydride (13-5 g.), and sodium p- 
methoxycinnamate (4-5 g.), crystallised from acetic acid-alcohol 
in pale greenish-yellow needles (2-3 g.), m. p. 169° (Found: C, 
80°8; H, 5-3. C,,;H,,0, requires C, 80-7; H,5-2%). Their orange- 
yellow and bright orange solutions in sulphuric acid have a green 
fluorescence. 

2-Cinnamylideneacetyl-1-naphthol (V; R = CH:CH-CH:CHPh.— 
A mixture of 2-acetyl-l-naphthol (3 g.), alcohol (10 c.c.), cinnam- 
aldehyde (2-8 g.), and 10% caustic soda solution (12°5 c.c.) was 
left over-night and poured into water. The washed precipitate 
crystallised from alcohol in brownish-orange prisms (1-3 g.), m. p. 154° 
(Found : C, 84:1; H, 5-1. C,,H,,0, requires C, 84-0; H, 53%). 

2-Hydroxycinnamylideneacetophenone (III ; R=CH:CH-CH:CHPh), 
was similarly prepared from o-hydroxyacetophenone (51 g.), 
alcohol (30 c.c.), cinnamaldehyde (5 g.), and 10% caustic soda 
solution (20 c.c.). Crystallised from acetic acid, and then from 
light petroleum containing a little ethyl acetate, it formed small 
turmeric-yellow prisms (1-2 g.), m. p. 166—157° (Found: C, 81-8; 
H, 5:7. C,,H,,0, requires C, 81-6; H, 5-6%). 
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2-Hydroxy-3 : 4-dimethoxycinnamylideneacetophenone (IV; R = 
CH:CH-CH:CHPh), obtained from gallacetophenone dimethyl 
ether (3-7 g.), alcohol (10 c.c.), cinnamaldehyde (2:5 g.), and 10% 
caustic soda solution (10 c.c.), and crystallised twice from acetic 
acid and from alcohol, formed deep yellow, silky needles (1-3 g.), 
m. p. 141—142° (Found: C, 73-4; H, 5:8. C,,H,,0, requires 
C, 73-5; H, 5-8%). 

These three ketones give red, bright orange, and orange solutions 
in sulphuric acid and brownish-orange, dark brown, and brownish- 
red colorations with alcoholic ferric chloride and dye mordanted 
wool in various shades of yellow or brown. 

3- Phenyl -2-styryl-1:4-«-naphthapyrone (II; R= CH:CHPh, 
R’ = Ph).—3-Phenyl-2-methyl-1 : 4-a-naphthapyrone (preceding 
paper) (1 g.), absolute alcohol (75 c.c.), alcoholic sodium ethoxide 
(from 0-1 g. of sodium), and benzaldehyde (0-4 g.) were shaken 
together and left for 12 hours, refluxed for 30 minutes, and again 
left over-night. The solid product, having been washed with cold 
alcohol, crystallised from alcohol in very pale cream-coloured, 
silky needles (0-5 g.), m. p. 262—263° (Found: C, 86-5; H, 4-9. 
Cy,H,,0, requires C, 86-6; H, 48%). The bright yellow solution 
in sulphuric acid has a green fluorescence. The substance readily 
decolorises alkaline permanganate. The colourless solution in 
boiling glacial acetic acid turns bright yellow on addition of a drop 
of sulphuric acid and develops a green fluorescence. An alcoholic 
solution is unaffected by magnesium and hydrochloric acid and by 
sodium amalgam. The substance (0-5 g. in 50 c.c. of carbon di- 
sulphide) and bromine (0-2 g. in 5 c.c.) gave, on evaporation of 
some of the carbon disulphide after a few hours, the dibromide, 
which crystallised from alcohol—benzene in colourless rhombohedral 
prisms (0-5 g.), m. p. 198° (Found: Br, 29-7. C,,H,,0,Br, requires 
Br, 30-0%). 

3-Phenyl-2-0-methoxystyryl-1:4-a-naphthapyrone (II; R= 
CH:CH-C,H,-OMe, R’ = Ph), prepared by the above reaction 
from 3-phenyl-2-methylnaphthapyrone (1-5 g.), sodium (0-2 g.), 
and o-methoxybenzaldehyde (0-8 g.), crystallised in bright yellow 
needles (0-7 g.), m. p. 231° (Found: C, 83-5; H, 4:9. C,,H,,0, 
requires C, 83-2; H, 49%). 

3-Phenyl-2-p-methoxystyryl-1 : 4-«-naphthapyrone, obtained when 
anisaldehyde was substituted for o-methoxybenzaldehyde in the 
reaction, crystallised in stout, deep yellow needles (0-8 g.), m. p. 
224225° (Found : C, 82:8; H, 4:9%). 

3- Phenyl -2-(3' : 4’ -dimethoxystyryl)-1 :4-«-naphthapyrone, ob- 
tained from 3-phenyl-2-methylnaphthapyrone (1-5 g.), sodium 
(0-2 g.), and veratraldehyde (1 g.), crystallised in deep yellow, stout, 
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rectangular needles (1 g.), m. p. 215—216° (Found: C, 79-8; H, 
5:1. CygHa,O0, requires C, 80-2; H, 5-0%). 

3-Benzyl-2-styryl-1 : 4-a-naphthapyrone (Il; R= CH:CHPh, 
R’ = CH,Ph), obtained from 3-benzyl-2-methyl-1 : 4-«-naphtha- 
pyrone (preceding paper) (0-6 g.), sodium (0-05 g.), and benzaldehyde 
(0-3 g.), crystallised in colourless needles (0-3 g.), m. p. 223° (Found : 
C, 86-4; H, 5-1. C,,H,,0, requires C, 86-6; H, 5-1%). The 
dibromide crystallised from alcohol—benzene in colourless leaflets, 
m. p. 167° (Found: Br, 29-3. C,,H,,0,Br, requires Br, 29:2%). 

3-Benzyl-2-0-methoxystyryl-1 : 4-a-naphthapyrone, obtained when 
o-methoxybenzaldehyde was substituted for benzaldehyde in the 
preceding reaction, crystallised in felted masses of long yellow 
needles (0-4 g.), m. p. 200° (Found: C, 83-1; H, 5-1. CygH..0, 
requires C, 83-3; H, 5:3%). 
 3-Benzyl-2-p-methoxystyryl-1 : 4-a-naphthapyrone, obtained from 
3-benzyl-2-methylnaphthapyrone (1-4 g.), sodium (0-1 g.), and 
anisaldehyde (0-7 g.), crystallised in long, bright yellow needles 
(0-8 g.), m. p. 216—217° (Found: C, 83-1; H, 5-1%). 

3-Benzyl-2-(3’ : 4’-dimethoxystyryl-1 : 4-a-naphthapyrone, obtained 
from 3-benzyl-2-methylnaphthapyrone (0-6 g.), sodium (0-05 g.), 
and veratraldehyde (0-4 g.), crystallised in long, yellow, rectangular 
needles (0:2 g.), m. p. 215° (Found: OC, 80:0; H, 5-3. C3 9H.,0, 
requires C, 80:4; H, 54%). 

The preceding seven naphthapyrones, and the last three of the 
following four, were crystallised from alcohol-acetic acid. The 
crystals were coloured orange or red by sulphuric acid and the 
yellow or orange solutions in this acid had a more or less intense 
green fluorescence. 

2 : 3-Dimethyl-1 : 4-«-naphthapyrone (II)—A mixture of 2- 
propionyl-l-naphthol (13 g.), fused sodium acetate (29 g.), and 
acetic anhydride (120 g.) was refluxed at 155—160° for 8 hours. 
The excess of anhydride was removed by distillation, the residue 
treated with boiling 10% alcoholic potash (400 c.c.) during 1 hour, 
the solution poured into water, and the long colourless needles which 
separated recrystallised from ligroin; yield 8 g., m. p. 142° (Found: 
C, 80-2; H, 5-4. C,,;H,.0, requires C, 80-4; H, 54%). The pale 
yellow solution in sulphuric acid has a brilliant deep blue fluorescence. 

2-Styryl-3-methyl-1 :4-a-naphthapyrone (Il; RK = CH:CHPh, 
R’ = Me).—2 : 3-Dimethylnaphthapyrone (1-5 g.) was condensed 
in the usual manner with benzaldehyde (0-8 g.) and sodium (0-2 g.) 
in absolute alcohol. The pale yellow product, after being washed 
with cold alcohol, crystallised in long, pale cream-coloured needles 
(0-7 g.), m. p. 166° (Found : O, 84:3; H, 5-2, Cale. for C,,.H,,0, : 
C, 84°6;' H, 5-1%). 
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2 - p- Methoxystyryl-3-methyl-1 : 4-«-naphthapyrone, obtained 
from dimethylnaphthapyrone (1-5 g.), sodium (0-2 g.), and anisalde- 
hyde (1 g.), crystallised in pale greenish-yellow, long, woolly needles 
(0-6 g.), m. p. 169° (Found: C, 80-4; H, 5-4. Calc. for C,,;H,,0, : 
©, 80-7; H, 5-2%). 

2.(3’ : 4’ - Dimethoxystyryl) - 3 - methyl-1 : 4 - «- naphthapyrone, ob- 
tained in the preceding reaction when veratraldehyde (1-2 g.) was 
substituted for anisaldehyde, crystallised in large, greenish-yellow, 
rectangular plates (0-5 g.}, m. p. 204° (Found: C, 77-0; H, 5-5. 
C.,4H,,0, requires C, 77-4; H, 5-4%). 

2-Methyl-1 : 4-a-naphthapyrone was prepared as described by 
Wittig, Baugert, and Richter (Annalen, 1925, 446, 155), but for 
the ring closure of 2-acetylaceto-1-naphthol it was found preferable 
to use 10% alcoholic sulphuric acid. 

2-Styryl-1 : 4-a-naphthapyrone (II; R = CH:CHPh, R’ = H).— 
2-Methylnaphthapyrone (1-7 g.) was dissolved in the minimum 
quantity of absolute alcohol, and benzaldehyde (1 g.) added, followed 
by sodium (0-2 g.) in absolute alcohol. The mixture was left over- 
night, and the crystalline product then twice recrystallised from 
alcohol, giving long, pale golden-yellow needles (0-7 g.), m. p. 177° 
(Found: C, 84-4; H, 4-7. C,,H,,0, requires C, 84:5; H, 4-7%). 
The bright yellow solution in sulphuric acid has a green fluorescence. 
The colourless solution in boiling glacial acetic acid assumes a bright 
yellow colour and a green fluorescence on addition of a drop of 
sulphuric acid. The colourless alcoholic solution is unaffected by 
sodium amalgam, but turns pale orange on treatment with magnesium 
and hydrochloric acid. 

2-0-Methoxystyryl-1 : 4-«-naphthapyrone, prepared from 2-methyl- 
naphthapyrone (1-4 g.), o-methoxybenzaldehyde (0-9 g.), and 
sodium (0-15 g.), crystallised from alcohol-acetic acid in long, 
silky, yellow needles (0-3 g.), m. p. 169° (Found: C, 80-3; H, 5-0. 
Cy5H,,0, requires C, 80-5; H, 4.9%). The crystals are coloured 
orange-red by sulphuric acid and the orange-yellow solution has a 
weak green fluorescence. 

2-p-Methoxystyryl-1 : 4-a-naphthapyrone was obtained from 2- 
methylnaphthapyrone (1 g.), anisaldehyde (0-7 g.), and sodium 
(0-1 g.). The pale green solution was poured into water; the 
precipitate produced crystallised from alcohol, containing a few 
drops of acetic acid, in long, brilliant golden-yellow needles (0-3 g.), 
m. p. 207° (Found: C, 80-1; H, 48%). The substance is coloured 
deep orange-red in contact with sulphuric acid; on addition of 
more acid the crystals dissolve, giving a bright orange-yellow 
solution with a green fluorescence. 

2-(3' : 4’-Dimethoxystyryl)-1 : 4-a-naphthapyrone was prepared 
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from 2-methylnaphthapyrone (1-4 g.), veratraldehyde (1-1 g.), and 
sodium (0-2 g.). The crude product was dark green, but after two 
crystallisations from alcohol-acetic acid (charcoal) dark yellow, 
irregular plates (0-2 g.), m. p. 211—212°, were obtained (Found : 
C, 77:2; H, 5-1. CygH,,0, requires C, 77-1; H, 50%). The 
substance is coloured blood-red by sulphuric acid and the pale 
brown solution exhibits a dark green fluorescence. 

7 : 8-Dimethoxy-2-methylchromone (compare Blumberg = and 
Kostanecki, Ber., 1903, 36, 2192)—To a solution of gallaceto- 
phenone dimethyl ether (8-5 g.) in warm ethyl acetate (15 g.), finely 
divided sodium (4 g.) was added. When the reaction had moderated, 
the mixture was heated on the water-bath for 4 hours, left over- 
night, and poured into ice-cold dilute acetic acid. The precipitate 
was collected, treated with boiling 20% alcoholic sulphuric acid 
(50 ¢.c.) during 2 hours, and poured into water. After concentration 
to small bulk and cooling, the chromone crystallised. Recrystallised 
from hot water, it formed colourless needles, m. p. 85—86°, and 
102° after drying at 115° (yield, 2-2 g.) (Blumberg and Kostanecki 
give m. p. 102°). 

7 : 8-Dimethoxy-2-styrylchromone (VI; R = CH:CHPh).—A mix- 
ture of 7 : 8-dimethoxy-2-methylchromone (1 g.) in the minimum 
quantity of absolute alcohol, benzaldehyde (0-5 g.), and alcoholic 
sodium ethoxide (0-16 g. of sodium) was left over-night ; the crystal- 
line precipitate, recrystallised from alcohol-acetic acid, gave pale 
yellow, woolly needles (0-4 g.), m. p. 171° (Found: C, 74:1; H, 5-3. 
Cy9H,,0, requires C, 74-0; H, 5-2%). 

7:8: 4'-Trimethoxy-2-styrylchromone, obtained by using anisalde- 
hyde (0-6 g.) instead of benzaldehyde, crystallised from alcohol, 
containing a few drops of acetic acid, in silky clusters of long, 
greenish-yellow needles (0-4 g.), m. p. 178° (Found: C, 71-2; H, 
5-4. C9H,,0, requires C, 71-0; H, 5-3%). Sulphuric acid imparts 
an orange colour to the crystals of these two chromones and gives 
bright yellow and orange-yellow solutions with a green fluorescence. 

2-Methylchromone (compare Wittig and others, loc. cit.).—This 
was prepared from o-hydroxyacetophenone (20 g.), ethyl acetate 
(52 g.), and sodium (14 g.) (compare the 7 : 8-dimethoxy-derivative) 
and isolated, after the ring closure, by extraction with benzene 
and precipitation from the extract, after concentration, by ligroin 
at 0°; yield 4-6 g., m. p. 68—69° (Wittig and others, 70—71°). 

2-Styrylchromone (VII; R = CH:CHPh).—The condensation was 
carried out with 2-methylchromone (1-5 g.), benzaldehyde (1 g.), 
and sodium (0-22 g.). After 12 hours the dark green alcoholic 
solution was poured into water, the precipitate collected and dis- 
solved in aqueous alcohol-acetic acid (charcoal), and after a few 
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hours the liquid filtered; on slow evaporation, long yellow needles 
(0-4 g.), m. p. 131°, separated (Found: C, 82-3; H, 4-6. C,,H,,0, 
requires C, 82-2; H, 4:8%). The substance is coloured intensely 
red by sulphuric acid and the pale brownish-yellow solution exhibits 
a distinct green fluorescence. The almost colourless solution in 
boiling glacial acetic acid becomes bright orange-yellow on addition 
of a drop of mineral acid. The almost colourless solution in alcohol 
turns pale orange on addition of magnesium and hydrochloric acid : 
with sodium amalgam, the colour first becomes pale orange and 
then rapidly bright orange-red. When dry hydrogen chloride is 
passed into a solution of the substance in chloroform, a bright 
orange-red coloration is obtained and deep orange-coloured crystals 
of the hydrochloride are soon deposited; on exposure to air, the 
colour is rapidly bleached. The substance is insoluble in water, 
moderately easily soluble in cold ethyl and methyl alcohol, and 
very readily in the boiling solvents; it is readily soluble in ethyl 
acetate, chloroform, benzene, and glacial acetic acid, and moderately 
readily in light petroleum. 

4’-Methoxy-2-styrylchromone, obtained from 2-methylchromone 
(1-4 g.), anisaldehyde (1-3 g.), and sodium (0-2 g.) and purified as 
in the previous case, formed bright yellow, long, silky needles 
(0-5 g.), m. p. 140° (Found: C, 77-6; H, 5-0. C©,,H,,0, requires 
C, 77:7; H, 50%). The crystals are coloured bright orange-red 
by sulphuric acid and the yellow solution has a vivid green 
fluorescence. 

3’ : 4'-Dimethoxy-2-styrylchromone was obtained from 2-methyl- 
chromone (1-5 g.), veratraldehyde (1-6 g.), and sodium (0-25 g.). 
The yellow crystalline solid which separated over-night was re- 
crystallised from alcohol, giving pale green, long, woolly needles 
(0-3 g.), m. p. 165° (Found: ©, 74:2; H, 5-2. C,gH,,0, requires 
C, 74-0; H, 5-2%). The substance is coloured bright orange by 
sulphuric acid and the yellow solution has a scarcely perceptible 
green fluorescence. 


FormMAN CHRISTIAN COLLEGE, 
LAHORE. [Received, September 28th, 1931.] 





123. The Oxidation of Methane and the Function of 
Surfaces in Gaseous Reactions. 
By Harotp Warris Toompson and C. F. Kearron. 


Examp.es of thermal chain reactions which exhibit ‘‘limit” phe- 
nomena are nowcommon. Briefly, such processes are characterised 
by sudden changes in reaction velocity with minute changes of 
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pressure. This feature, inexplicable in terms of the classical 
Arrhenius ideas of chemical change, can now be interpreted in 
terms of the general theory of chain reactions developed mainly 
by Semenov (Chem. Reviews, 1929, 6, 3) and by Hinshelwood 
(“ Kinetics of Chemical Change,” 2nd edtn., Chap. 6). 

A typical example of such a reaction in which “limits” are 
involved is the combination of hydrogen with oxygen (Thompson 
and Hinshelwood, Proc. Roy. Soc., 1929, A, 122,610). In the neigh- 
bourhood of 500° there exists a critical region of pressure, at lower 
pressures within which spontaneous inflammation of hydrogen- 
oxygen mixtures occurs. Below the lower of the two critical 
pressures bounding this region, the rate of reaction is very small; 
above the upper one, the rate is also very small but increases 
steadily with increasing pressure until at higher pressures explosion 
again occurs. 

The mechanisms by which the low- and the high-pressure ex- 
plosion arise appear to be very different. Whereas the latter is of 
the ordinary “thermal” type, the former is contrary to classical 
laws of the rate of chemical change. The concept of branching 
chains leads mathematically to a satisfactory understanding of it; 
but in order to visualise the phenomena completely, it would be 
essential to know how the chains start, how they are propagated, 
and how they finish. This involves a study of the relationships 
existing at the two limits. 

The investigation of the upper critical explosion limit was made 
fairly satisfactorily in the original experiments, and has since been 
repeated (Garstang and Hinshelwood, ibid., 1931, A, 130, 640; 
134, 1). An adequate method for the study of the lower limit was 
at first not available, but one has recently been discovered. 

Some years ago Stavenhagen and Schuchard (Z. angew. Chem., 
1920, 33, 286) noticed that hydrogen-oxygen mixtures ceased to 
explode with a spark if the pressure fell below a certain value. 
Alyea and Haber (Z. physikal. Chem., 1930, 10, B, 193) and also 
Kowalsky (ibid., 1931, 11, 56) have correlated this limit with the 
lower limit of Thompson and Hinshelwood (loc. cit.), though their 
arguments cannot be regarded as entirely conclusive. Assuming, 
however, that the two limiting pressures in the respective series of © 
experiments were the same in principle, an investigation has been 
made by the sparking method of the influence of various factors 
such as percentage composition of the mixture, width of vessel, 
and inert gases upon the pressure limit. The results will shortly 
be published. 

Meanwhile, it became of interest to discover whether other 
combustible mixtures also exhibited the property of ceasing to 
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explode at a certain limiting pressure. Experiments with methane- 
oxygen mixtures now show that here too there exists a critical 
pressure below which ignition with a spark will not occur, This 
limit varies in position with the percentage. composition of the 
mixture and other factors. This result appeared to weaken the 
argument that the pressure limit with a spark was the same as that 
noticed in the other experiments, since in measurements on the 
reaction velocity of the oxidation of methane no such low-pressure 
limit and explosion region had been observed. Fort and Hinshel- 
wood (Proc. Roy. Soc., 1930, A, 129, 284), working at relatively 
high pressures, found a normal measurable reaction typical of a 
straight-chain process. 

Neumann and Serbinoff (Nature, 1931, 128, 1040) have recently 
stated, however, that the behaviour of methane-oxygen mixtures 
is precisely similar to that shown by hydrogen and oxygen, there 
existing at low pressures a critical pressure region for spontaneous 
inflammation, whilst at higher pressures a measurable chain reaction 
is observed which ultimately passes into explosion at the highest 
pressures. 

Thus the discovery that there is a critical explosion pressure 
below which a spark fails to ignite methane-oxygen mixtures seems 
to fall into line completely, and the suggestion of Haber and 
Kowalsky, that this is to be identified with the limit observed in 
measurements on reaction velocity, is substantiated. The experi- 
ments now to be reported are of a preliminary nature, but are com- 
municated in view of Neumann and Serbinoff’s paper. Meanwhile 
they are being repeated and extended with great care for reasons 
which will become obvious in the following; it is hoped from the 
new data to make calculations which will lead to information about 
the nature of the chains involved. 


EXPERIMENTAL. 


The methane used was from a cylinder of natural gas. It contained 
some hydrogen. Preliminary experiments with this crude sample 
gave essentially the same results as those with a purified product, 
obtained by passing the crude gas over heated copper oxide and 
absorbing in caustic potash solution any carbon dioxide formed by 
oxidation of the methane. The gases were dried by phosphoric 
oxide. 

Oxygen, nitrogen, argon, and carbon dioxide were obtained from 
cylinders, and dried as before. Sulphur dioxide was from the liquid, 
and carbon tetrachloride from a distilled specimen. 

The mixtures of known composition were made in a large storage 
flask, The explosion vessel was a long cylindrical tube, at the upper 
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end of which was fitted a ground joint carrying the platinum 
electrodes. This joint was so constructed as to fit into tubes of 
different diameter, thus maintaining the same spark gap in each 
case. As yet only one tube has been employed. The spark was 
produced by an induction coil using 6 volts in the primary circuit. 
In these circumstances it was not entirely reproducible but, as the 
results showed, it was sufficiently so for the purpose involved, which 
was not so much to determine the absolute value of the pressure 
limit as the variation of this with different factors. The experi- 
ments of Finch and his collaborators (Proc. Roy. Soc., 1927 et seq.) 
would make it very probable that the absolute value of such a limit 
depends upon the intensity of the spark used. Explosion could be 
observed by the progress of the flame or by the movement of a 
mercury manometer. The limiting pressure for explosion could 
usually be determined to within 1 mm. 

Results —(1) Variation of the critical limit with percentage com- 
position. Table I gives three series of results showing how the 
total critical pressure (p in mm.) varies with the composition of the 
methane-oxygen mixture. These results are plotted in Fig. 1. 


TABLE I. 
P CH,, CH,, 

Series. %. p. Pouy Py: Series. %. Pp. PcHy- Ppo:- 

I 49-0 95 46-5 48-5 II 57-7 >270 >156 >14 
33-5 3 44 14:75 29-25 46-3 81 37°5 43-5 
22.4 32 7-2 24-8 31-8 40 12-7 27°3 
15-7 33 5-2 27-8 III 42-0 58 24-4 33-6 
122 38 4:6 33-4 29-6 38 11-5 26°5 
82 63 5-2 57°8 25-3 35 8-8 26-2 
10-1 46 4-7 41-3 


It is seen that above about 20% of methane, the critical pressure 
increases with increasing percentage of methane, but below this 
value the total critical pressure increases with decreasing methane 
content. This result is similar to that found earlier with hydrogen— 
oxygen mixtures, except that in the latter case the extreme end of 
the curve (for low hydrogen concentration) was not determined. 
The differences in detail which the two series of experiments show 
are to be explained in a way which will become obvious after the 
effect of inert gases has been described. 

(2) Effect of inert gases. The addition of the inert gases nitrogen, 
argon, sulphur dioxide, carbon dioxide, and of carbon tetrachloride 
vapour upon the limit has so far been examined. It is natural to 
suppose that if the inert gases are effective by virtue of some physical 
property, then methane and oxygen themselves will possess this 
property to a greater or less extent. For purposes of comparison, 
therefore, it will be expedient to employ, as far as is possible, such 
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a quantities of methane and oxygen as to give the same inert-gas 
f effect in each experiment, and if possible this should be a minimum. 
h The stoicheiometric ratio 1CH, : 20, was used in these experiments. 
8 Table II summarises the results, which are plotted in Fig. 2. The 
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TaB.zE II. 

Nz, %- Pe Pre Poy PN SO,,%- Pp. Pens Pos Psos- 
0 43 143 287 0 0 43 143 28-7 0 
8-0 44 135 27:0 3-5 15:1 38° 10-75 21-5 5°75 
15-6 455 123 256 71 28-7 40 95 190 11-5 
24-4 47 11-9 23:8 11-3 35-4 39 8-4 168 13-8 
32-3 49 110 22-2 158 45-5 48 8-7 17-5 21-8 
40-0 52 «(10-4 «20-8 «20-8 52-6 66 10-4 20-9 34-7 
49-6 61 10:2 205 30-3 57-5 94 133 26-7 54 
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Discussion. 


Fie. 2. 
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upper curves show how the total critical pressure varies with the 
proportion of inert gas, and the lower ones show the variation of 
the CH, + 20, partial pressure. This serves to show clearly how 
addition of an inert gas can facilitate ignition. 


The manner in which the critical pressure limit for ignition is 
affected by changes in temperature and in the diameter of the ex- 
plosion vessel has not yet been investigated. Data of this kind 
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will considerably assist in working out the mechanism of the pro- 
cesses involved; but apart from them one important result at 
least emerges from the above material. 

Semenov (Z. Physik, 1927, 46, 113) discovered and investigated 
the low-pressure explosion of phosphorus vapour where ignition 
occurs between two limiting pressures just as in the case of hydrogen 
and oxygen. In applying the general theory of branching chains, 
he derived the following relationship which was actually found to 
express the conditions at the lower critical limit (d being the diameter 
of the tube) : 
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he In the absence of inert gas, the product pp, X Po, varied approxi- 
of mately inversely as d?, and in the same tube in the presence of argon 
w the plot of 1/pp,po, against 1 + p,/(pp, + Po,) gave @ straight line. 
Semenov only employed argon as inert gas, and his equation does not 
provide for quantitative differences in behaviour with other inert 
diluents. 

Melville and Ludlam (Proc. Roy. Soc., 1931, A, 132, 108). have 
-. re-examined the problem from this point of view, using many 
d inert gases, with the result that plots of 1/pp,po, against 
1 + Pinert gus/(Pr, ++ Po,) Were straight lines of different slope. The re- 
markable fact was that the slopes of these lines became progressively 
greater as the complexity of the inert gas increased. The interpret- 
ation suggested was that diffusion of the active products to the vessel 
walls leads to deactivation and a breakage of the chains. Different 
inert gases, by virtue of their lower or higher diffusion coefficient 
with respect to the active centres, are able to a greater or less 
extent to prevent this diffusion. A complex large diluent molecule 
will greatly facilitate ignition by preventing diffusion of the active 
products to the vessel wall. On the other hand, helium will be 
searcely effective in this respect. For hydrogen and oxygen iden- 
tical relationships hold, and the explanation is probably the same. 

Here, too, then, in the case of methane-oxygen mixtures, assum- 
ing that the pressure limit with a spark is the same in principle 
as that in the experiments of Neumann and Serbinoff, we can derive 
an equation Pox,Po,[1 + Pinert gua/ (Pou, + Po,)]d* = K or,.by making 
the emendation of Melville and Ludlam, 

Pon,Po,ll + D-Pinert gx0/(Pou, + Po,)]d* = K. 

Table III. gives values of 1/pexn,%0,, represented by 2, and of 
1 ++ Pinert gas/(Pou, + Po,), represented as y, calculated from the above 
data; these values are plotted in Fig. 3. | 





































Tas_eE ITI. 
Nitrogen. Carbon dioxide. Argon. 
f 108z. y. 10°. y- 10%z. y. 
q 2-439 1-0 2-439 1-0 2-439 1-0 
2°747 1-09 2-710 1-07 2°825 1-2 
3-049 1-18 3-289 1-19 3-165 1-38 
3-534 1-32 3-831 1-37 4-098 1-66 
4-098 1-475 4-20 1-56 
4-630 1-67 rT : 
| 4-785 1-99 Sulphur dioxide. Carbon tetrachloride. 
2-439 1-0 2-439 1-0 
4-329 1-18 4-878 1-02 
5-556 1-40 5-78 1-04 
7-09 1-55 


It is clear that here again straight lines are obtained, the slopes 
of which are at any rate qualitatively in the order of the diffusion 
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coefficient for the respective inert-gas molecules. The straight- 
line relationships break down, however, at higher inert-gas con- 
centrations. This is to be expected, but it is not yet quite clear 
why the position at which the break begins to appear should be 
so different for the different cases. This no doubt depends upon 
more specific properties of the substances concerned. The inert- 
gas effect of methane and oxygen themselves will also probably 
Fic. 3. assist in making the line- 
- arity invalid. 
84. Further experiments will 
have to decide whether 
/ $0, thermal conductivity or 


some other similar property 
Cee, of the diluent substances is 
important in determining 
6+ the limit, but it seems more 
€O, | probable that the original 
igh idea here outlined is the 

f Nv, correct one. 


Conclusions.—The_ con- 
-]| clusions to be drawn from 
Al the above are, accordingly, 
first, that methane-oxygen 
mixtures behave like those 
of hydrogen and oxygen or 
of phosphorus and oxygen 
as regards the “ low-pres- 
sure” explosion; and 
24. secondly, that there is 
direct evidence that the 
chains (starting in the gas 
. in the spark experiments, 

1°0 15 20 at least) are broken at the 
1 + Pinert gas/(Pcu, + Po,)- vessel walls. 

It should be possible, if the relative slopes of the lines for different 
inert substances can be determined with sufficient accuracy, to 
estimate the mass of the respective active centres diffusing through 
the body of the gas. This may help to decide whether peroxide 
substances of the type CH,:O, play any part in the chain. 
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Summary. 


Methane-oxygen mixtures cease to explode with a spark if the 
pressure is below a certain limit, the value of which depends upon 
the composition of the mixture and upon the presence of inert 
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gases. In general the inflammability of methane-oxygen mixtures 
is increased by the addition of an inert gas. The inert gases appear 
to effect this by preventing the diffusion of active centres to the 
vessel walls, where deactivation occurs. The discovery of a 
limiting pressure of methane-oxygen mixtures for explosion by a 
spark agrees with another recent investigation upon the kinetics 
of this oxidation process. 


THE Otp CHEmistry DeEpr., St. Joun’s CoLLEGE, OxForpD. 
UNIVERSIty Museum, OxFrorpD. [ Received, December 23rd, 1931.] 





124. The Preparation of Pure Ethane, Methane, and 
Hydrogen, and the Analysis of Their Mixtures. 


By W. E. MacGriiivray. 


In connexion with other work, it was necessary to find a rapid and 
accurate method for the analysis of mixtures of ethane, methane, 
and hydrogen. In this paper an account is given of the methods 
used for the preparation of the gases in the pure state, and also of 
the analysis of small or large samples of their mixtures. 

The explosion of a mixture of ethane, methane, and hydrogen 
does not give sufficient data to allow us to calculate the proportions 
in which the gases are present. It is therefore necessary to remove 
one of the components by a chemical or physical method, leaving 
the other two for determination by explosion or slow combustion. 
The principles of fractional condensation, or of condensation followed 
by fractional distillation, as a method for the analysis of mixtures 
of this type have been applied by many investigators. 

Tropsch and Dittrich (Brennstoff-Chem., 1925, 6, 169) passed 
the gas mixture through a series of glass bulbs cooled to different 
temperatures. Burrell and Seibert alone (J. Amer. Chem. Soc., 
1914, 36, 1537) and with Robertson (Bur. Mines. Tech. Paper No. 
104, 1915) used an apparatus in which the principle of fractionation 
was employed. Shepherd and Porter (Jnd. Eng. Chem., 1923, 15, 
1143) used a modified form of this apparatus, incorporating a fraction- 
ation column. Davis (Ind. Eng. Chem. Anal., 1929, 1, 61) and 
Podbielniak (Oil and Gas J., 1929, 38, 161) both used some type of 
fractionation column, and carried out the analysis by plotting the 
volume distilled against the boiling points of the components. Such 
a method as this is useful where the sample is large and contains 
several hydrocarbons. Fractionation in a column similar to that 
described by Podbielniak has been used successfully in this laboratory 
for the past 18 months, both as a method of analysis where samples 
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of 2 or 3 litres are available and as a method of purification of 
supplies of ethane and methane. 

Moulders and Schaffer (Rec. trav. chim., 1930, 49, 1057) have 
described a method for the analysis of ethane-methane—hydrogen 
mixtures which consists in the separation of the mixture into two 
fractions by condensation with, liquid air, each fraction then being 
determined by combustion over copper oxide. King and Edgecombe 
(Fuel Research Tech. Paper No. 33) have carried out exhaustive 
experiments on the oxidation of hydrogen and carbon monoxide 
in the presence of saturated hydrocarbons. The oxidation was 
carried out over freshly prepared copper oxide at 280°, at which 
no oxidation of the methane occurred, but ethane, propane, and 
butane were slowly oxidised, a small error thus being introduced 
into the analysis. More recently, Walker and Shukla (Trans. 
Faraday Soc., 1931, 27, 35) used a similar method for the analysis 
of mixtures of ethane and methane, which could not be analysed 
satisfactorily by explosion. Later (J., 1931, 368) they modified 
this method to include mixtures containing hydrogen, freezing out 
the ethane with liquid air and adsorbing the hydrogen from the 
remaining hydrogen-methane mixture with palladium-black, the 
ethane and the methane portion being pumped off with a Toepler 
pump, transferred to a Bone and Wheeler apparatus, and analysed. 

Owing to the difficulty of obtaining complete separation of the 
components by freezing out one of them, an attempt has been made 
to find a method which avoided the use of low temperatures. The 
method now described consists in the oxidation of the hydrogen 
in the mixture by palladium-black, followed by the explosion of the 
two remaining components. This explosion has been found to be 
perfectly satisfactory provided that the right conditions be observed. 


MacGILLIVRAY : THE PREPARATION OF 


EXPERIMENTAL. 


Explosion of Ethane-Methane Mixtures.—In view of the fact that 
explosions of hydrocarbon gas mixtures with excess of oxygen are 
considered to give rise to inaccuracies, it was originally decided to 
carry out the analysis by combustion over copper oxide. For this 
purpose an ordinary silica micro-combustion tube was used; it 
was packed with copper oxide and heated in an electric furnace to 
900°. This rather high temperature for combustion was found 
to be necessary whenever methane was contained in the gas. The 
gas sample was contained over mercury in a sampling pipette, which 
had a three-way tap at the top. This tap was connected into the 
flow of oxygen to the combustion tube and was used to admit small 
portions of a measured quantity of the gas mixture into the oxygen 
stream from time to time. The products of combustion were 
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collected in two micro-absorption tubes filled with phosphoric 
oxide and “ Sofnolite.””’ The method was capable of giving very 
accurate results, for it enabled each component to be estimated to 
within 0-1% ; it also constituted a useful check on the purity of the 
gases prepared by fractionation, but it was too lengthy for the present 
purpose, and the explosion method was therefore examined more 
closely. 

The procedure adopted for the explosion was as follows. «The 
gas sample was passed into the burette of the Bone and Wheeler 
apparatus, and the volume measured. The burette was kept at 
constant temperature by circulating, by means of a pump, water 
from a thermostat through the water jacket. The sample was 
mixed with 12 times its volume of oxygen and the volume again 
measured, The mixture was then passed into the explosion pipette 
and fired. After a few minutes had elapsed, in order to allow the gas 
to cool, the products of combustion were passed back into the 
absorption vessel, via the burette, where they were washed with 10% 
sulphuric acid. Before each measurement the gas was similarly 
washed, The contraction in volume due to the water formed by 
the combustion was then measured and the carbon dioxide formed 
was measured by absorption with 20% caustic potash. 

In calculating the results of the earlier experiments, it was 
found that the figure due to the amount of water formed was in 
every case too high, and that due to the absorption of carbon 
dioxide always too low. This seemed to indicate that the error 
might be due to the absorption of some of the dioxide by the 10% 
sulphuric acid. This error is well known, and a correction is often 
applied for it in gas analysis. Complete elimination of the washing 
at this stage was not desirable, as it is necessary to remove any traces 
of water vapour before measuring the gas volume. It was therefore 
decided to reduce the time of washing to a few seconds instead of 
2 or 3 minutes as in the initial experiments. . After this it was found 
that very accurate results could be obtained, and that explosion 
as a method of analysis of a mixture of methane and ethane was 
very satisfactory. It is, however, necessary to observe several 
precautions. The explosion pipette must be kept absolutely free 
from grease, which is easily carried over from the taps when the 
gas is expelled with mercury. The surface of the mercury in the 
burette should be kept just moist with 10% sulphuric acid, but 
any excess of acid should be carefully avoided. The washing of the 
gas with acid before the measurement of the contraction should be 
limited to 4 or 5 seconds, 

In order to check the method, gas mixtures of known composition 
were prepared with the aid of a small volumenometer from supplies 
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of pure ethane and pure methane. The figures obtained are given 
below : 


_—_—_ 7. —_, —oVoOwye— —e. 
C,H, CH, C,H,. CH,. C,H, CH, (C,H, CH, 


As made up, % ... 54:7 45-3 78:9 21-1 38-4 61-6 54:9 45-1 
Found, % . ..cccees. 54:0 46-0 78-3 22-3 37-2 63-0 54-0 46-4 
Chadht, % sdcidscccce 54-1 46-4 78-1 22-4 37:3 62-9 53-5 47-0 


Analysis of Ethane-Methane—Hydrogen Mixtures.—When dealing 
with mixtures containing hydrogen, the method adopted was to 
remove the hydrogen first by oxidation over palladium-black and 
then determine the remaining mixture of ethane and methane by 
explosion. 

Apparatus.—The apparatus consists of a Bone and Wheeler 
apparatus fitted with an explosion pipette and a tube filled with 
palladium-black. The rest of the Bone and Wheeler apparatus 
is of standard pattern in every way except that all the taps are 
slightly larger than is usual and are hand-made. The explosion 
pipette is 1’ in diameter and 10” long. Two platinum contacts 
are provided for firing at a point 24” from the top. The design of the 
palladium absorption tube is shown in Fig. 1. It consists of a 
small U-tube F, which is filled with activated palladium-black 
held in position with two small plugs of asbestos wool. At either 
end of the U-tube there are two bulbs A and B, which are fitted 
with mercury reservoirs. These bulbs are used to force the gas 
backwards and forwards over the palladium. They can also be 
used as small Toepler pumps in order to withdraw all the gas from 
the palladium. 

Method of Analysis.—The tube F was surrounded with a beaker of 
boiling water, evacuated with a good filter pump for } hour, and 
then completely evacuated by means of the bulb B, which was used 
as a Toepler pump: 6 or 7 strokes were necessary for this operation. 
The gas mixture was then introduced into the apparatus, measured, 
and diluted with 8 times its own volume of oxygen. Both the 
bulbs A and B had been previously flooded with mercury, the 
mercury being brought up to above the tap in the case of A and to 
the mark @ in the case of B. The mixture was then passed from 
the measuring burette into the bulb B, and from there passed four 
times slowly backwards and forwards over the palladium, which 
was kept at 80—90° in a beaker of water. The gas was then trans- 
ferred back to the burette, the bulb B being again used as a Toepler 
pump in order to remove the last traces of gas from the palladium. 
The contraction due to the combustion of the hydrogen was 
measured, and the mixture passed over palladium again, in order to 
ensure that all the hydrogen had been burnt. The percentage of 
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hydrogen in the mixture was then calculated from the contraction 































. and the rest of mixture analysed by explosion. 

The temperature at which the palladium is maintained during the 
combustion is very important. In the first experiments, carried 
out with pure hydrogen, it was found that a temperature of 70° 
was high enough for the combustion to be carried to completion. 
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Too high a temperature or too rapid passage of the mixture over the 
palladium resulted in an explosion. When the mixture is diluted 
with ethane and methane, a higher temperature can be used without 
risk of an explosion. If there is less than 20% of hydrogen present 
the temperature can be raised to 90°, but as the percentage of 
hydrogen increases the temperature must be lowered to 80° for 
mixtures containing 80—90% of hydrogen. 
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This method of analysis was checked in the same way as for the 
explosion method described above, mixtures of known composi- 
tion being made up in a volumenometer capable of measuring the 
volume to 001%. The figures obtained are shown below. 


Asmade Found, Check, Asmade Found, Check, 

up, %. %. %. up, %. %. %. 

[Cee 36-7 36-9 36-6 C.H, 34-0 35-6 34-5 

CH, 48-0 47°3 47°8 CH, 32-4 29-9 31-6 

| H, 15°3 15-8 16-2 H, 33-6 34-8 35-2 
C,H, 17-0 17-9 17-3 C,H, 8-7 8-6 
CH, 15-8 14-4 14-9 {cht 47-3 47-3 
H, 67-3 67-1 66-2 H, 44-0 44-8 


Preparation of Pure Ethane and Methane.—In order to carry out 
the work on ethane and methane it was necessary to prepare 
reasonably large quantities of these gases in the pure state. 
Originally the preparation was carried out by the method outlined 
by Verschoyle (Proc. Roy. Soc., 1931, A, 130, 453). The apparatus 
consisted essentially of two glass bulbs of about 100-c.c. capacity. 
The gas was condensed in one of these bulbs and then distilled 
backwards and forwards from one to the other. In each distillation 
the first and the last portion of the gas were rejected. The degree 
of purity of the liquid was estimated by means of a glass bell en- 
closed in one of the bulbs. This bell could be raised magnetically 
and lowered into the liquid entrapping some of the vapour phase. 
If the entrapped vapour phase collapsed completely without the 
application of excess pressure the liquid was regarded as pure. 
The liquid was finally distilled into a small steel bomb of 50-c.c. 
capacity, and allowed to expand from there into a steel storage 
cylinder of 1 litre capacity. 

Both ethane and methane were purified in this manner. The 
methane used initially was a sample of natural gas from Heathfield, 
Sussex, and contained about 95% of methane. The ethane was 
prepared from a Grignard compound made from freshly distilled 
ethyl iodide. This compound was placed in a flask which was con- 
nected to the distillation apparatus through a train of wash-bottles 
containing fuming sulphuric acid, concentrated sulphuric acid, 
20% caustic potash, and finally solid caustic potash. The apparatus, 
washing train, and flask containing the Grignard compound were 
evacuated and the ethane generated by dropping distilled water 
on to the ethylmagnesium iodide. The ethane was condensed in the 
purification apparatus and distilled in the same manner as for the 
methane. This method was tedious when large quantities of the 
pure gases were required. 

Recently, a more rapid and efficient method of purification has 
been found by making use of the principle of fractional distillation. 
















PURE ETHANE, METHANE, AND HYDROGEN, ETC. 





























947 



















































































Fia. 2. 
ic 
- c 
J 
ie 2 RESERVOIR MANOMETER 
PUMP "7 
' 
Wa 
B21) 
& 
- oa 
ul Pe a 
3 
it 
e poo 
>. I 
d "aah 
SILVERED WITH 5"/m STRIP 
is FOR OBSERVATION 
fs INSID: 7.5" 
d 
n 
SS 
e a 
NICKEL SILVER HELIX 18 Ym. DIA 
l- LENGTH OF WIRE = 800™/m. 
y 
J. 
e 37, = = 
aI 
,, OUTSIDE DA 7.5 4 
e 
e 
| 
’ 15) 2 
s * ™ 
NICKEL SILVER HELIX. 23 "Ym, DIA 
1 A * LENGTH OF wiRE * 800 "Ym. 
~] 
> 
4 a : 
“) 
r a 
» 
7) 
d d 
SY 
3 
L HEATING ELEMENT WOUND ON GLASS 
; ELREKA WIRE 60 @ PER YARD 








“HIGHLY _ Evi T 















LENGTH 3 YARDS 











948 MacGILLIVRAY : THE PREPARATION OF 


As has already been stated Davis and Podbielniak (locc. cit.) used a 
vacuum-lagged fractionation column for the analysis of hydro- 
carbon gas mixtures. Such a column, constructed in this laboratory, 
can be used both for the purification of hydrocarbon gases and 
for the analysis of mixtures of hydrocarbons. It consists (see Fig. 2) 
of a vacuum-lagged column filled with a Dufton spiral of nickel— 
silver wire wound on a glass rod. The vacuum jacket is extended 
at the top to form a cup in which liquid air is placed to give the 
necessary cooling for reflux. Between the liquid-air cup and the 
reflux chamber of the column there is a buffer which can be filled 
with hydrogen at any desired pressure up to 1 atm. absolute. The 
top of the column is furnished with a glass cap through which the 
leads of a copper constantan thermocouple are sealed with de 
Khétinsky cement. The “hot” junction of the couple is placed 
at a point just above the top of the Dufton filling. The boiling 
reservoir at the bottom of the column carries a small heating coil, 
which is externally wound on an elongation of the reservoir. The 
heating coil is wound on a glass former, which slips over this elong- 
ation, the coil itself being enclosed in a glass bulb which is highly 
evacuated, thus guarding against the sudden burning out of the coil. 
This arrangement also has the advantage that the heating coil 
can be used when the reservoir is immersed in liquid air without 
excessive loss of heat to the latter. The reservoir is attached to the 
bottom of the column by means of a ground-glass joint cemented 
with de Khétinsky cement. This type of joint has been found to be 
the only satisfactory one at liquid-air temperatures. The apparatus 
is made with a series of interchangeable reservoirs of different sizes, 
which are used according to the amount of gas being dealt with. 

It should be noted that if, as a result of a fracture occurring, 
the liquid hydrocarbons and the liquid air become mixed, there is 
always the danger of explosion. Some experiments were carried 
out with a view to find out whether the mixture exploded 
spontaneously. Although such an explosion never occurred, it 
was shown that the mixture when fired detonated with considerable 
violence. 1 C.c. of liquid hydrocarbons (33% each of methane, 
ethane, and propane) was mixed in a cooled test-tube with 1 c.c. of 
liquid air. The test-tube was shielded with a length of 24’’-diameter 
seamless-steel tubing with 3/16’’ walls. The tube was open at 
both ends and stood vertically on the ground. When the two 
components were mixed, no explosion occurred, but when the 
mixture was fired, it detonated with such violence that the steel 
tube was split from end to end, and a hole blown in the ground. 
A fatal explosion was experienced by the Bureau of Standards with 
liquid air and light petroleum. 
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As a result of these experiences it is recommended that liquid 
nitrogen be used wherever possible, but failing this, the utmost 
precautions be taken to prevent the accidental mixing of the 
components which give rise to an extremely dangerous mixture. 

Owing to the fact that the column works at a low temperature 
and that the outside jacket remains at room temperature, it was 
necessary to provide some type of expansion joint. This was 
done by making the column in two portions with three turns of a 
glass helix between them. This helix allows a movement of about 
3/16”. An external expansion joint on the outside jacket was 
tried, but not found to be satisfactory. The whole apparatus has 
to be carefully annealed at 800°, and a special furnace was designed 
for this purpose. 

The entire apparatus is made of Pyrex glass and the whole of 
the vacuum jacket and the liquid-air cup are silvered except for two 
narrow observation slits, which run down the length of the column. 
The lower half of the hydrogen buffer only is silvered on the inside. 
The reason for this is that it was not possible to get sufficient control 
of reflux over the whole range from methane to butane by varying 
the pressure of hydrogen in the buffer only. By half silvering the 
surface of the buffer greater cooling can be obtained with a cup full 
of liquid air. When less cooling is required, liquid air can be 
withdrawn from the cup until the level stands below that of the 
silver. At this point, loss of heat from the column by radiation 
is very small and smaller heat transfer results. 

The fractionation column is connected to the steel bomb used in 
the previous method of purification. It is also connected to a 
large glass reservoir, which is used when the apparatus is required 
for analysis. The whole arrangement is shown in Fig. 3. 

Purification by Fractionation.—In this preparation, Heathfield 
methane was again used. The gas was passed through the usual 
wash-bottles, and then condensed in the reservoir of the column. 
Liquid air was poured into the reflux cup, and the hydrogen buffer 
filled with hydrogen to a pressure of 1 atm. After about 100 c.c. 
of liquid had been collected in the reservoir, the filling tap was closed 
and the heating coil switched on. The liquid was allowed to boil, 
and condense in the reflux chamber, until the whole of the column 
was wet with the reflux liquid. The rate of boiling was regulated 
both by means of the heating coil and by raising or lowering the bath 
of liquid air round the reservoir. The heating coil had a resistance 
of 150 ohms, and by passing a current of 0-5 amp. at 220 volts and 
keeping the height of liquid air in the bath such that it surrounded 
the heating coil but not the reservoir, a steady slow rate of boiling 
could be maintained. The rate of reflux was adjusted by varying 

II 
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the pressure of hydrogen in the buffer so that the liquid dropped 
back into the reservoir at the rate of one drop in 5 secs. The rate 
of boiling was also adjusted so that the pressure on the column 
was atmospheric. 

At this stage the tap between the column and the collecting 
apparatus was closed and no distillation could take place. The 
temperature of the liquid condensing at the top of the column was 
measured by the copper—constantan couple, and when this temper- 
ature remained constant, distillation could be commenced. The 
tap at the top of the column which controls the rate of distillation 
was then opened slightly, and the gas allowed to distill over slowly. 
The first portion of the gas to be distilled over was wasted through 
the pump until the couple registered the correct b. p. In the mean- 
time the steel bomb was cooled in liquid air preparatory to 
collection of the main volume of the distillate. The gas was then 
distilled over into the steel bomb at constant temperature and 
atmospheric pressure. The last portion of the distillate was 
rejected through the pump. The steel tap was then closed, the 
liquid air round the steel bomb removed, and the liquid allowed to 
expand into the storage cylinder. 

Ethane was prepared in an exactly similar manner. In this case 
it was necessary to use a lower pressure of hydrogen in the buffer 
in order to obtain the same rate of reflux. This ethane was not 
prepared by a Grignard reaction but by the hydrogenation of ethyl- 
ene, the excess ethylene being washed out with, bromine, followed 
by the removal of the bromine vapour with caustic soda, and the 
gas dried over solid caustic soda and condensed. 

The gases prepared by this method were subjected to only one 
fractional distillation, after which no impurity could be detected 
by analysis. A micro-combustion was then carried out on a sample 
of each gas and the following figures were obtained : 


Methane: C/H ratio found, 2-97, 2-96, 3-01 (calc., 2-98). 
Ethane: C/H ratio found, 3-95, 3-91, 3-97 (calc., 3-97). 


The fractionation column has also been used in this laboratory 
for the analysis of mixtures of hydrocarbon gases. In this case 
a smaller reservoir (capable of holding 10—15 c.c. of liquid) was 
attached to the bottom of the column. The liquefied sample was 
fractionated in the column at constant pressure, and distilled over 
into a glass bulb kept at constant temperature in a thermostat, 
the pressure on the receiver as indicated by M, (Fig. 3) being a 
measure of the volume distilled over. The sample was distilled 
with constant reflux, controlled as in the previous case by the 
pressure of hydrogen in the buffer and the level of liquid air in the 
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cup. Frequent simultaneous readings of the pressure on the receiver 
and the b. p. of the gas were taken and plotted against each other to 
give a distillation curve, from which the composition of the sample 
could be deduced. A typical curve is shown in Fig. 4. If the rate 
of reflux is kept constant and a slow rate of distillation maintained, 


Fia. 4. 
Analysis of a hydrocarbon mixture in fractionation column. 
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very sharp cuts can be obtained, and an accuracy of 2% is given 
by the apparatus. 

Preparation of Pure Hydrogen.—The hydrogen used in these 
experiments was prepared from the commercial gas by passing it 
at a pressure of 10 atm. over heated copper turnings and then over 
silica gel cooled in liquid air. The gas so prepared was found to be 
pure res analysed in the Bone and Wheeler apparatus. It was, 
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however, found that any attempt to raise the pressure at which 
the preparation was carried out above 10 atm. resulted in an impure 
product. This may be due to the forcing out of the impurities 
absorbed by the gel at the lower pressures when the higher pressures 
are reached. As a result, pure hydrogen could not be stored at a 
pressure above 10 atm. 

Summary. 

1. The explosion method is found to be satisfactory for the 
analysis of a mixture containing two pure hydrocarbons, provided 
that certain precautions be taken. 

2. For mixtures containing hydrogen in addition, the oxidation 
of this gas with palladium-black, followed by the explosion of the 
remaining hydrocarbons, affords a rapid and accurate method of 
analysis. 

3. Two methods are given for the purification of ethane and 
methane, one involving fractional distillation of the liquefied gas. 
The fractionation column used is described, and its adaptation 
for the analysis of large samples of complex hydrocarbon gas mixtures 
is explained. 

4. The use of activated silica gel for the purification of hydrogen 
is described. 


The author desires to express his thanks to the Directors of 
Imperial Chemical Industries, Ltd., for permission to publish this 
work, which was carried out in the Research Department of their 
subsidiary company—Brunner Mond & Co. Ltd., Northwich. 
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125. Chemical Evidence of Chelation in the Sodium 
Salts of o-Hydroxybenzaldehydes. 


By Oscar L. Brapy and Water H. BopceEr. 


THIS investigation arose from an attempt to prepare a dinitropheny] 
ether of salicylaldehyde. 

When warmed in alcohol with one equivalent each of sodium 
ethoxide and 2 : 4-dinitrochlorobenzene, both m- and p-hydroxy- 
benzaldehyde readily yield dinitropheny! ethers, but salicylaldehyde 
gives none. This failure does not seem to be due to steric hindrance 
by the aldehyde group, since salicylaldehydemethylphenylhydrazone 
and salicylaldoxime O-methyl ether, OH°C,H,CH-NOMe, both 
give excellent yields of the dinitrophenyl ethers under these con- 
ditions. Similarly, 3-ethoxysalicylaldehyde gives no dinitropheny] 
ether, but its methylphenylhydrazone readily does so. 








IN THE SODIUM SALTS OF 0-HYDROXYBENZALDEHYDES. 953 


A number of other hydroxy-aldehydes have been investigated. 
1-Naphthol-4-aldehyde gives a dinitrophenyl ether readily, but 
5-nitro- and 5-bromo-salicylaldehyde and 2-naphthol-1l-aldehyde 
fail to do so under similar conditions. 

Thereaction between 2 : 4-dinitrochlorobenzene and salicylaldehyde 
in 95% alcohol in the presence of one equivalent of sodium ethoxide 
takes place in the sense 
CHO-C,H,-ONa + (NO,),C,H,Cl + H,O —> 

CHO-C,H,°OH +- (NO,),.C,H,-OH + NaCl 
but, since the dinitrophenol as formed decomposes the sodium 
salicylaldehyde, the stoicheiometric relations are expressed as 
2CHO-C,H,ONa + (NO,),C,H,Cl + H,O = 

2CHO-C,H,OH + NaCl + (NO,),C,H,-ONa 
When special precautions are taken to eliminate water, dinitro- 
phenetole is formed : 
CHO-C,H,ONa +- (NO,),C,H,Cl + EtOH — 

CHO-C,H,-OH + (NO,),C,H,-OEt + NaCl 

The most probable explanation of the above results is that, under 
the conditions of experiment, the sodium compound of salicylaldehyde 
in alcohol is co-ordinated and that the replacement of the aldehydic 
oxygen by the group -NOMe or -N-NMePh, which are less likely to 
favour co-ordination, enables the ONa group to function normally. 

Sidgwick and Brewer (J., 1925, 127, 2385) have shown that the 
compound of sodium salicylaldehyde with a further molecule of 
salicylaldehyde described by Hantzsch (Ber., 1906, 39, 3089) has 

some of the physical properties of a chelate compound, and lithium 
salicylaldehyde forms a dihydrate which is soluble in toluene and is 
probably chelated. Although Hantzschsays thateven in the presence 
of an excess of base the salt C,H,O,Na,C,H,O, is precipitated, under 
the conditions of our experiments, where equimolecular amounts of 
sodium ethoxide and salicylaldehyde were employed, this was 
not the case, as the sparingly soluble salt which separated was the 
compound C,H,0,Na. 

We suggest that the reaction proceeds between the dinitrochloro- 
benzene and the sodium compound in solution. It seems probable 
that the sodium salt has a chelate structure (I), analogous to 
Sidgwick and Brewer's lithium compound, in aqueous-alcoholic 
solution and a structure (IL) in anhydrous alcoholic solution. 
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Some support is lent to this view by the fact that the dihydrate of 
lithium salicylaldehyde and Hantzsch’s sodium compound are 
yellow, whereas sodium salicylaldehyde is almost colourless but the 
alcoholic mother-liquor from which it separates is deep yellow, and 
salicylaldehyde in excess of aqueous sodium hydroxide gives a 
bright yellow solution. 

The mechanism of the reaction with dinitrochlorobenzene is 
obscure, but probably an addition compound is formed in the first 
place, leading to the production of dinitrophenol from (I) in 95% 
alcohol and of dinitrophenetole from (II) in anhydrous alcohol. 
There seems reason to suppose that the production of dinitrophenol 
in 95% alcohol is not due to sodium hydroxide formed by hydrolytic 
dissociation of the sodium salicylaldehyde, since even with low con- 
centrations of sodium hydroxide and dinitrochlorobenzene in alcohol 
of this strength the main product of the reaction is dinitrophenetole. 

An alternative explanation is that the reactive material in the 
alcoholic solution is a small quantity of Hantzsch’s compound (II1), 
more being formed as this is decomposed by the dinitrochlorobenzene 
by the action of the liberated salicylaldehyde on the suspended 


sodium salicylaldehyde. 


(III.) Ona ae 
erty oer 


This seems less likely, as = i is not pane here why the presence 
or otherwise of small amounts of water determines the formation of 
dinitrophenol or dinitrophenetole, since the latter is produced in the 
absence of salicylaldehyde even when relatively large quantities of 
water are present. If the first suggestion be adopted, one might 
tentatively suggest that the dinitrochlorobenzene displaces one 
molecule of the solvent in (I) and (II), giving (IV) and (V), which 
decompose with the production of sodium chloride and dinitro- 


phenol and dinitrophenetole respectively. 
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EXPERIMENTAL 


p-2:4- Dinitrophenoxybenzaldehyde.—p - Hydroxybenzaldehyde 
(6 g.) in alcohol (20 c.c.) was mixed with a solution of sodium (1-15 g.) 
in alcohol (20 c.c.), and a hot concentrated alcoholic solution of 
2 : 4-dinitrochlorobenzene (12 g.) added. The deep red solution was 
boiled under reflux for 1 hour; a pale yellow precipitate then ap- 
peared. The solution was cooled in a freezing mixture, and the 
precipitate collected, washed with water to remove sodium chloride, 
and crystallised from alcohol-acetone, p-2 : 4-dinitrophenoxybenz- 
aldehyde being obtained in good yield in stout white needles, m. p. 
105° (Found: N, 10:3. C,,H,O,N, requires N, 103%). Only 
a trace of dinitrophenol was obtained from the mother-liquors. 

m-2 : 4-Dinitrophenoxybenzaldehyde, similarly prepared from m- 
hydroxybenzaldehyde, crystallised in white needles, m. p. 125° 
(Found: N, 10-3%). 

2 : 4-Dinitrophenyl-4-aldehydo-1-naphthyl ether, prepared analog- 
ously from 1-napthol-4-aldehyde, crystallised in lemon-yellow needles, 
m. p. 158° (Found: N, 8-6. C,,H,,O,N, requires N, 83%). 

0 -2:4- Dinitrophenoxybenzaldehydemethylphenylhydrazone.— 
Salicylaldehydemethylphenylhydrazone, prepared by heating salicyl- 
aldehyde (10 g.), methylphenylhydrazine (10 g.), and alcohol 
(30 c.c.) on the water-bath until a solid began to separate, crystal- 
lised from alcohol in white leaflets, m. p. 69° (Found: N, 12-5. 
C,,H,,ON, requires N, 12-6%). This compound, boiled with 
sodium ethoxide (1 mol.) and 2: 4-dinitrochlorobenzene (1 mol.) 
in alcohol for 1 hour, gave a sparingly soluble precipitate which, 
crystallised from alcohol-acetone, yielded 0-2 : 4-dinitrophenoxy- 
benzaldehydemethylphenylhydrazone in deep red, cubes, m. p. 117° 
(Found: N, 14:5. C,9H,,0,N, requires N, 14-3%). Yield, 60%. 

2-(2’ : 4’ - Dinitrophenoxy) -3 - ethoxybenzaldehydemethylphenylhydr- 
azone.—2-Hydroxy-3-ethoxybenzaldehyde (2-8 g.), methylpheny]l- 
hydrazine (2-5 g.), and aleohol (10 c.c.) were heated for some time on 
the water-bath. The precipitate obtained on cooling, when crystal- 
lised from alcohol, gave 2-hydroxy-3-ethorybenzaldehydemethyl- 
phenylhydrazone in colourless leaflets, m. p. 72° (Found: N, 10-6. 
C,,H,,0,N, requires N, 10-4%). This compound, treated with 
sodium ethoxide and 2 : 4-dinitrochlorobenzene in alcohol as before, 
gave 2-(2’ : 4’-dinitrophenoxy)-3-ethoxybenzaldehydemethylphenylhydr- 
azone, which crystallised from alcohol-acetone in orange cubes, 
m. p. 164° (Found: N, 12-9. C,H ,O,N, requires N, 12-3%). 

0-2:4-Dinitrophenoxybenzaldoxime O- Methyl LEther—When 
salicylaldehyde (12 g.) and O-methylhydroxylamine (5 g.) were 
mixed, the temperature rose to 85°, but the liquid remained clear 
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until after 60 seconds it suddenly became opaque and in another 
few seconds had separated into two layers. (This behaviour seems 
the first direct evidence of the two stages in the reaction between 
aldehydes and hydroxylamine derivatives: R-CHO + H,N-OMe —> 


RCH YO Me —> R‘CH:NOMe + H,0.) Water was added, and 


the mixture extracted with chloroform; after removal of the solvent 
salicylaldoxime O-methy] ether was obtained as a faintly yellow oil. 
This oil (3 g.) was mixed with a solution of sodium (0-5 g.) in alcohol 
(10 c.c.), and a boiling solution of 2 : 4-dinitrochlorobenzene (4 g.) 
in alcohol (25 c.c.) added. A deep red colour developed immediately, 
which rapidly faded and a crystalline precipitate separated : this, 
crystallised from alcohol, gave 0-2 : 4-dinitrophenoxybenzaldoxime 
O-methyl ether in very pale yellow needles, m. p. 106° (Found: C, 
53-0; H, 3-4; N, 13-5. C,,H,,0,N, requires C, 53-0; H, 3-5; 
N, 13-3%). 

Action of Sodium Salicylaldehyde on Dinitrochlorobenzene.— 
Sodium (1-1 g.) was dissolved in 95% alcohol (25 c.c.), and a solution 
of salicylaldehyde (6 g.) in alcohol (25 c.c.) slowly added with vigorous 
shaking, the sodium salt being precipitated; a solution of 2 : 4- 
dinitrochlorobenzene (11 g.) in hot alcohol (50 c.c.) was then rapidly 
poured in and the mixture boiled under reflux for 30 minutes. The 
very pale yellow sodium salicylaldehyde had now been replaced by 
a mass of long orange needles having the appearance of sodium 
dinitrophenoxide. After cooling, these were collected, washed with 
a little alcohol, suspended in water (10 c.c.), and acidified with 
concentrated hydrochloric acid; the dinitrophenol formed was 
collected and identified in the usual way (yield, 3-4 g., corresponding 
to 34% of the dinitrochlorobenzene employed, but some sodium 
dinitrophenoxide remained in the alcohol). 

The alcohol was removed from the filtrate from the sodium 
dinitrophenoxide on the water-bath and water and ether were added 
to the residue. By repeated shaking with 2N-sodium hydroxide, 
the salicylaldehyde was removed from the ethereal extract which 
then gave on evaporation 6-2 g. of an oil: this solidified to a pasty 
mass, which when pressed on porous tile gave dinitrochlorobenzene. 
The sodium hydroxide solution on acidification and distillation in 
steam gave salicylaldehyde. 

When alcohol which had been dried over calcium oxide and distilled 
over aluminium ethoxide was used in the above reaction, the solid 
obtained by filtration of the reaction mixture after 30 minutes’ 
refluxing was found to be sodium chloride, the yield corresponding 
to 73% of the sodium employed in the reaction. The alcohol was 
removed from the mother-liquor on the water-bath, water added to 
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the residue, and the product shaken with ether; after separation, 
the aqueous layer on acidification gave 2 g. of dinitrophenol. This 
amount would be formed if, owing to incomplete dehydration or to 
absorption of water during manipulation, 0-2 g. of water was present 
during the reaction; although care was taken to avoid this, the 
amount is not surprising, since 100 c.c. of alcohol were used and 
several transfers of solutions were necessary. The ethereal layer, 
after repeated extraction with 2N-sodium hydroxide, gave on 
evaporation 8 g. of an oil which slowly solidified and was identified 
as dinitrophenetole ; the amount corresponds to 73% of the theoreti- 
cal yield. The sodium hydroxide solution on acidification yielded 
salicylaldehyde. 

To test the action of sodium hydroxide on dinitrochlorobenzene 
in alcohol, 0-5 g. of the latter was dissolved in hot 95% alcohol 
(100 c.c.) and 1-3 c.c. of 2N-sodium hydroxide mixed with 200 c.c. of 
alcohol were added. After being heated for 2 minutes, the whole 
was poured into 500 c.c. of water; 56° of the theoretical yield of 
dinitrophenetole was then obtained. 

In order to decide the composition of the sodium salt precipitated 
in the above reactions the first stage of the operation was repeated, 
the same quantities being used. The precipitated sodium salt was 
collected and washed with a very small quantity of alcohol and then 
with ether (compare Sidgwick and Brewer, loc. cit.). It was found 
to contain 15-2% of sodium (C,;H,O,Na requires Na, 16-0%. 
C,H,0,Na,C,H,O, requires Na, 8-6%). The filtrate from the sodium 
salt, excluding the washings, was acidified with concentrated hydro- 
chloric acid and two volumes of anhydrous ether were added; the 
precipitated sodium chloride weighed 0-22 g. This result eliminates 
the possibility that the washing of the sodium salt had removed 
salicylaldehyde from the compound C;H,O,Na,C,H,O,, since had 
only half the sodium present been used in salt formation the yield 
of sodium chloride from the alcoholic solution should have been 
1:18 g. The sodium chloride actually obtained from the alcoholic 
solution was probably produced to a great extent from the sodium 
salicylaldehyde in solution. 

The other o-hydroxyaldehydes mentioned in the introduction 
gave similar results when treated in alcoholic solution with 1 equiv- 
alent each of sodium ethoxide and dinitrochlorobenzene. 


{ Received, January 6th, 1932.] 
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126. The Polarity of the Co-ordinate Link. Part I. 
The Constitution of the Arsinimines. 


By FRrEepERick GrorcE MANN. 


EXPERIMENTAL evidence to confirm the assumption that in com- 
plex metallic salts the co-ordinated molecules of ammonia, water, 
organic sulphides, tertiary arsines, etc., were bound to the central 
metallic atom by “ co-ordinate links ” or “‘ semipolar double bonds ” 
was recently sought by the author, and for this purpose the optical 
resolution of tetrachloro-(8$’-diaminodiethyl sulphide monohydro- 
chloride)platinum (I) was accomplished (Mann, J., 1930, 1745). 


Qu, NH, HC! 
- NH,°C,H, 
Nr hig (C,H,),N—>0O (I) 
pi (I.) 
[(H,N),—>Co]Cl, (.) 
tAasve . — 5 








The optical activity of this compound is due to the asymmetric 
sulphur atom, and would indicate that the linkage between this 
atom and the platinum is the same as that between the sulphur 
and oxygen atoms in an organic sulphoxide, i.e., a co-ordinate link. 
One alternative possibility, however, is that the sulphur atom is 
joined to the platinum by a “ singlet link,” which, having a fixed 
direction in space, would also confer asymmetry upon the sulphur 
atom and thus enable the compound to show optical activity. 

The presence of singlet links in these complex metallic salts has 
been suggested by Sugden (J., 1929, 316) mainly for two reasons : 
(1) the experimental fact that the parachor of certain fusible metallic 
derivatives of acetylacetone agrees better with the value calculated 
on the assumption that singlet links, instead of co-ordinate links, 
are present in these compounds; and (2) the theoretical reason that 
the presence of a co-ordinate link in triethylamine oxide (II) gives 
a marked polarity to the nitrogen and oxygen atoms, which are 
thus able to exert a positive and a negative charge respectively : 
if the same linkage is present between the nitrogen atoms and the 
cobalt in hexamminocobaltic trichloride (III), the cumulative effect 
of these strongly polar links would be to give the cobalt atom a 
strongly electronegative charge. Actually the cobalt gives no 
evidence of such properties. 

The best method of deciding whether co-ordinate or singlet links 
are present in these metallic salts would undoubtedly be a direct 
measurement of their parachor. The preparation of suitable com- 
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plex salts which, being either fusible without decomposition or 
alternatively soluble in non-ionic solvents, lend themselves to such 
measurements, is now being undertaken in this laboratory. Mean- 
while, it was considered of interest to investigate experimentally 
the factors which influence the polarity of the co-ordinate link. 

In the organic sulphoxides, eg., diethyl sulphoxide (IV), the 
oxygen atom is definitely bound to the sulphur by a co-ordinate 
link, as shown by the optical resolution of suitable sulphoxides by 
Harrison, Kenyon, and Phillips (J., 1926, 2079). This co-ordinate 


(C,H,),S—>O (IV.) (CoH), S<NPs (v.) 


link possesses a marked chemical polarity, since the sulphoxide 
combines with acids to give stable hydroxy-salts, nitric acid thus 
giving the hydroxynitrate (V). When diethyl sulphide is treated 
with chloramine-T, it is readily converted into diethylsulphine-p- 
toluenesulphonylimine (VI) (Mann and Pope, J., 1922, 121, 1052) : 


Et,S + NNaClSO,°C,H,Me,3H,O = NaCl + 3H,0 + 
Et,.S—>N-SO,°C,H,Me (VI.) 
here again the optical resolution of such sulphilimines by Clarke, 
Kenyon, and Phillips (J., 1927, 188) has shown that a co-ordinate 
link exists between the sulphur and the nitrogen atom. Yet in 
these sulphilimines the co-ordinate link shows no polar properties, 
and no record of the addition of other definitely polar molecules, 
e.g., nitric acid, to this co-ordinate link has yet appeared. 
Attempts were therefore made to decide whether this striking 
loss of the polar properties of the co-ordinate link when the oxygen 
atom of the sulphoxides was replaced by the ‘N-SO,°C,H,*Me group 
of the sulphilimines would extend to other similar compounds. In 
the tertiary arsine oxides, ¢.g., tri-p-tolylarsenoxide (VII), the co- 
ordinate link between the arsenic and the oxygen atom possesses 
even more markedly polar properties than that in the sulphoxides. 
(C5H,Me),As—>O (VILZ.) (C,H,Me),As—> N-SO,°C,H,Me (VIIL.) 
Not only will the arsenoxide combine with a number of strong 
acids, to give hydroxy-salts, but it will also. combine directly with 
water to give arsine dihydroxides, possessing marked stability. It 
was of interest, therefore, to determine whether, when a tertiary 
arsine was treated with chloramine-T, an arsinimine would result, 
¢.g., tri-p-tolylarsine-p-toluenesulphonylimine (VIII), in which the 
co-ordinate link between the arsenic and the nitrogen atom would 
be neutral, or whether the polar properties of the arsenoxide would 
reappear, diminished but still existent, in the new compound. 


One such case had already been recorded by Mann and Pope 
I12* 
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(J., 1922, 121, 1754), who showed that 66’8’’-trichlorotrivinylarsine 
on treatment with chloramine-T gave a compound of composition 
(C,H,Cl),As:N*SO,"C,H,Me,H,O. Since, however, this compound 
in benzene solution gave no effervescence with calcium carbide, it 
was inferred that the molecule of water was definitely bound to 
the organic molecule, which probably had the composition (IX). 
This proposed constitution has now been placed beyond doubt by 
the preparation of the same compound by the direct union of 
68'6’’-trichlorotrivinylarsenoxide and p-toluenesulphonamide. The 
compound is therefore definitely the hydroxysulphonamide of the 
tertiary arsine :— 


(C,H,Cl),As + 
NN 


NNaCI-SO,°C,H,Me,3H,O NH‘SO,°C,H,Me + 
‘ CHCA 4 NaCl + 2H,0 
(C,H,Cl),AsO + (C,H,Cl), if co 
NH,SO,°C,H,Me 7 OB Py 


Precisely similar results have also been obtained with the three 
isomeric tri-o-, tri-m-, and tri-p-tolylarsines. Each reacts with 
chloramine-T to give the corresponding tritolylarsinehydroxy-p- 
toluenesulphonamide, (C,H,),As(OH)*-NH’SO,°C,H,-Me, which in 
all three cases can be synthesised alternatively by the direct union 
of the respective tritolylarsenoxide, or arsinedihydroxide, with 
p-toluenesulphonamide. 

The interpretation placed originally on these results was that 
the chloramine-T first converted the arsine into a true arsinimine 
of type (VIII), a reaction precisely similar to the formation of a 
sulphilimine, and that the co-ordinate link between the arsenic 
and the nitrogen atom in this arsinimine then possessed sufficiently 
polar properties to unite with a molecule of water (always present 
in the hydrated chloramine-T used) to form the hydroxysulphon- 
amide. The alternative explanation, now considered the more 
probable, is that the chloramine-T acts solely as an oxidising agent, 
converting the tertiary arsine into the arsenoxide (VII), and that 
it is the strongly polar co-ordinate link between the arsenic and 
the oxygen atom in the oxide that causes its direct union with the 
acidic p-toluenesulphonamide. 

An objection originally held to this second explanation was that 
the chloramine-T, if it oxidised the tertiary arsine so readily to the 
arsenoxide, might reasonably be expected to oxidise sulphides 
similarly to sulphoxides, whereas actually it appeared always to 
convert sulphides directly into sulphilimines. This objection dis- 
appeared when it was found that some compounds of the chlor- 
amine-T class, e.g., the phenyl analogue, C,H;*SO,"NNaCl,3H,0, 
did convert certain sulphides into sulphoxides without any apparent 
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formation of sulphilimines. Further and more decisive evidence 
for the second, or direct oxidation, theory was obtained by the 
discovery that certain tertiary arsines when treated with chlor- 
amine-T did actually give the corresponding arsenoxides, and that 
the latter either definitely did not then combine with p-toluene- 
sulphonamide, or alternatively gave a hydroxysulphonamide so 
sensitive to water that it underwent complete dissociation to arsen- 
oxide and sulphonamide under the conditions of the experiment. 
The number of compounds investigated is insufficient to establish 
a general rule, but it would appear that when a tertiary arsine has 
one or more methyl groups directly attached to the arsenic atom, 
the action of chloramine-T is always to give the corresponding 
arsenoxide, which undergoes no apparent further change. This 
point arose during an investigation into the stereochemistry of 
these hydroxysulphonamides. It will be seen that if an asymmetric 
arsine is converted into the hydroxy- 
ae * NH-‘SO,°CgHyCH3 suiphonamide (X), the latter will 
R” / OH (X.) possess molecular dissymmetry, and, 
if the group R possess acidic or basic 
properties for salt formation, should be resolvable into optically 
active forms. This resolution, however, would probably have 
to be performed in non-ionising solvents, otherwise the ionisation 
of the toluenesulphonamido-group, which is directly attached to 
the arsenic atom, would probably cause very rapid, if not 
instantaneous, racemisation (Mills and Raper, J., 1925, 127, 
2479). For this purpose, both o-carboxydiphenylmethylarsine, 
AsMePh(C,H,°CO,H) (Aeschlimann, ibid., p. 812), and the isomeric 
p-compound, were treated with chloramine-T, but in each case only 
the corresponding arsenoxide, and not the hydroxysulphonamide, 
was obtained. Similarly phenyldimethylarsine with chloramine-T 
gave the arsenoxide, whilst the diethyl homologue behaved normally, 
giving phenyldiethylarsinehydroxy-p-toluenesulphonamide. Phenyl- 
(8-phenylethyl)methylarsine, AsMePh(CH,°CH,°Ph), again gave 
only the arsenoxide and toluenesulphonamide. Tribenzylarsine 
behaved peculiarly in giving a mixture of the arsenoxide and 
dibenzylarsonic acid, but this result may have been partly due to 
the unstable nature of tribenzylarsine itself. The production of 
the dibenzyl derivative recalls the ready conversion of disubstituted 
monochloroarsines into arsonic acids by chloramine-T (Burton and 
Gibson, J., 1924, 125, 2275). In view of these difficulties, and the 
possible rapid racemisation of the final product, no further attempt 
to prepare dissymmetric hydroxysulphonamides was made. 
The hydroxysulphonamides now described represent a new class 
of arsenic compound, since structurally similar salts have previously 
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been obtained only by the union of arsenoxides with inorganic 
acids and the stronger organic acids, and not with acid amides. 
The general properties of tri-p-tolylarsinehydroxy-p-toluenesulphon- 
amide were therefore studied in some detail. It was expected, in 
view of the feebly acidic nature of p-toluenesulphonamide, that this 
compound would undergo only slight ionisation in solution (equation 
XI), and that this ionisation would be further reduced by simul- 
taneous molecular dissociation (equation XII). This was confirmed 
experimentally, since the molecular conductivity in alcohol proved 
to be very small. On the other hand, the molecular weight of the 
compound in ionising solvents, such as acetone and acetonitrile, 
indicated considerable dissociation: since, however, the molecular 
weight in boiling chloroform, and even in dilute toluene, was also 
low, it is probable that in all these solvents molecular dissociation 
considerably exceeded ionisation. 
(C7H;),As‘OH + NH-S0,-C,HMe 
(C,H,),As(OH)-NH-SO,°C,H,Me (X1.) 
\(C,H,),4s0 + NH,SO,°C,H,Me 
(XII.) 

When the hydroxysulphonamide in cold alcoholic solution 
was treated with picric acid, tri-p-tolylarsine hydroxypicrate, 
(C,H,),As(OH)-O-C,H,(NO,)s, rapidly separated : moreover, when 
the hydroxysulphonamide was treated either directly or in alcoholic 
solution with sodium hydroxide, tri-p-tolylarsenoxide and the 
sodium derivative of p-toluenesulphonamide were formed. Both 
these reactions, however, can be explained on the basis of ionisation, 
or molecular dissociation, of the original hydroxysulphonamide. 

Precisely similar results were obtained with tri-m-tolylarsine- 
hydroxy-p-toluenesulphonamide. 

The present investigation throws further light on the constitution 
of the highly stable, crystalline compound which Mann and Pope 
obtained by the action of chloramine-T on triphenylarsine; it has 
m. p. 175—176°, and its composition corresponds to 2 mols. of a 
true arsinimine, viz., triphenylarsine-p-toluenesulphonylimine, com- 
bined with 1 mol. of p-toluenesulphonamide : 

[Ph,As—>N-SO,°C,H,Me],,NH,°SO,°C,H,Me (XIII.) 
This compound has been reinvestigated in detail, and is found 
always to be formed whenever triphenylarsine is treated with chlor- 
amine-T, or triphenylarsenoxide with p-toluenesulphonamide, even 
if the comparative amounts of the two reagents are varied in each 
case over wide limits. Moreover, the compound is easily hydro- 
lysed by cold sodium hydroxide solution, giving triphenylarsenoxide 
and p-toluenesulphonamide: when treated in alcoholic solution 
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with picric acid, it readily yields triphenylarsine hydroxypicrate. 
The action of chloramine-T on triphenylarsine must undoubtedly 
be first to give triphenylarsenoxide and p-toluenesulphonamide, 
which to a certain extent combine normally to give triphenylarsine- 
hydroxysulphonamide : 2 mols. of the latter under the conditions 
of the experiment then condense with one of the free sulphonamide 
to give the less soluble trisulphonamido-derivative (XIV). The 


/NE'SO, C,H, 
Ph,As NH-‘SO,°C;H, 
‘or Phase 
OH HINSO,C.H, = DNSO;C;H, + 2H,0 
/ Set le \NH-S0O,°C,H, 
\NH-SO,°C,H, 


latter is therefore akin in its general constitution to arsenimide, 
NH-As-:NH-As:NH, and there is no evidence for the presence of 
the co-ordinate link shown in (XIII). Molecular-weight deter- 
minations gave no decisive evidence with regard to the constitution 
of this compound : its low solubility in cold solvents necessitated 
the employment of the ebullioscopic method, and at the high 
temperatures thus involved the compound probably underwent 
both dissociation and ionisation, the results indicating an apparent 
splitting into 3, 4, and 5 particles in various solvents. When tri- 
phenylarsine was treated with benzenesulphonchlorosodioamide, 
however, it was converted normally into triphenylarsinehydroxy- 
benzenesulphonamide, Ph,As(OH)*-NH-SO,Ph. 

Whilst this investigation was in progress, the author’s attention 
was drawn by Dr. H. McCombie to some unpublished results which 
the late Mr. A. C. P. Lunn and he had obtained with 88’-dihydroxy- 
diethyl sulphide, or thiodiglycol. This compound reacts with 
chloramine-T to give a sulphilimine, (C,H,°OH),S->N-SO,°C,H,,H,0. 
The molecule of water is firmly fixed in this compound and, as in 
the case of the trichlorotrivinylarsine compound already mentioned, 
is not detached when the substance is treated in hot benzene solu- 
tion with calcium carbide. It appeared, therefore, that this sulphil- 
imine was peculiar in that the co-ordinate link between the sulphur 
and the nitrogen atom was sufficiently polar to cause the direct 
addition of water to give a hydroxy-sulphonamide, 

(C,H,°-OH),S(OH)-NH-SO,°C,H, 
similar to the arsenic compounds already described. To confirm 
this constitution, many experiments were performed to determine 
whether p-toluenesulphonamide would combine directly with 
88'-dihydroxydiethyl sulphoxide, a supply-of which was kindly 
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furnished by Dr. McCombie. In spite of wide variations in temper- 
ature, solvent, etc., no indication of such combination was obtained, 
however, and the constitution of this peculiar hydrated sulphilimine 
remains uncertain. It was found, too, that thiodiglycol behaves 
abnormally in other respects, since when treated even in ice-cold 
aqueous solution with benzenesulphonchlorosodioamide, it was 
rapidly converted into dihydroxydiethyl sulphoxide, with the 
simultaneous formation of benzenesulphonamide. This result was 
not due to inability of the benzenesulphonchlorosodioamide to give 
a sulphilimine, since the former when treated with diethyl or methyl 
ethyl sulphide readily gave normal sulphilimines such as diethyl- 
sulphinebenzenesulphonylimine, (C,H;).S—>N°*SO,°C,H 5. 

Some preliminary experiments tend to show that the diaryl 
tellurides when treated with chloramine-T give hydroxysulphon- 
amides, their behaviour thus resembling that of the arsines, and 
not that of the sulphides. 


EXPERIMENTAL. 

66'8"-Trichlorotrivinylarsinehydroxy-p-toluenesulphonamide (IX). 
—The preparation of this compound by the action of chloramine-T 
on the tertiary arsine has already been described (Mann and Pope, 
loc. cit.). Alternatively, 6$’8’’-trichlorotrivinylarsenoxide (2 g.) 
and p-toluenesulphonamide (1-3 g.) were added to anhydrous benzene 
(18 c.c.), and the mixture heated under reflux for 30 minutes. The 
clear solution on cooling gave colourless crystals, which, when 
washed with benzene and dried, had m. p. 122—123°, unchanged by 
admixture with the compound obtained as above. 

Tri-p-tolylarsinehydroaxy-p-toluenesulphonamide (as X).—Solutions 
of tri-p-tolylarsine (5 g.) and of chloramine-T (6 g.; 1-5 mols.), 
each in hot absolute alcohol (200 c.c.), were mixed, a fine precipitate 
of sodium chloride rapidly separating. The liquid was boiled under 
reflux for 3 hours, filtered from sodium chloride, and evaporated 
to a thick syrup. When the cold syrup was stirred with dry ether, 
it rapidly formed a mass of white crystals; these, twice recrystallised 
from benzene, had m. p. 137—138° (Found: C, 62-8; H, 5-6; 
N, 2-85; 8, 6-05. C,,H3,0,NSAs requires C, 62-8; H, 5-6; N, 2-6; 
8, 6-0%). 

Tri-p-tolylarsine dihydroxide (2 g.), made by the method of 
Michaelis (Annalen, 1902, 321, 202), and p-toluenesulphonamide 
(0-9 g.) were added to anhydrous benzene (20 c.c.). The clear 
solution obtained by 15 mins.’ heating under reflux gave on cooling 
crystals of m. p. 137—139°, unchanged by admixture with the 
foregoing compound. 

The hydrorysulphonamide is freely soluble in cold alcohol and 
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acetone, and in boiling benzene, but only slightly soluble in boiling 
ether. It is also very slightly soluble in boiling water, from which 
it crystallises unchanged on slow cooling. The following table 
gives the values obtained for M, the molecular weight, by the 
ebullioscopic method, g being the weight in g. of solute in 100 g. 
of solvent (M, cale., = 517-3) : 


Acetone. Acetonitrile. Chloroform. Toluene. 
M 342 368 215 225 318 320 496 543 
g 5-089 11-81 5:392 9-219 2-602 4-468 5-070 8-820 


A 3-745% alcoholic solution at 18° had a specific conductivity of 
4-81 x 10-*, and therefore a molecular conductivity of 0-0508, since 
the specific conductivity of the alcohol alone was 1-13 x 10-6. 

A cold alcoholic solution of the hydroxysulphonamide was treated 
with a 15% aqueous solution of sodium hydroxide: after 1 hour, 
the clear solution was diluted carefully with water. The fine emul- 
sion so obtained rapidly precipitated crystalline tri-p-tolylarsine 
dihydroxide, m. p. 95—96°, unchanged by admixture with a known 
sample. After removal of the dihydroxide and acidification, the 
mother-liquor deposited -toluenesulphonamide. Similar results 
were obtained when the hydroxysulphonamide was triturated 
directly with concentrated sodium hydroxide solution. 

When the hydroxysulphonamide was treated with picric acid, 
each in cold alcoholic solution, yellow needles of tri-p-tolylarsine 
hydroxypicrate separated: these had m. p. 184—185° (decomp.), 
unchanged by recrystallisation from alcohol (Found: N, 7-15. 
C,,H,,0,N,As requires N, 7-1%). 

Tri - m - tolylarsinehydroxy - p - toluenesulphonamide.—This prepar- 
ation from tri-m-tolylarsine was precisely similar to that of the 
p-compound. The syrup obtained by evaporation of the alcohol 
readily solidified on cooling, and the colourless crystals, when 
washed with ether and recrystallised from benzene, had m. p. 
140—141-5° (Found : C, 62-8; H, 5-6; N, 2-8; 8, 6-15%). Tri-m- 
tolylarsine dihydroxide also united rapidly with one equivalent of 
p-toluenesulphonamide in hot benzene solution to give the same 
compound, m. p. 140—142°,"its identity being again confirmed by 
mixed m. p. determinations. 

Molecular-weight determinations, as for the previous compound, 
gave : 


Acetone. Acetonitrile. Chloroform. Toluene. 
M 311 350 246 271 273 335 339 338 472 546 


5-301 10-08 7-807 12-25 15:14 3-090 5-595 7-798 4-914 8-405 

A 4-324% alcoholic solution at 18° had a specific conductivity of 
7:94 x 10-8, and therefore a molecular conductivity of 0-0815, the 
conductivity of the alcohol alone being as before. 
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Tri-o-tolylarsinehydroay-p-toluenesulphonamide.—Tri-o-tolylarsine, 
m. p. 98°, was first prepared by Burrows and Turner (J., 1920, 
117, 1382). The preparation was repeated, and the arsine, when 
thrice recrystallised from absolute alcohol, had m. p. 108—109°. 
Analysis showed it to be pure. This arsine (15 g.) and chloramine-T 
(18-3 g.) were added to hot alcohol (400 ¢.c.), and the whole boiled 
under reflux for 5 hours, Sodium chloride was filtered off, and the 
alcohol evaporated until a viscous syrup remained. This was left 
in a vacuum for several days and then dissolved in hot benzene. 
On cooling, p-toluenesulphonamide crystallised in quantity. This 
was separated, and the benzene evaporated to small bulk. Dilution 
of the cold concentrated solution with anhydrous ether gave a 
crop of colourless crystals: these were purified by redissolution in 
benzene and reprecipitation with ether, and finally by two recrys- 
tallisations from benzene. The hydroxysulphonamide softened at 
96° and melted at 98—104° (Found: C, 62:8; H, 5-8; 8, 5-9%). 

Action of Chloramine-T on 0-Carboxydiphenylmethylarsine.—Solu- 
tions of the tertiary arsine (8 g.) and of chloramine-T (10 g., 1-25 
mols.), each in hot alcohol (70 c.c.), were mixed, and boiled under 
reflux for 4 hours. The solution was filtered, evaporated to small 
bulk, and the semi-solid cold product washed with ether and then 
water. The white residue when dry was twice recrystallised from 
absolute alcohol, and then had m. p. 237—239°. The tertiary 
arsine had thus been converted into the arsenoxide, m. p. 242° 
(Aeschlimann, loc. cit.) (Found: C, 55°15; H, 4:35. Cale. for 
C,,H,,0,As: C, 55-3; H, 43%). 

Synthesis of p-Carboxydiphenylmethylarsine.—Benz-p-arsinic acid, 
CO,H:C,H,’As(OH),. p-Nitrobenzoic acid was reduced to p-amino- 
benzoic acid, and the latter converted into benz-p-arsonic acid 
(Lewis and Cheetham, J. Amer. Chem. Soc., 1921, 43, 2119). The 
latter acid (20 g.) and hydriodic acid of constant b. p. (12-5 c.c.) 
were dissolved in turn in hot water (300 c.c.), and the filtered 
solution maintained at 70° whilst subjected to a rapid current of 
sulphur dioxide for 1 hour. The solution was chilled and the 
precipitated arsinic acid filtered off, dissolved in sodium carbonate, 
and reprecipitated with dilute sulphuric acid. The benz-p-arsinic 
acid was now pure enough for synthetic work, but could be further 
purified by dissolving it in a large volume of boiling water, from 
which on slow cooling it separated in large colourless leaflets, which 
do not melt below 300° (Found: C, 36-95; H, 3-2. C,H,0,As 
requires C, 36-55; H, 3-1%). 

This compound was further characterised by warming it with 
concentrated hydriodic acid; and then adding alcohol until a clear 
solution was obtained. On slow cooling, benz-p-arsenious hydrozy- 
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iodide, CO,H-C,H,°As(OH)I, separated as a yellow powder, which, 
when washed with alcohol and water and dried, had m. p. 92—94° 
(Found : I, 37-0. C,H,O,1As requires I, 37-35%). 

p-Carboxyphenylmethyliodoarsine, AsMel(C,H,°CO,H). Finely 
powdered benz-p-arsinic acid (15 g.) was added to a solution of 
sodium hydroxide (9 g.) in water (18 c.c.). When solution was 
almost complete, methyl alcohol (90 ¢.c.) and methyl iodide (6 c.c.) 
were added, and the mixture was kept under reflux without heating 
for 2 days. The solution was filtered to remove a brown sludge, 
and then evaporated to about one-third of its original bulk. A 
mixture of approximately equal volumes of dilute hydrochloric acid 
(1:1 by vol.) and concentrated potassium iodide solution was 
added to the cold residue until the latter was just acid, and a 
vigorous current of sulphur dioxide then passed through the chilled 
product. The heavy brownish-yellow precipitate was filtered off, 
washed with an aqueous solution of sulphur dioxide, dried, and 
recrystallised from benzene and then from methyl alcohol. The 
canary-yellow crystalline iodo-arsine thus obtained shrank at 165° 
and melted at 173—175° (decomp.) (Found: C, 28-5; H, 2-4; 
I, 37-8. C,H,O,IAs requires C, 28:4; H, 2-4; I, 37-55%). 

p-Carboxydiphenylmethylarsine, AsSMePh(C,H,°CO,H). To obtain 
this compound from the iodo-arsine, the latter must be treated 
with at least 4 equivs. of phenylmagnesium bromide, otherwise 
much remains unchanged. The Grignard reagent, prepared by the 
action of bromobenzene (19-0 c.c.) on magnesium (4-4 g.) in ether 
(250 c.c.), was cautiously added with shaking to a fine suspension 
of the iodo-arsine (15 g.) in anhydrous benzene (100 c.c.). The 
first few drops of the Grignard reagent caused the arsine to dis- 
solve, but the solution rapidly gave a yellow precipitate, presumably 
an additive product of the magnesium compound and the arsine. 
The final mixture was boiled under reflux for 30 minutes, the ether 
then distilled off, and the boiling of the benzene continued for 
another 3 hours. The product was then evaporated to dryness in 
an open dish, finely powdered, mixed with cold water, and filtered. 
The residue was washed with much dilute sulphuric acid, then 
with water, and dried. Recrystallisation from benzene gave the 
arsine as white crystals, m. p. 155—157°, which, when heated at 
110° in a vacuum, sublimed unchanged as colourless needles (Found : 
C, 57-9; H, 4:5. C,,H,,0,As requires C, 58-3; H, 45%). 

Action of Chloramine-T on p-Carboxydiphenylmethylarsine.—A 
solution of the arsine (2 g.) in hot alcohol (20 c.c.) was added: to 
one of chloramine-T (1-9 g.) in alcohol (40 ¢.c.), sodium chloride 
being rapidly precipitated. The solution was boiled under reflux 
for 2 hours, filtered, and evaporated to half-bulk. On cooling, a 
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copious white precipitate formed: this was filtered, washed with 
ether and water, dried, and recrystallised from ethyl alcohol. The 
white crystalline p-carboxydiphenylmethylarsenoxide, when finally 
dried by heating at 110° in a vacuum, had m. p. 272—273° (Found : 
C, 55-0; H, 4-1. C©,,H,,0,As requires C, 55-3; H, 4:3%). 

Action of Chloramine-T on Phenyldimethylarsine.—Several experi- 
ments were carried out in which these substances were mixed in 
either alcoholic or acetone solution. Boiling gave the usual pre- 
cipitation of sodium chloride: when this was filtered off and the 
solution evaporated, a heavy viscous syrup was obtained. The 
latter when placed in a vacuum for several days gave a brittle 
glassy solid, which, however, could not be recrystallised. The syrup 
was apparently unaffected by repeated washings with anhydrous 
ether, and therefore could not contain free p-toluenesulphonamide, 
which is freely soluble in ether. When, however, it was treated 
with water, an immediate separation of p-toluenesulphonamide 
occurred, and the aqueous filtrate was found to contain the free 
arsenoxide. It is probable, therefore, that the syrup contained an 
unstable hydroxy-sulphonamide of the tertiary arsine, which was 
immediately hydrolysed by water. The identity of the arsenoxide 
obtained from the aqueous filtrate was confirmed by a direct 
preparation. For this purpose an alcoholic solution of phenyl- 
dimethylarsine was treated with concentrated aqueous hydrogen 
peroxide solution, and the mixture slowly evaporated until a syrup 
was obtained. The latter when placed in a vacuum over phosphoric 
oxide gave an extremely deliquescent, brittle, white solid. The 
only suitable solvent for recrystallisation was boiling xylene, from 
which the phenyldimethylarsenoxide separated in heavy colourless 
crystals, m. p. 159—161°. The recrystallisation and the subsequent 
filtration must be performed rapidly (Found: C, 48-1; H, 5-5. 
C,H,,OAs requires C, 48-5; H, 555%). 

Phenyldiethylarsinehydroxy-p-toluenesulphonamide (as X).—The 
arsine (5-1 g.), dissolved in acetone (20 c.c.), was added to a solution 
of chloramine-T (6-8 g.) in hot acetone (170 c.c.). After an hour’s 
boiling under reflux, the sodium chloride was filtered off, and the 
solution evaporated to small bulk. The solid product, when twice 
recrystallised from benzene, gave the hydroxysulphonamide as white 
crystals, m. p. 100—103° (Found: C, 51-2; H, 6-1. C,,H,,O,NSAs 
requires C, 51-4; H, 6-1%). 

Phenyl-(8-phenylethyl)methylarsine when boiled in alcoholic 
solution with chloramine-T rapidly gave the usual precipitate of 
sodium chloride. When the latter was removed and the alcohol 
evaporated, there remained a thick syrup which could not be 
crystallised : treatment of the syrup with water caused the immediate 
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separation of p-toluenesulphonamide, the aqueous solution then 
containing apparently a very soluble arsenoxide. 

Action of Chloramine-T on Tribenzylarsine—Hot solutions of 
tribenzylarsine (5 g.) in alcohol (200 c.c.) and of chloramine-T (6 g., 
1-5 mols.) in alcohol (80 c.c.) were mixed, and boiled under reflux 
for 14 hours. The solution was filtered, evaporated to about 60 c.c., 
and allowed to cool, crystals of dibenzylarsonic acid then separ- 
ating. These, when filtered off, washed with water, and twice 
recrystallised from alcohol, had m. p. 210—213° (Found: C, 57:8; 
H, 5-1. Cale. for C,,H,,0,As: C, 57-9; H, 5-2%). The original 
filtrate was gently boiled, and then diluted with a little hot water ; 
cooling gave a heavy oil, which finally solidified. The solid product 
was filtered, and twice recrystallised from hot 50% aqueous alcohol : 
tribenzylarsenoxide was thus obtained, having m. p. 228—230° 
(Found : C, 69-2; H, 5-85. Cale. for C,,H,,OAs: C, 69-2; H, 5-8%). 

Chloramine-T thus provides a convenient method of preparing 
tribenzylarsenoxide of great purity, since Michaelis and Paetow 
(Annalen, 1886, 233, 60) give m. p. 219—220°. If the arsenoxide 
alone is required, it is best to work in aqueous solution. For 
instance, a solution of chloramine-T (4-8 g.) in hot water (700 c.c.) 
was added to finely powdered pure tribenzylarsine, and the mixture 
boiled for 14 hours, by which time it was clear. The solution, 
when allowed to cool slowly, deposited long needles of the arsenoxide 
(2:7 g.), again of m. p. 228—230°. 

Derivative of Triphenylarsine and Chloramine-T .—In the original 
description of the preparation and properties of this compound 
(Mann and Pope, loc. cit.), it was stated that, although consistent 
analytical values for carbon could not be obtained, the values for 
other elements corresponded to the formula (XIII), 1.e., to 
C57H,g0,N,S,As.. Many preparations have since been carried out 
always giving the same compound, melting sharply at 175—176°. 
Repeated analyses for carbon again failed to give consistent values, 
in spite of all the experimental precautions taken: analyses for 
hydrogen, nitrogen, sulphur, and arsenic, however, always gave 
consistent values in complete agreement with the above formula. 
The molecular weight, as found by the ebullioscopic method, was : 
in ethylene dibromide, 399; toluene, 391; acetone, 284; chloro- 
form, 280; acetonitrile, 221; benzonitrile, 211; alcohol, 196. 
These values represent the mean of several determinations, but 
the results for each solvent varied over very narrow limits. 
C;,H,30,N,8,As, requires M, 1122; dissociation into 3 units gives 
an apparent molecular weight of 374; into 4 units, 280; into 
5 units, 224. 

When benzene solutions of triphenylarsine dihydroxide and 
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p-toluenesulphonamide were mixed and boiled under reflux, this 
compound was again formed, and, being much less soluble in boil- 
ing benzene than the other hydroxy-sulphonamides, crystallised 
out during the operation unless the solution was very dilute. Its 
identity with the former compound was confirmed by mixed m. p. 
determinations, and by analyses for nitrogen, sulphur, and arsenic. 
It is also far more soluble in boiling water than the other compounds 
investigated, and recrystallises well provided not more than 0°8 g. 
be taken in 100 g. of water. 

When a cold alcoholic solution of the substance was treated with 
picric acid, a crystalline precipitate of triphenylarsine hydroxy- 
picrate rapidly separated; m. p. 166—167° (decomp.), unchanged 
by admixture with the picrate obtained directly from triphenyl- 
arsine dihydroxide. Steinkopf and Schwen (Ber., 1921, 54, 2800) 
give the m. p. of the hydroxy-picrate as 162—163°. 

For hydrolysis, the finely powdered compound was triturated in 
& mortar with cold 15°% aqueous sodium hydroxide solution. The 
bulk of the material diminished considerably, and after a few 
minutes the whole set rapidly to a thick cream. This was filtered 
off, and the solid residue well washed with sodium hydroxide solu- 
tion and then with water. The filtrate was treated with hydro- 
chloric acid, which rapidly precipitated p-toluenesulphonamide. 
The solid residue was dried and recrystallised from benzene. The 
crystals so obtained softened at 110—115°, and melted at 190— 
192°, and were evidently triphenylarsine dihydroxide. Their 
identity was confirmed by confinement in a vacuum over phosphoric 
anhydride for two days, whereby they were converted by dehydr- 
ation into triphenylarsenoxide, m. p. 191—193° (Found: C, 66-8; 
H, 4-7. Cale. for C,;,H,,OAs: C, 67-1; H, 4:7%). 

Triphenylarsinehydroxybenzenesulphonamide.—Solutions of  tri- 
phenylarsine (5 g.) and benzenesulphonchlorosodioamide (3-9 g.), 
each in hot alcohol (45 c.c.), were mixed and boiled under reflux 
for one hour. The solution was filtered from sodium chloride, and 
then gently evaporated until the residue solidified on cooling. The 
product was washed with ether, and then recrystallised first from 
alcohol and then from benzene, giving the hydroxysulphonamide as 
white crystals, m. p. 151—153° (Found: C, 60-0; H, 4:6; 8S, 6-6. 
C.,4H..NO,SAs requires OC, 60-1; H, 4:6; 8, 6-7%). The compound 
is slightly soluble in boiling water, and separates from very dilute 
solution on slow cooling in long needles. If the hot solution is 
nearly saturated, or is rapidly cooled, the material separates as an 
emulsion which finally deposits an oil. 

The following two preparations were carried out by Dr. H. 
MeCombie and Mr. A. C. P. Lunn. 
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‘* 88. Dihydroxydiethylsulphine-p-toluenesulphonylimine, 

(C,H,"OH),S+>N-SO,-C,H,Me,H,0. 
—Aqueous solutions of thiodiglycol and chloramine-T (1 mol.) were 
mixed and kept at room temperature for 1 day. The solution was 
then evaporated under reduced pressure on a water-bath to a syrup, 
which solidified on cooling, and when recrystallised from chloroform 
containing a trace of alcohol, gave the above sulphilimine as white 
crystals, m. p. 86—88°. Further recrystallisation from acetone did 
not alter the m. p. or the composition (Found: C, 42-65; H, 6-1. 
C,;H,50;NS, requires C, 42-7; H, 61%). A solution of the 
sulphilimine in hot benzene was unaffected by the addition of a 
fragment of calcium carbide, indicating an absence of true water 
of crystallisation. 

68’ -Dthydroxydiethyl Sulphoxide.—Thiodiglycol dissolved in acetone 
was treated with a concentrated solution of hydrogen peroxide in 
aqueous acetone. The temperature rose rapidly, but by external 
cooling was not allowed to exceed 50°. The excess of peroxide was 
finally destroyed by colloidal platinum, and the solution evaporated 
under reduced pressure on a water-bath. The solid product was 
then recrystallised from alcohol, and the sulphoxide obtained in 
heavy white needles, m. p. 110—111° (Found: C, 34-5; H, 7-2. 
C,H,90,5 requires C, 34-6; H, 7-3%).” 

Many experiments were carried out in which equimolecular 
quantities of the sulphoxide and of p-toluenesulphonamide were 
heated in alcoholic and in acetone solutions, but no indication of 
combination was obtained, the two components being subsequently 
isolated unchanged. It was thought that the addition product 
might have been unstable at the temperature of the boiling solvents, 
although this was unlikely in view of the recorded recrystallisation 
of the sulphilimine. Similar mixtures were therefore dissolved at 
room temperature in alcoholic acetone, and the solvent allowed to 
evaporate spontaneously: again no sign of combination was 
obtained. Alternatively, the finely powdered mixture of sulph- 
oxide and sulphonamide was heated without a solvent to 110—115°, 
and the resultant liquid maintained at this temperature for 30 
minutes. When the product was allowed to cool and crystallise, 
however, no sign of chemical change could be detected. 

Action of Benzenesulphonchlorosodioamide on Thiodiglycol.— 
Initial experiments in which the two substances were allowed to 
react in hot alcoholic solution showed that the sulphide was merely 
oxidised to the sulphoxide, with the formation of benzenesulphon- 
amide. To check this oxidation if possible, a much lower temper- 
ature was used, and for this purpose aqueous solutions had neces- 
sarily to be employed. Cold solutions of the sulphide (5-6 g.) and 
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the chloro-amide (10-8 g.), in 50 c.c. and 100 c.c. of water respectively, 
were mixed, and the temperature kept below 14° by external cool- 
ing. White crystals rapidly separated, and after 4 hours were 
filtered off, washed with water and dried: they then had m. p. 
150—152°, and were proved to be benzenesulphonamide (mixed 
m. p.). The original filtrate was then concentrated by evaporation, 
first at low temperature and strongly reduced pressure, and then 
in a desiccator to a thick syrup containing crystals of sodium 
chloride. When this syrup was recrystallised from much boiling 
acetone, thiodiglycol sulphoxide, m. p. 110—113°, was obtained, 
and again identified by mixed m. p. determinations. 

Diethylsulphinebenzenesulphonylimine (as V1).—Diethyl sulphide 
(4-8 g.) was added to a cold solution of benzenesulphonchlorosodio- 
amide (18-9 g., 1-5 mols.) in water (200 c.c.). The mixture when 
shaken became warm, and white crystals rapidly separated. The 
product, after being shaken for 6 hours, was filtered, washed with 
water, dried, and recrystallised from alcohol. The sulphilimine 
was then obtained in white crystals, m. p. 114—116° (Found: 
N, 5-75; 8, 26-4. C,9H,,0,NS, requires N, 5-7; 8S, 26-15%). 
The same product was obtained when the reaction was carried out 
in hot alcoholic sclution. 

Methylethylsulphinebenzenesulphonylimine.—The preparation of 
this compound was precisely similar to that of the previous sub- 
stance, although the product did not separate so rapidly from 
aqueous solution. Recrystallisation from benzene gave the sulphil- 
imine as colourless crystals, m. p. 92—94° (Found: N, 6-3; 8, 28-0. 
CyH,,0,NS, requires N, 6-1; 8, 27-79%). 


The author’s sincere thanks are due to Dr. H. McCombie for his 
permission both to publish the preparation of the dihydroxydiethy] 
sulphoxide and sulphilimine, and to continue the investigation of 
their properties. He is also indebted to Dr. E. E. Turner for the 
phenyl-(8-phenylethyl)methylarsine used in this investigation, and 
to Mr. W. 8. Hughes for the conductivity measurements. 
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127. Some Physical Properties of the Hydrides of 
Selenium and Tellurium. 


By Percy Lucock Rogpryson and WitLt14aM ERRINGTON SCOTT. 


Certain of the physical properties of the hydrides of selenium and 
tellurium do not appear to have been measured, and the values for 
others are in evident need of amendment. In particular, data for 
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the surface tensions, to which considerable interest attaches since 
the parachors of the elements have been deduced exclusively from 
carbon compounds, were lacking but have now been provided. 
Former determinations of density consisted in isolated data at one 
temperature, Forcrand and Fonzes-Diacon (Ann. Chim. Phys., 1902, 
26, 265) giving d 2-57 for hydrogen telluride at —20° and d 2-12 for 
hydrogen selenide at its b. p. (—42°), and Bruylants (Bull. Acad. 
roy. Belg., 1920, 6, 472) giving d® 2-65 for the former. A re-examin- 
ation of this property was desirable, particularly in order to obtain 
data for the coefficients of expansion of both hydrides, since the first 
two workers state this to be negligible for hydrogen telluride between 
—30° and —10°. Also, the m. p. and b. p. of the two hydrides have 
been re-determined. 

By utilising the experimental results now obtained, certain physi- 
cal properties of the hydrides of this group are compared (see p. 978). 


EXPERIMENTAL. 


The hydrides of selenium and tellurium were prepared by the 
action of dilute hydrochloric acid on aluminium selenide and tellur- 
ide, formed by direct combination of the two elements (Dennis and 
Anderson, J. Amer. Chem. Soc., 1914, 36, 882), the apparatus used 
being similar in general form to that employed by Moser and Ertl 
(Z. anorg. Chem., 1921, 118, 269). The telluride was prepared from 
tellurium which had been separated from the traces of selenium 
which it contained by the method described by the latter authors, 
except that in the final stage it was not distilled, but kept molten for 
some time in a stream of hydrogen. 

Hydrogen, prepared from arsenic-free zinc, and freed from 
oxygen by passing over heated platinised asbestos, was passed 
through the apparatus for 2 hours before the reaction was commenced, 
and was subsequently employed to carry forward the resulting 
hydride. 

The gases evolved were passed over calcium chloride and phos- 
phoric oxide before being condensed in a vessel cooled by liquid 
air, the outlet from which was protected against diffusion of atmos- 
pheric moisture by a guard tube of phosphoric oxide. 80 G. of 
aluminium telluride yielded about 2 c.c. of liquid hydrogen telluride, 
and 60 g. of the selenide about 20 c.c. of liquid hydrogen selenide in 
about 3 hours. The solid hydrides were sealed off in the condensing 
vessels in an atmosphere of hydrogen, and preserved at the tem- 
perature of liquid air until required. By breaking the sealed tip of 
the vessel in pressure tubing, the contents were transferred, via 
a drying tube of phosphoric oxide, to a train carrying surface-tension 
and density vessels connected to the pump. After complete 
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evacuation of the system, the hydride being cooled in liquid air, the 
solid was allowed to melt under its own pressure, and the system 
re-evacuated in order to remove adsorbed hydrogen. (The heat of 
vaporisation of these hydrides is so great that the liquid at once 
solidifies if the vapour be removed either by pumping or by cooling 
any part of the system with liquid air.) A head fraction was then 
removed, and the middle fraction distilled into the surface-tension 
and liquid density apparatus. 

The telluride crystallises as a perfectly white snow-like solid which 
melts to a colourless liquid. The coloration mentioned by previous 
workers was not observed below —20°, but above this temperature 
the liquid became faintly yellow. The material up to that time had 
been exposed to daylight which had passed through four layers of 
glass and 4 cm. of methylated spirit. 

The selenide under identical conditions shows no visible coloration 
at 0°. 

Inquid Density.—The vessel used consisted of a thick-walled bulb 
connected to a capillary tube. After being filled to an appropriate 
point with liquid, the vessel was sealed off from the train under a 
vacuum. The heights of the liquid, relative to a datum line on the 
stem, were measured by means of a cathetometer reading to 0-02 mm. 
at a series of known temperatures. The vessel and contents were 
then weighed, the sealed tip of the capillary tube broken (care being 


taken to avoid loss of glass), and the hydride allowed to escape. . 


After being cleaned and dried, the glass was weighed, and subse- 
quently the volume of the bulb and calibration of the stem were 
ascertained by filling with various quantities of water, measuring 
the heights in the tube at a known temperature, and weighing. 

The rapid decomposition of the tellurium hydride above 0° made 
it imperative to determine both its liquid density and its surface 
tension, substantially below this temperature. With selenium 
hydride, the considerable vapour pressure at 0° made a similar 
precaution advisable. For this purpose, a bath of cooled methylated 
spirit, contained in a clear-walled cylindrical Dewar vessel of 1} 
litres capacity, 30 cm. high and 11 cm. external diameter, was used. 
This bath was constantly stirred, the rate of increase in temper- 
ature being approximately 1° in 5 mins. at —40°, and much 
slower at higher temperatures. Readings were taken in various 
positions to minimise the possible effect of irregularities in the glass 
walls, 

Table I gives the densities of the liquid hydrides over the range of 
temperature considered, and the results are plotted in Fig. 1. The 
mean density of the selenide is 1-961 g./c.c. at —27°, and the co- 
efficient of expansion 0-00167 between this temperature and 0°; 
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the corresponding values for the telluride are 2701 g./c.c. at —17:7°, 
and 0-00136 between —17-7° and —3-3°. 
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TaBLeE I. 
Hydrogen telluride. Hydrogen selenide (specimen 2). 
Vol. (c.c.), Mass d Vol.(c.c.), Mass d 
Temp. corr. (g-). (g./e.ce.). Temp. corr. (g.).  (g./e.c.). 
—17-7° 03055 0-8253 2-701 —41-0° 0-3562 0-7130 2-003 
—12-1. 0:3079 00-8253 2-681 —28-7 0-3626 0-7130 1-966 
— 33 03115 0-8253 2-649 —21-6 0-3663 0-7130 1-946 
, : —11-4 03720 0-7130 1-917 
Hydrogen selenide (specimen 1). + 40 03801 0-7180 1-878 
—11-8 04779 00-9118 1-908 + 8-2 0-3837 0-7130 1-858 


— 6-0 04829 0-9118 1-888 

— 2:7 04858 00-9118 1-878 

Surface Tension.—The method of capillary rise was employed for 
the determination of surface tension, two tubes (D and F; data given 
by Mills and Robinson, J., 1927, 1823) being used. These were 
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supported in the usual form of vessel, which, after being filled with a 
suitable quantity of liquid was sealed off under a vacuum. The 
difference in level in the two capillaries was measured by means of 
the cathetometer already mentioned, the vessel being tilted before 
each set of measurements in order that they might be made on 
a falling meniscus. The surface tension y is given by y = 
r7o9(3h +- 1. —1,)(D — d)/6(r, — rq), d, the density of the vapour 
over the liquid, being calculated from the vapour-pressure curves 
of Stein (J., 1931, 2134). 

The results (Table IT) give a mean value for y for hydrogen selenide 
of 26-74 +. 0-05 dynes/cm. at —27°; with a temperature coefficient of 
0-165 dyne/cm. between —27° and 0°. The mean surface tension of 
the telluride is 36-35 + 0-05 dynes/em. at —28°, with a coefficient 
of 0-246 dyne/cm. between —28° and —4-6°. 


TABLE II. 
Hydrogen selenide. Hydrogen telluride. 
Spec. Temp.  y, dynes per cm. Spec. Temp. yy, dynes per cm. 

l —38°0° 28-49 1 — 28° 36°35 
l —29°0 27-00 1 —27-4 36-00 
l —28°0 26-96 1 —19-3 34°34 
l —19°0 25-93 1 —19-2 34-02 
l —170 25-54 1 —17-2 33-48 
1 — 70 23-55 1 — 16-0 33-44 
l — 46 23-43 1 —15-4 33-22 
2 —27-0 26-74 l —10-2 31-62 
2 — 24-5 25-42 1 — 6-0 30°45 
2 14-0 24-51 l - 5-6 30-74 
2 —12-6 24-32 ] - 4:6 30-59 
2 — §-2 23-02 1 4-2 30-50 
2 — 45 22-77 1 - 3-5 31-12 
3 + 0-0 22-29 2 + 2-0 29-49 
2 + 4-0 21-86 


Melting Point of Hydrogen Telluride —Ernyei (Z. anorg. Chem., 
1900, 25, 313) and Forcrand and Fonzes-Diacon (loc. cit.) have given 
the values —54° and —48° respectively. In the present work the 
vessel shown in Fig. 2 was used, the thermocouple being inserted in 
the sealed-in thin glass sheath. After being filled from the vacuum 
train with about 4 g. of material, the vessel was sealed off at A. 
Three values of the arrest given on the heating curve were —51-0°, 
—50-6°, and —51-7°. The variation is ascribed to the low thermal 
conductivity of the hydride. The mean value, —51-2°, is believed 
to be within + 1° of the truth. 

Boiling Point of Hydrogen Telluride.—This has been previously 
given as —1-8° (Bruylants), above 0° (Ernyei), 0° (Forcrand and 
Fonzes-Diacon), + 0-5° (Dennis and Anderson). A similar vessel to 
that described for the determination of the melting point was used, 
the liquid being allowed to boil at atmospheric pressure into an 
atmosphere of dry hydrogen. The decomposition of the material 
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is rapid at this temperature, and this may account for the fact (also 
observed by Dennis and Anderson) that the b. p.isnot sharp. That 
of the middle fraction of one specimen was —5-1°/774 mm., at which 
point the temperature remained within + 0-02° for 5 minutes; 
with material from a different preparation, —3-9°/752 mm. Evi- 
dently the b. p. is lower than that previously reported, being about 
—4° to —5°. 

The thermocouple used in these measurements was that already 
calibrated for a previous investigation (Pearson and Robinson, this 
vol., p. 652). 

Discussion of Results. 

The experimental results allow the parachors of hydrogen telluride 
and hydrogen selenide to be calculated, with the following results : 
H,Te, 115-7 at —28°, 115-2 at —4-6°; H,Se, 94-5 at 
—27°, 94-8 at 0°. Assuming covalent binding, and 
subtracting 34-2 for the parachor of the two hydrogen 
atoms, we obtain parachors of 81-5 and 81-0 for A 
tellurium, and 60°3 and 60-6 for selenium at the 
respective temperatures. The mean values for the 
two elements when present in compounds containing 
carbon are 79-4 (Burstall and Sugden, J., 1930, 230) 
and 62-5 (Henley and Sugden, J., 1929, 1058) respect- | 
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ively, with which the present results are in satis- 
factory agreement. Incidentally, the parachor of 
sulphur in hydrogen sulphide, as calculated from the 
surface-tension and density determinations of McIntosh and Steele 
(Z. physikal. Chem., 1906, 55, 136), which do not appear to have been 
used previously, is 47-76 at —84° and 47-45 at —62-2°, results 
which are again in close agreement with the accepted value for the 
element, viz., 48-2. 

The values for the Eétvés—Ramsay-Shields constants, given with 
certain other physical properties of the group in Table III, indicate 
that hydrogen sulphide is slightly associated, but that the telluride 
and selenide are normal liquids, presenting a marked contrast to 
water, for which the value is 1-4 and the temperature coefficient is 
considerable. 

An interesting point has arisen from an examination of the values 
of the surface tensions at the respective b. p.’s. These are very 
nearly identical in the case of the hydrides of sulphur, selenium, and 
tellurium (mean value 29-2 dynes/cm.), whereas that of water at the 
b. p., where it consists largely of dihydrol molecules, is about twice 
this figure, viz., 59. 

For analogous compounds of the same family of elements, if the 
period numbers of the elements are plotted against (1) the surface 
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Taste ITI. 
H,0. H,S. H,Se. H,Te. 
Critical temp. 366° 100-4° 137° 200° (calc.) 
B. p. 100° —60°5° —41-5° —4° to +1° 
M. p. 0° —83° —66° —6§1° 
Liquid density 0-958 0-967 2-004 2-650 
at b. p. 
Coeff. of ex- 70 174 167 136 
pansion x 10° (80—100°) (—84° to —62°) (—27° to —0°) (—18° to —3°) 
y at b. p. 589 28-7 28-9 30:0 
dy {dt 0-168 0-213 0-165 0-246 
(0° to 100°) (—84°to —62°) (—27° to —0°) (—28°to —4-6°) 
K (Eétvis- 1-42 (0°) 1-90 (—84°) 1-96 (—27°) 2-01 (—28°) 
Ramsay- 1:51 (80°)  1-91(—62°) 2-08 (0°) 2-00 (—4-6°) 
Shields) 
Trouton’s 25-9 21:8 20-4 16-7 
constant 
Molecular 53-1 (0°) 82-0 (—84°)  94:5(—27°) 115-7 (—28°) 
parachor 52-1 (100°) 81-7 (—62°) 94-8 (0°) 115-2 (—4-6°) 
Mean parachor 18-3 47-6 60-5 81-3 
of element 


tensions, at the respective b. p.’s, and (2) the boiling points, the forms 
of the two curves are similar, so that when the boiling points lie on 
a straight line the surface tensions also show a linear relationship. 
When there is an anomaly in the boiling point, brought about by 
association of the liquid, a corresponding inflexion occurs in the plot 
of surface tensions. In the hydrides and carbonyls of the oxygen 
family, for instance, straight lines are given by the boiling points and 
the surface tensions (extrapolated in all cases to the b. p.) of the 
latter (COSe, Pearson and Robinson, this vol., p. 652; COS, 
Pearson, Robinson, and Trotter, ibid., p. 660; CO,, Verschaffelt, 
** International Critical Tables ’’), whereas the lines for the hydrides 
are slightly inflected at hydrogen sulphide but radically changed in 
direction to the point for the highly associated water molecule (see 
Fig. 3).* 

Examination of available data in other compounds, some of 
greater complexity, appears to indicate that a similar rule obtains. 
The hydrides of the nitrogen family are of interest, for here a con- 
siderable fall is observed in the surface tensions from liquid ammonia 
to liquid phosphine. Unfortunately, however, the absence of 
surface-tension data for arsine and stibine does not allow of a full 
comparison being made, but the melting-point curve (Paneth and 
Rabinowitsch, Ber., 1925, 58, 1147) suggests that a similar relation- 
ship would be found, particularly as Trouton’s constant indicates 
some association for ammonia. 

Further work will probably show that this is a generalisation of 


* The surface tensions under consideration were measured at different 
pressures, but the alteration with pressure is insignificant (compare Lynde, 
Physical Rev., 1906, 22, 181). 
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fairly wide application and a method of detecting association. 
Moreover, this analogy between boiling point and surface tension at 
the boiling point allows Paneth and Rabinowitsch’s extrapolatory 
method (Joc. cit.) of estimating the b. p.’s and m. p.’s of compounds 
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of the sixth, seventh, and eighth periods to be extended to the 
surface tensions. 
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128. The Addition of Halogens to Unsaturated Acids 
and Esters. Part IV. The Rate of Addition of 
Bromine to Cinnamic Acid in Acetic Acid. 


By Davin MatrHEew WILLIAMS. 


Tue kinetics of the addition of bromine to ethylenic compounds has 
been hitherto studied only in non-hydroxylic solvents such as carbon 
tetrachloride and chloroform. Comparison of the velocity of reaction 
in these two solvents has shown that it is invariably more rapid in 
the latter (Williams and James, J., 1928, 343), and since this is a 
polar solvent (u = 1-0 x 10-48) the increased velocity has been ascribed 
to the effect of the solvent molecules. Evidence in support of this 
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idea is derived from the study of the gaseous reaction between 
ethylene and bromine, which is essentially a surface reaction and 
varies with the polarity of the surface (Norrish, J., 1923, 123, 3006). 
But it is significant that the addition of bromine to an ethylenic 
compound such as cinnamic acid in a non-polar solvent such as 
carbon tetrachloride and in a polar one such as chloroform is essen- 
tially an autocatalytic reaction (Williams and James, loc. cit.), the 
catalyst being apparently hydrogen bromide. It seems that the 
polar chloroform molecules only influence the catalysed reaction 
and are unable to cause reaction by their own effect. 

The velocity of addition to cinnamic acid in hydroxylic solvents 
such as water and alcohol is very much more rapid than in chloro- 
form, and that the solvent molecules take part in the reaction is 
proved by the formation of the bromohydrin and the bromo- 
ethoxy-compound respectively. There is no apparent reason, 
however, why the addition reaction should be so extremely rapid 
in comparison with that in chloroform. It seemed that information 
as to the cause of this reactivity could be obtained by studying the 
kinetics of the addition of bromine in a hydroxylic solvent. Acetic 
acid was chosen for this purpose : purified by the method of Orton 
and Bradfield (J., 1927, 983), it is not reacted upon by bromine at 
ordinary temperatures; further, the complications that would arise 
from the use of water and alcohol are avoided, since the addition 
of the acetoxy-group instead of the second bromine atom does not 
take place to a detectable extent. 

A preliminary experiment at 15° showed that the addition 
reaction in acetic acid is quite different from that in chloroform. 
It approximated very closely to a bimolecular reaction until about 
the half-way stage, but then it was obvious from the velocity con- 
stants that a second reaction was producing a catalyst so that the 
constants had an upward trend. This was more apparent at 18° 
and still more so at 20° and at 25°: the higher the temperature 
the greater was the amount of catalyst formed and the more the 
reaction deviated from the bimolecular type. The most probable 
side reaction is substitution either in the nuclear part of the cin- 
namic acid or, perhaps, in the solvent under the influence of the 
cinnamic acid. The hydrogen bromide formed in this way would 
then be the actual catalyst. To prove that this substitution occurred, 
the addition was followed at 18° in sealed tubes, more bromine 
being used than was equivalent to the cinnamic acid taken, and it 
was found that the reaction proceeded slowly beyond its theoretical 
end. Further evidence on this point was obtained when hydrogen 
bromide was added to the reaction mixture: the reaction was 
catalysed considerably and approximated very closely to the 
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bimolecular type. The efficiency of hydrogen bromide as a catalyst, 
however, is not so great in acetic acid as in carbon tetrachloride, 
and had it been used in the same concentration in the latter solvent 
the reaction would have been very much more rapid (compare the 
results of Williams and James, Joc. cit.). 

Thus the immediate production of hydrogen bromide is not 
sufficient to account for the fact that there is no inhibition period 
when the addition occurs in acetic acid. Neither does a comparison 
of the polarity of the two solvents, chloroform and acetic acid, as 
far as can be gathered from the dielectric-constant data for the 
latter, account for the absence of an inhibition period in this 
solvent. 

Owing to the difficulty of preparing and keeping pure acetic acid 
of m. p. 16-6°, an acid of m. p. 16-2°, corresponding to 0-2% of water, 
was used for this work. This small amount of water might have a 
very important effect on the reaction, and in order to investigate 
this, the addition was studied in acetic acid containing more water. 
When the water content is still small (0-7%), a reaction of a different 
type is observed, the values of the velocity constant calculated for 
a bimolecular reaction tending to diminish as the reaction proceeds. 
When the amount of water is considerably greater, the velocity is 
very much increased, and the decrease in the constant with time 
becomes very marked. Thus two facts have to be explained : 
(1) Why is the reaction velocity accelerated so much by the presence 
of relatively small amounts of water, and (2) why does the character 
of the reaction differ from that in the solvent when the amount of 
water is very small? A possible explanation was found from a 
study of the effect of hydrogen bromide on the reaction in aqueous 
acetic acid. It had a definite but not a very strong anticatalytic 
effect, and this is quite specific, since added hydrogen chloride, on 
the other hand, had a catalytic effect. It seems probable that the 
hydrogen bromide exerts its influence by disturbing the equilibrium 
Br, + H,O => HBr + HOBr, and that the really active catalyst in 
aqueous acetic acid is the hypobromous acid, although hydrogen 
bromide may also be a catalyst, like hydrogen chloride, but a much 
less efficient one. When the water content is very small, as in the 
acid of m. p. 16-2°, the effect of the added hydrogen bromide more 
than counteracts its effect on the equilibrium, but as the water 
content increases, its own effect does not counteract the retardation 
due to loss of hypobromous acid. The latter does not in this case 
react with the cinnamic acid, since its concentration is very small 
and the dibromide can be isolated in almost theoretical yield from 
such a solvent. 

The rapidity of addition reactions in hydroxylic solvents seems 
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idea is derived from the study of the gaseous reaction between 
ethylene and bromine, which is essentially a surface reaction and 
varies with the polarity of the surface (Norrish, J., 1923, 123, 3006). 
But it is significant that the addition of bromine to an ethylenic 
compound such as cinnamic acid in a non-polar solvent such as 
carbon tetrachloride and in a polar one such as chloroform is essen- 
tially an autocatalytic reaction (Williams and James, loc. cit.), the 
catalyst being apparently hydrogen bromide. It seems that the 
polar chloroform molecules only influence the catalysed reaction 
and are unable to cause reaction by their own effect. 

The velocity of addition to cinnamic acid in hydroxylic solvents 
such as water and alcohol is very much more rapid than in chloro- 
form, and that the solvent molecules take part in the reaction is 
proved by the formation of the bromohydrin and the bromo- 
ethoxy-compound respectively. There is no apparent reason, 
however, why the addition reaction should be so extremely rapid 
in comparison with that in chloroform. It seemed that information 
as to the cause of this reactivity could be obtained by studying the 
kinetics of the addition of bromine in a hydroxylic solvent. Acetic 
acid was chosen for this purpose : purified by the method of Orton 
and Bradfield (J., 1927, 983), it is not reacted upon by bromine at 
ordinary temperatures; further, the complications that would arise 
from the use of water and alcohol are avoided, since the addition 
of the acetoxy-group instead of the second bromine atom does not 
take place to a detectable extent. 

A preliminary experiment at 15° showed that the addition 
reaction in acetic acid is quite different from that in chloroform. 
It approximated very closely to a bimolecular reaction until about 
the half-way stage, but then it was obvious from the velocity con- 
stants that a second reaction was producing a catalyst so that the 
constants had an upward trend. This was more apparent at 18° 
and still more so at 20° and at 25°: the higher the temperature 
the greater was the amount of catalyst formed and the more the 
reaction deviated from the bimolecular type. The most probable 
side reaction is substitution either in the nuclear part of the cin- 
namic acid or, perhaps, in the solvent under the influence of the 
cinnamic acid. The hydrogen bromide formed in this way would 
then be the actual catalyst. To prove that this substitution occurred, 
the addition was followed at 18° in sealed tubes, more bromine 
being used than was equivalent to the cinnamic acid taken, and it 
was found that the reaction proceeded slowly beyond its theoretical 
end. Further evidence on this point was obtained when hydrogen 
bromide was added to the reaction mixture: the reaction was 
catalysed considerably and approximated very closely to the 
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bimolecular type. The efficiency of hydrogen bromide as a catalyst, 
however, is not so great in acetic acid as in carbon tetrachloride, 
and had it been used in the same concentration in the latter solvent 
the reaction would have been very much more rapid (compare the 
results of Williams and James, loc. cit.). 

Thus the immediate production of hydrogen bromide is not 
sufficient to account for the fact that there is no inhibition period 
when the addition occurs in acetic acid. Neither does a comparison 
of the polarity of the two solvents, chloroform and acetic acid, as 
far as can be gathered from the dielectric-constant data for the 
latter, account for the absence of an inhibition period in this 
solvent. 

Owing to the difficulty of preparing and keeping pure acetic acid 
of m. p. 16-6°, an acid of m. p. 16-2°, corresponding to 0-2% of water, 
was used for this work. This small amount of water might have a 
very important effect on the reaction, and in order to investigate 
this, the addition was studied in acetic acid containing more water. 
When the water content is still small (0-7%), a reaction of a different 
type is observed, the values of the velocity constant calculated for 
a bimolecular reaction tending to diminish as the reaction proceeds. 
When the amount of water is considerably greater, the velocity is 
very much increased, and the decrease in the constant with time 
becomes very marked. Thus two facts have to be explained : 
(1) Why is the reaction velocity accelerated so much by the presence 
of relatively small amounts of water, and (2) why does the character 
of the reaction differ from that in the solvent when the amount of 
water is very small? A possible explanation was found from a 
study of the effect of hydrogen bromide on the reaction in aqueous 
acetic acid. It had a definite but not a very strong anticatalytic 
effect, and this is quite specific, since added hydrogen chloride, on 
the other hand, had a catalytic effect. It seems probable that the 
hydrogen bromide exerts its influence by disturbing the equilibrium 
Br, + H,O == HBr + HOBr, and that the really active catalyst in 
aqueous acetic acid is the hypobromous acid, although hydrogen 
bromide may also be a catalyst, like hydrogen chloride, but a much 
less efficient one. When the water content is very small, as in the 
acid of m. p. 16-2°, the effect of the added hydrogen bromide more 
than counteracts its effect on the equilibrium, but as the water 
content increases, its own effect does not counteract the retardation 
due to loss of hypobromous acid. The latter does not in this case 
react with the cinnamic acid, since its concentration is very small 
and the dibromide can be isolated in almost theoretical yield from 
such a solvent. 

The rapidity of addition reactions in hydroxylic solvents seems 
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from the above argument to be due to an equilibrium XOH + 
Br, == HBr + XOBr, where both substances on the right-hand side 
of the equation are catalysts, and in ionising solvents hypobromous 
acid is a more efficient catalyst than hydrogen bromide. The choice 
of solvents with a high dielectric constant, and towards which 
bromine is quite inert, is so small that the actual effect of the solvent 
molecules on the reaction cannot at present be discussed; but, 
partially at least, the rapidity of addition in hydroxylic solvents 
must be due to the above equilibrium and the catalytic effect of 
the bromine compounds so formed. 


EXPERIMENTAL. 

Purification of Materials——The bromine was dried by sulphuric 
acid and then distilled from a mixture of potassium bromide and 
zinc oxide, the middle fraction being collected. The cinnamic acid 
was thrice recrystallised from carbon tetrachloride—alcohol. Acetic 
acid of m. p. 16-2° (water = 0:2%) was obtained by applying Orton 
and Bradfield’s oxidation method (loc. cit.) to ordinary acid which had 
been fractionally frozen three times, the only impurity then present 
in it being water. Finally, the acid was distilled with the amount 
of acetic anhydride required to react with the water present, as 
calculated from the freezing point, a small amount of §-naphthalene- 
sulphonic acid being added to catalyse the hydrolysis of the anhydr- 
ide. (Excess anhydride must be carefully avoided.) The acid so 
prepared was perfectly stable towards bromine at the temperatures 


Velocity Measuremenis.—All the velocity determinations for 
the slow reactions, i.c., those with a half-time reaction period 
exceeding 50 hours, were carried out in an all-glass reaction vessel, 
from which samples could be forced out into a weighing bottle 
containing a solution of potassium iodide by means of dry, carbon 
dioxide-free air. These samples were weighed and titrated against 
standard thiosulphate, starch being used as indicator and sodium 
acetate being added to decrease the acidity of the solution. An 
appreciable time was required for the thorough mixing of large 
volumes of reactants in the reaction vessel, and this would have 
caused considerable error in fixing the initial time for the rapid 
reactions. More accurate results could be obtained by mixing 
small equal volumes of the solutions of the reactants in bottles of 
brown glass, the reaction being stopped by addition of excess of 
potassium iodide solution. The contents were then washed out 
and titrated. Unless otherwise stated, all the experiments were 
carried out in a thermostat at 18°-+ 0-1° in a dark room. A trial 
experiment was done at room temperature (15° 0-5°). When 
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finding the effect of temperature on the reaction, thermostats at 
20° + 0-05° and 25° + 0-05° were used. 

The cinnamic acid and bromine solutions were of the same con- 
centration within 0-2%, in most cases M/30. The velocity constants 
could thus be calculated without any appreciable error according 
to the simplified equation k = x/ta(a — 2). 

The aqueous acetic acid used as solvent was prepared by weight, 
except that when the water content was 0-7% this was calculated 
from the lowering of the freezing point. Hydrogen bromide and 
hydrogen chloride were introduced into the reaction mixture by 
adding small volumes of concentrated solutions of the dry gases in 
the solvent. These volumes were measured from a burette graduated 














in 0-05 e.c. This small dilution factor had to be taken into account 


when calculating the velocity constant. 

Results.—The results are given in the following tables, where 
the time ¢ is expressed in hours, the change x in percentage reaction, 
a is the initial concentration of the reactants, and w the percentage 











I. II. III. 
T = 15°; a = M/53-3; | ‘T= 18°; a = M/60; T = 20°; a — M/605 
w = 0-2. w = 0-2. w= 0-2 
t. 2. k. t. %. k. 8. 2. B. 
45 5-07 0-620 23-0 18-60 0-594 23-0 22-56 0-762 
22-25 20-30 0-608 47-0 34-88 0-678 31-6 29-26 0-786 
46-25 34-65 0-613 72-0 46-27 0-714 47-0 38-79 0-810 
10-5 45-20 0-624 97-0 54-98 0-756 71-0 50-31 0-852 
119-0 58-35 0-629 120-0 60-99 0-780 97-3 61-03 0-966 
142-5 63-28 0-645 167-0 73:14 0-978 144-0 177-45 1-434 
IV. v. VI. 
T=25°;a=M/60; T=18°;a=M/60; T= 18°; a= M/60; 
w = 0-2. w = 0-69, w = 5-36. 
t. x. k. t. x. k. t. x. k. 
45 7-25 1-04 10-0 16:37 0-114 05 O71 129 
10-0 15-05 1-06 30-0 38-32 0-124 10 17-09 12-4 
23-0 30-79 1-27 54:5 53-37 0126 2:0 28-48 11-9 
470 52:53 1-41 71-0 69-44 0-124 40 41-81 10-8 
72-0 70:96 2:03 120-0 69-31 O-113 123 65-43 92 
800 76-64 2:46 1670 75-25 0-109 24-0 7567 7:8 
vi VII. Ix. 
T= 18°;a=M/60; T=18°;a=M/63;  T = 18°; a= M/63; 
w = 9-67 w = 0-2. w = 5-36. 
[HBr]/[Br,] = 2-90. [HBr]/[Br,] = 2-90. : 
t. x. k. t. x. k. t. x. k. 
0-167 11-81 48-2 4-0 15:32 2-87 08 7-67 654 
0-5 27-82 39-7 6-33 21-80 2-75 16 13-93 6-37 
15 9 44-44 «32-0133 37-26 2-83 3-0 22-53 6-09 
30 87-72 27-1 19-75 47-21 2-85 6-0 35:40 5-75 
10-0 76-65 19-7 23-75 65°04 3-25 10-0 47-03 5-59 
23:0 85:67 15:5 28:0 60-54 3-45 24-0 65:00 4-87 
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x. 
T = 18°; a= M/63; w = 5-36. [HCI]/[Br,] = 2-90. 

t. 2. R. 

0-2 8-11 27-8 
0-5 15-47 23°1 
0-8 21-28 21-3 
1-5 30-40 18-4 
3-6 45°74 14-7 
5-5 53-37 13-1 
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of water in the solvent. In series VIII, IX, and X, the effects of 
added hydrogen bromide and hydrogen chloride are shown. Only 
sufficient values of k are given to indicate how the main reaction 
is influenced by the side reactions, but all the experimental data 
for series II—VII are shown graphically in the figure. 


In conclusion, the author wiskes to express his gratitude to 
Professor T. C. James for much helpful advice and criticism during 
this investigation. 

Tue Epwarp Davies CHEMICAL LABORATORIES, 


UNIVERSITY COLLEGE OF WALES, 
ABERYSTWYTH. [Received, February 5th, 1932.] 
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NOTES. 


The Viscosities of Phosphoric Esters. By Davin Putuip Evans and 
WrtuiAmM Jacos JONES. 


TRITOLYL phosphate is extensively used as a plasticiser in com- 
mercial cellulose-ester lacquer work, and Littman (U.S.A. Pat. 
1,589,608, 17/10/1925), who was the first to prepare tributyl phos- 
phate, has introduced the latter ester for the same purpose. The 
present note gives the results of measurements of the viscosity of 
phosphoric esters. 

The densities of the alkyl esters employed have already been given 
(J., 1930, 1311); those of the tri-o-tolyl phosphate were d?" 1-17176, 
di” 1-16760, di” 1-16044, weighings being corrected to vacuum. The 
method and precautions employed were identical with those of 
Applebey (J., 1910, 97, 2000), except that the radius of the capillary 
of the Ostwald viscometer was rather greater, viz., 0-3 mm. instead of 
0-2 mm. By preliminary experiment it was established that the 
product of the mean pressure producing flow and the time of flow 
was constant throughout the conditions obtaining in the measure- 
ments of viscosity. The values taken for the viscosity of water 
were those given by Barr (‘‘ Monograph of Viscometry,” Oxford, 


1931, p. 308). 


Viscosity in centipoises. 





Orthophosphate. 20°. 25°. 30°. _ 85°. 40°. 
Trimethyl ............ 2-258 2-030 1-822 1-663 1-523 
eee 1-676 1-548 1-415 1-304 1-213 
Tri-n-propyl ......... 2-833 2-511 2-246 2-030 1-836 
Tri-n-butyl ......... 3-885 3-422 3-021 2-695 2-437 
Tri-o-tolyl ............ -— 86-64 61-00 -- 32-73 


It might be added that the lowest members of the fatty acids show 
&@ minimum viscosity, similar to that of the phosphoric esters, 
propionic acid being the most fluid (Gartenmeister, Z. physikal. 
Chem., 1890, 6, 524; Traube, Ber., 1886, 19, 1673).—Tarzm 
LABORATORIES, UNIVERSITY CoLLEGE, CaRDIFF. [Received, February 
lst, 1932.] 





The Baeyer—Drewsen Reaction. By Luonarp Eric Hinkex, Exnest 
Epwarp Ay.ine, and Wiit14m Henry Moraan. 


Tue Baeyer—Drewsen reaction for an o-nitrobenzaldehyde (Ber., 

1882, 15, 775, etc.) was utilised by Tiemann and Ludwig (ibid., p. 

3502) in proving the constitutions of the isomeric nitro-compounds 

formed by the nitration of m-hydroxybenzaldehyde and similarly 

by Pschorr and Sumuleanu (Ber., 1889, 32, 3405) for the o-nitro- 

derivatives of vanillin. In both cases, however, the methyl] ethers 
KK 
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of the compounds were employed in the actual tests. Ashley, 
Perkin, and Robinson (J., 1930, 395) record the ready formation of 
the dimethoxy-indigotin from the methyl ether of 6-nitrosalicylalde- 
hyde, but record no test with the nitrosalicylaldehyde itself. No 
reason appears to have been advanced by any of these workers for 
using the methy] ether of the nitrohydroxyaldehyde, although accord- 
ing to Sachs and Kantorowicz (Ber., 1906, 39, 2742) the property of 
forming an indigotin is possessed neither by the azo-derivative nor 
by the p-hydroxy-derivative of o-nitrobenzaldehyde, although the 
p-nitro- and p-halogeno-derivatives give the reaction. 

We have found that the presence of a m- or p-hydroxyl group in an 
o-nitrobenzaldehyde inhibits indigotin formation, since 6-nitro-3- 
hydroxybenzaldehyde, 2-nitro- and 6-nitro-vanillin do not give the 
reaction, whereas their methyl ethers do so readily. 

This inhibition of the Baeyer—Drewsen reaction by a hydroxyl 
group can be correlated with the presence of anionoid oxygen leading 
to the complete internal satisfaction of the electron demands of the 
carbonyl group and a minimum kationoid character of the carbonyl 
carbon atom, as has been done by Hodgson and Rosenberg (J., 1930, 
14) in the case of hydroxybenzaldehydes in the benzoin reaction. In 
the latter reaction alkoxybenzaldehydes give the condensation, com- 
paring with the ready indigotin formation with the methoxy-o- 
nitrobenzaldehydes, but whereas the introduction of a second group, 
as in p-benzyloxy-m-methoxybenzaldehyde, inhibits benzoin form- 
ation, two methoxy-groups, as in the o-nitroveratraldehydes, do not 
inhibit indigotin formation. 

Whilst Pschorr and Sumuleanu (loc. cit.) state that both 2- and 
6-nitroveratraldehydes yield indigotins, according to Pisovschi 
(Bull. Soc. chim., 1911, 2, 548), only the 2-nitroveratraldehyde does 
so (compare de Lange, Rec. trav. chim., 1926, 46, 50). We find, 
however, that both aldehydes yield the indigotin in the normal 
manner. De Lange (loc. cit.) also asserts that the experiments of 
Oelker (Ber., 1891, 24, 2594) show an anomaly to exist in the 
piperonal series, but Jones and Robinson (J., 1917, 114, 908) have 
shown that the compounds supposed by Oelker to be bromonitro- 
piperonals are in reality bromonitrocatechol methylene ethers, the 
aldehyde group having been displaced during nitration. 

The presence of two o-nitro-groups in a hydroxy-aldehyde appears 
to overcome the inhibiting power of the hydroxyl group, since 
2 : 6-dinitroisovanillin yields an indigotin normally. This elimin- 
ation of the effect of the hydroxyl group may be ascribed to the 
neutralisation of the electronic effects of the anionoid oxygen 
(+ I + T) by those of the two nitro-groups (— J — 7’) combined. 

The Baeyer—Drewsen reaction was performed as follows : A solu- 
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tion of the aldehyde (0-1 g.) in acetone (2 c.c.) was diluted with water 
(1—2 c.c.) and 2 or 3 drops of 4N-sodium hydroxide added. The 
mixture was heated, diluted with water (a few c.c.), cooled, and 
filtered to isolate the indigotin. In this way positive results were 
obtained with 2-nitro-, 6-nitro-, and 2 : 6-dinitro-3-methoxybenz- 
aldehydes, 2-nitro- and 6-nitro-veratraldehydes, and 2 : 6-dinitroiso- 
vanillin, and negative results with 6-nitro-3-hydroxybenzaldehyde, 
2-nitro- and 6-nitro-vanillin—University CoLLEGE oF SWANSEA, 
University oF WALES. [Received, January 16th, 1932.] 





The Chemical Behaviour of Ekatantalum. By OrvaLp GRaTIAs 
and Cart Howarp CoLiiz. 


Or late little use has been made, in the elucidation of the chemical 
behaviour of radioactive substances, of the ease with which small 
quantities of these elements can be detected and recognised. This is 
undoubtedly in great part due to the fact that, in general, the 
behaviour of very small quantities of a substance bears little relation 
to the reactions of the same substance in bulk. Thus one of the first 
known reactions of radium-Z is the readiness with which it volatilises 
in hydrogen (Russell and Chadwick, Phil. Mag., 1914, 27, 112); 
yet it would be untrue to say that the most characteristic reaction 
of bismuth was the ease with which it formed a hydride. We have 
found, however, that contrary to the generally accepted view, the 
properties of the element ekatantalum (best known as the single 
isotope protoactinium) can be satisfactorily studied with the 
relatively small quantities which can be extracted from 1 g. of 
pitchblende. 

The method of experiment was as follows. The protoactinium 
from a small quantity of pitchblende was concentrated free from 
other radio-elements with a few mg. of tantalum oxide by the 
method of Hahn and Meitner (Physikal. Z., 1919, 20, 529). The 
amount of protoactinium so separated was then measured by 
evaporating the solution of the oxides to dryness in a small, specially 
made platinum dish which could be slipped into the ionisation 
chamber of a valve amplifier (Collie, Proc. Roy. Soc., 1931, 131, A, 
541) by which the number of particles emitted by the protoactinium 
was registered on a counter. The ionisation chamber consisted of 
an insulated vertical brass cylinder which could be maintained at a 
potential of —800 volts relative to the internal electrode, which was 
insulated in a guard ring. The collecting electrode was connected 
to the grid of a resistance capacity amplifier of conventional design 
in which the last valve was of the mercury-vapour-filled type 
(B. T. H. Thyatron) and actuated a counter such as is commonly 
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used for registering telephone calls. The platinum dishes con- 
taining the preparations to be measured were placed on the base of 
the chamber through a simple rotary door. 

In the particular experiments to be’described, about 250 particles 
per minute were emitted, corresponding to about 10° g. of proto- 
actinium. The reactions of the oxide were then investigated in a 
straightforward way using the counter, instead of visual and gravi- 
metric methods, to detect the presence of the protoactinium ; on the 
whole, the reactions were very definite, but when the reaction was a 
balanced one the proportion which reacted could easily be deter- 
mined by direct counting. 

For the reactions studied, viz., fusions with potassium hydroxide 
and potassium hydrogen sulphate, and attack with hydrofluoric acid, 
the results obtained were in general the same as those recently 
described by Grosse (J. Amer. Chem. Soc., 1930, 52, 1742) using 
relatively large quantities (50 mg.) of the oxide. 

It is the purpose of this note to point out that the adoption of the 
sensitive radioactive method would enable a preliminary investig- 
ation of the properties of ekatantalum to be made without having 
first to isolate a weighable quantity of material_—CLARENDON 
LABORATORY, OxForD. [Received, November 23rd, 1931.] 





129. The Structure of the Isomeric Diamminoplatinous 
Chlorides. Discovery of a Third Isomeride. 


By Harry Dueatp Keira Drew, FrepEeric WittiamM PrINKarpD, 
Witt1am Warp.iaw, and (in part) Ernest Gorpon Cox. 


Tue problem of the structure of the isomeric diamminoplatinous 
chlorides is of particular interest because of its bearing both upon 
the stereochemistry of platinum and of quadrivalent atoms generally, 
and upon the constitution of the metal ammines. The interest of 
the problem is enhanced by the fact of its having withstood repeated 
examination during the past 85 years. A recent study of the 
isomeric compounds which diethyl sulphide forms with platinous 
chloride (Angell, Drew, and Wardlaw, J., 1930, 349) suggested to 
us the possibility of a fresh interpretation of the relationship among 
the diammino-compounds, and we have therefore re-examined these 
substances. In the present paper a new view of their structures is 
suggested. 

The first ammino-derivative of platinum was prepared by Magnus 
in 1828; but in 1845 it was recognised that there exist two quite 
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distinct diammines,* Pt(NH;),Cl,, wviz., (1) the «-dichloride, an 
almost white, usually only microcrystalline substance, prepared 
from the tetrammine by removal of two molecules of ammonia; 
and (2) the @-dichloride, which crystallises in yellow needles, is 
more soluble in water than its isomeride, and is obtained directly 
from chloroplatinous acid (or one of its salts) and ammonia. These 
two isomeric diammines are stable substances; they are inappre- 
ciably ionised in water, when freshly dissolved; and they give rise 
to two distinct series of derivatives. 

Early in the present work it became evident that there is a 
marked difference in the inter-relationship of the «- and 6-diammines 
as compared with that of the «- and 8-isomerides of the diethyl 
sulphide series, Pt(SEt,),Cl,. In the sulphine series, the isomerides 
can be intertransformed directly (by the use of solvents or by 
heating), and a mixture of the two isomerides may result as the 
product of a single reaction; in the diammine series, there is no 
direct intertransformation of isomerides, and a mixture of the two 
never results from a single reaction. Moreover, whereas the action 
of an excess of diethyl sulphide on the «-sulphine compound pro- 
duces the 8-sulphine compound when the excess of diethyl sulphide 
is subsequently eliminated, the action of an excess of ammonia 
upon the «- or 6-diammine produces a tetrammine which gives rise 
to the «-diammine when the excess of ammonia is subsequently 
removed. It will be seen later that there are also other minor 
differences of relationship in the two series; é.g., in the relative 
colours of the isomerides and in their behaviour towards moist 
silver oxide. The differences between these two series of apparently 
analogous substances have escaped sufficient recognition in the 
literature for reasons which will become apparent. — 

Numerous structures have been proposed for the isomeric 
diammines. Blomstrand and Cleve regarded both compounds as 
derivatives of bivalent platinum (I; II); but Jérgensen, who at 
one time accepted these formule, finally reversed them, (III; IV). 
Klason returned to the earlier formula (V) for the «-isomeride, but 
considered the f-isomeride to be a derivative of quadrivalent 
platinum (VI). Werner came to a fundamentally different con- 
clusion: he formulated the isomerides as trans- and cis-compounds 


* The literature of these substances has become very complex owing to 
the changes of nomenclature which arose from periodical alterations of view 
regarding structure. The a-dichloride has been referred to variously as 
“ Reiset’s chloride,’ the ‘‘platosammine chloride,’ the ‘“‘ 8-diammine 
chloride,’ and the ‘“‘trans-diammine’’; the f-dichloride as ‘ Peyrone’s 
chloride,”’ ‘‘ the platosemidiammine chloride,’’ “‘ the a-diammine chloride,” 
and “ the cis-diammine.’’ At times, however, some of the above designations 
have been interchanged among the two series of names. 
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of quadricovalent platinum, regarding the valencies as distributed 
in a plane (VII; VIII). Although there has never been any direct 
evidence in favour of this view, it has been supported by Hantzsch 
and by many others, and may be said to meet with general accept- 
ance at the present time. 


a-Dichloride. 8-Dichloride. 
NH,Cl NH,-NH,Cl 
PLCNH,Cl P< 
(I.) B. and C. (II.) B. and C. 
NH,-NH,Cl NH,Cl 
Pi<g * * Pt<CNH,Cl 
(III.) J. av.) J. 
NH,Cl _, -NH,Cl 
PtCNH,Cl H,N=Pt<(y 
(V.) K. (VI.) K. 
HN. ae HN... a 
oo” HN” = cl 
(VII.) hy (VIII.) W. 


We now find, however, that, when the «-dichloride is converted 
(by means of an alkali hydroxide or moist silver oxide) into a base, 
and this is neutralised with hydrochloric acid, a third dichloride, 
which may be called the y-dichloride, is produced. This substance 
forms yellow needles from water, in which it is not appreciably 
ionised, resembling in this respect the «- and @-dichlorides. The 
y-dichloride gives the same analytical figures as the «- and the 
6-dichloride; but examination of the crystalline form, minimum 
refractive index, X-ray crystal diagram, and solubility and con- 
ductivity in water, of each of the three substances showed that 
they are all distinct chemical individuals. This was confirmed by 
their chemical behaviour; for example, they may be transformed 
into three different thiocyanates. Lastly, the «- and the y-di- 
chloride, which are very closely related, cannot be merely different 
crystalline modifications of the same substance, since equivalent 
hot aqueous solutions differ in colour and deposit on cooling the 
individual substances originally dissolved. 

To determine whether the three dichlorides are isomerides or 
not, the molecular weights in boiling water were observed. Unfor- 
tunately the results, which indicated that all three substances are 
probably monomeric, were not entirely trustworthy owing to the 
sparing solubility of the «- and the y-dichloride. The uncertainty 
was increased by the tendency of the latter to become transformed 
into the former when boiled for some time with water. That the 
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8-dichloride, which is more soluble in water, is almost certainly 
monomeric, appears to be proved by the determinations in spite of 
the fact that slow decomposition of these dichlorides undoubtedly 
occurs in aqueous solution even in the cold, as is shown by the 
increase of conductivity with time; this decomposition did not 
seem to proceed far in more concentrated solutions, even at 100°, 
since all three dichlorides could be recovered unchanged, so far as 
microscopic examination revealed, from their solutions under the 
conditions of experiment. All three substances, indeed, are nor- 
mally purified from boiling water, and, apart from the not very 
rapid transformation of the y- to the «-dichloride, would normally 
be regarded as stable to the solvent. 

There is, however, considerable indirect evidence to show that 
the «- and the 6-dichloride are both monomeric, for certain of their 
analogues have already been shown to be monomeric; e.g., Hantzsch 
found that the «- and the 8-dipyridino-dichloride are both mono- 
meric in solution in phenol. It is true that, on the evidence of 
Reihlen, the «-diammino-dichloride is dimeric in anhydrous ammonia 
whereas the $-isomeride is monomeric; but ammonia is scarcely a 
suitable solvent for this purpose. The methods of preparation and 
the general chemical behaviour of the three dichlorides suggest 
strongly that all are monomeric; for, if not, unusually complex 
reactions would have to be assumed in many transformations. 
This is particularly true in respect of the conversion of the di- 
ammines into triammines and then into tetrammines by the simple 
addition of amine molecules, and of the reversion to diammines on 
removal of these amine molecules by acid; for the tetrammines 
are undoubtedly monomeric in aqueous solution. Further, the 
physical properties of the three dichlorides show a gradation which 
suggests uniform complexity, e.g., the solubility in water of the 
y-dichloride is intermediate between that of the a- and the 6.. 
Still more decisive appears to be the impossibility of devising any 
rational polymeric formula for a diammino-dichloride which is not 
already allocated to a known substance. The only possible poly- 
meric formule seem to be the following : 

[Pt(NH,),]PtCl,; [Pt(NH,),Cl],PtCl,; [Pt(NH;,),][Pt(NH3)Cl,], ; 

[Pt(NH,),Cl)[Pt(NH,)Cl,]. 
We have prepared all four corresponding substances, three of 
which are very well known; all have the properties of complex 
salts and are easily distinguishable from the diammino-dichlorides. 
The indirect evidence, therefore, seems to be decisively in favour 
of the monomeric character of the three dichlorides; and the 
y-dichloride must then be a third isomeride of the two already 


known. 
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The existence of a third isomeride greatly weakens Werner’s 
planar hypothesis as a complete explanation of isomerism in the 
series, because that hypothesis leaves room for a third isomeride 
only if the unlikely assumption be made that the four linkings to 
platinum are inclined at fixed angles which are not right angles, 
giving formule : 


HNxp, A! HNy,, H;Nxp, «NH, 
ci” NH, H,N7 cl ci” dl 
(a-.) (B-.) (y-.) 


The alternatives to this hypothesis are: (a) that both planar and 
tetrahedral forms occur; (6) that the isomerism is entirely structural 
and not spatial; or (c) that both spatial and structural types of 
isomerism occur among the three forms. 

In seeking to test these hypotheses we noticed differences in 
the chemical behaviour of the three isomerides which seem to be too 
marked to allow of a purely spatial interpretation. It was already 
known that, besides being different in colour and solubility, the «- 
and the #-isomeride behave quite differently towards hydrochloric 
acid. We now find that they also contrast sharply in their behaviour 
(i) towards caustic alkali or moist silver oxide, (ii) towards phenox- 
tellurine dibisulphate. With silver oxide, the «-dichloride gives, not 
an a-base, but the y-base; whereas the §-dichloride gives a true 
8-base. ‘The undoubtedly analogous «- and $-dipyridino-dichlorides 
give, on the other hand, «- and 6-bases respectively ; and, although this 
difference is readily explicable (see later), it somewhat weakens the 
argument forastructural differentiation of the diammino-compounds. 
Of the three diammino-dichlorides, only the £-isomeride gives a 
coloured complex with phenoxtellurine dibisulphate. Here again, 
however, the argument is complicated, because the colorations with 
phenoxtellurine dibisulphate given by the #-dipyridino- and by 
several other §-diammino-dichlorides are very feeble compared with 
that given by the @-diammino-dichloride, whilst the plato-salts of the 
tetrammines and even potassium or ammonium chloroplatinite 
afford intense colorations. This behaviour will be referred to again 
later. The third important chemical distinction between the «- and 
the @-diammino-dichloride is the long-known fact that only the 
latter reacts with N-hydrochloric acid, with which it readily gives 
Cossa’s ammonium salt. The distinction holds true for the pyridino- 
analogues also. 

It seems justifiable to conclude that the weight of evidence at 
present favours the view that the three diammino-dichlorides are 
structural isomerides. In that case, the three formule shown below 
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are the only ones which it is possible to construct (stereochemical 
implications being temporarily ignored) : 


HNyp, yNH, CIB3N\ 5, HNyp, /NH,Cl 
ca“ “Nol CIH,N” cl” 
(IX.) a-Dichloride. (X.) £-Dichloride. (XI.) y-Dichloride. 


To assign the three isomerides among these formule, it will be 
necessary to consider some of the foregoing chemical evidence in 
more detail : 

(a) The test with phenoxtellurine dibisulphate is made by rubbing 
a little of that salt with the substance under examination. As 
already stated, the @-diammino-dichloride at once develops an 
intensely purple colour, whilst the 6-dibromide and 8-di-iodide give 
colours of redder shades; but the «- and y-isomerides give no 
coloration. The -dipyridino-dichloride and several analogous 
8-dichlorides give less intense colorations, although certain other 
8-dichlorides do not react. In no case, however, has an «-dihalide 
been observed to give a coloration. 

It has been shown (Drew, J., 1926, 3054) that tellurides, selenides, 
and sulphides give similar purplish colorations with phenoxtellurine 
dibisulphate, the reaction being due in each case to the formation 
of an -ylium complex with the unsaturated metalloidal atom of the 
telluride or analogous substance, e.g. 


CH >Te<Sott 4+ TeR, —> Og Gi > Te-TeR, 
so, 80,H. 


Here again, not all tellurides, etc., give a coloured complex, but 
only those whose constitution is such that they are able toexchange an 
electron for the mobile anion of the dibisulphate. As a series, 
therefore, the @-diammino-dichlorides behave towards the reagent 
in a manner parallel to that of the tellurides, and it seems a fair 
assumption that their structures must be similar to those of the 
tellurides, i.e., that they are of the form PtR,. 

Of the three formulz (IX), (X), and (XI), only (X) is of this type, 
and it must therefore represent the $-dichloride. 

It appears to be a general rule that the plato-salts of the tetram- 
mines and of the triammines, and other similar salts, give colorations 
with phenoxtellurine dibisulphate, and this can be explained by 
regarding them as potential sources of monomeric PtCl, or other 
substance of this form; e.g., Magnus’s salt may be regarded as in 
equilibrium with its generators: [Pt(NH,),]PtCl, == Pt(NH;),Cl,+ 
PtCl,. In agreement, the salts of chloroplatinous acid give very 
deep, mri black, colorations with phenoxtellurine dibisulphate : 
KK 
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K,PCl, == 2KCl + PtCl,; whereas the salts of chloroplatinic acid 
and the diammino-tetrachlorides, like the derivatives of quadrivalent 
tellurium, give no colorations. Platinous chloride, as usually 
prepared, gives no reaction, and this material cannot therefore 
possess the simple structure. 

The test with $-Pt(NH,),Cl, is so sensitive that it enables the 
presence of traces of the $-dichloride to be detected in admixture 
with the «- and the y-isomeride, and we have accordingly employed 
it to examine whether, as several authorities (notably Klason) have 
claimed, intertransformation of the «- and the §-dichloride occurs 
spontaneously or in warm aqueous solution. As already stated, 
intertransformation never occurs, the deepening of colour of the 
«-dichloride in hot aqueous solution being due probably to the 
generation of a small proportion of the y-form. 

(6) The platinous diammino-dichlorides react much more slowly 
with moist silver oxide than do the diethyl sulphide derivatives, 
perhaps because of their sparing solubility in water, and it is desirable 
to heat the mixture to cause interaction. The $-isomeride gives a 
8-base (XII), in the form of a hygroscopic yellow glass, soluble in 
water to an alkaline solution; the base absorbs carbon dioxide and 
neutralises halogen acids with formation of $-dihalides; with organic 
acids, also, it gives 6-derivatives [e.g., the 6-oxalate (XIII)] which 
regenerate the @-dichloride when treated with hydrochloric acid. 

HO-H,N OC-0-H,N. 

(XII.) HO-HN>?t rs O-HN>?* (XIII.) 
The «-isomeride, however, gives the same base as the y-isomeride ; 
and this must be the y-base (XV), since it yields the y-dichloride 
when neutralised by hydrochloric acid. It is suggested that the 


change is initiated by the removal of a molecule of hydrogen chloride, 
the hydrogen atom being furnished by one of the ammonia residues : 


HNy p, “Ns _ yo, HsNup, ZNH, Ortrorvistio HANy |, /NH;’OH 
vw Na — ond ion xq)" ; 
(XIV.) (XV.) 
the intermediate compound (XIV) would thus contain a semipolar 
triple bond. This theory is supported by the observation that in the 
dipyridino-series, where there is no hydrogen attached to nitrogen, 
no y-base occurs. The -dichloride gives a glassy 6-base, Pt(py-OH), ; 
PYNp,¥PY . 
HO”. SoH’ in the 
form of asbestos-like, hydrated needles. This substance, which, 
in striking contrast to the §-base, is comparatively sparingly soluble 
in water to a solution only feebly alkaline, regenerates the «-dichloride 


whilst the «-dichloride gives a true «-base, 
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with hydrochloric acid. It is possible, but not yet certain, that the 
corresponding true «-diammino-base occurs as a by-product in the 
preparation of the y-base. 

The action of aqueous caustic soda or potash upon the three 
isomeric diammino-dichlorides is similar to that of silver oxide, but 
the 8-base appears to be readily further changed by the hot reagent. 
Aqueous caustic alkalis do not react appreciably with «- or 6- 
Pt py,Cl,, probably because the soluble alkali chloride has here a 
more pronounced effect in reversing the reaction owing to the 
insolubility in water of the dipyridino-dichlorides. 

The foregoing reactions make it clear that the «-diammino-di- 
chloride must have formula (IX), leaving (XI) for the y-dichloride. 
These formule exhibit the close relationship which exists between 
the two substances, and, as will be seen in the following paper, they 
also offer a reason for the non-conversion of the y- to the 6-dichloride. 

In the dipyridino-series, the $-dichloride is very much less soluble 
in organic solvents (e.g., chloroform) than is the «-dichloride, 
suggesting that the former has a greater tendency towards polar 
character. The structures given [compare (X) and (IX)] are com- 
patible with this behaviour, because the halogens may be assumed 
to have a greater tendency (however small this may be) to ionise 
from nitrogen than from platinum. 

It is an interesting fact that 6-diammines cannot be prepared from 
tertiary aliphatic amines, of which the salts are strong electrolytes, 
only platinous oxide and the hydrochloride of the amine resulting. 
This behaviour supports our conclusion that the 6-diammines contain 
halogen attached to nitrogen with only an extremely feeble tendency 
to ionise. 

Diammine Tetrahalides.—The «- and the 6-dichloride each unite 
with two further chlorine atoms to give respectively the well-known 
a- and §-tetrachlorides, which are not-intertransformable; the «- 
tetrachloride is tetragonal; the @-tetrachloride, monoclinic or ortho- 
rhombic. The y-dichloride gives on chlorination the «-tetrachloride. 
It has been shown by Jérgensen, Tschugaeff, and others that each 
of the tetrachlorides gives back on reduction the particular dichloride 
from which it was originally formed ; it follows, therefore, that if the 
«- and the $-dichloride are structural isomerides, the tetrachlorides 
are structural isomerides also. The view which we have suggested 
leads to the formule : 

Cl 
H,Ny! NH, am 
co} Nc Pe <a 
1 


(XVI.) a-Tetrachloride. (XVII.) §-Tetrachloride. 
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Whether a planar or a tetrahedral structure be adopted for the 
«-dichloride, an octahedral structure must be assigned to the «- 
tetrachloride, whereas, with the suggested formulation (X) for the 
8-dichloride, the $-tetrachloride may be either tetrahedral or planar. 
At present the available evidence is insufficient to warrant a decision 
between these possibilities. An investigation of the dichlorodi- 
bromides yielded no additional information. The action of bromine 
on «-diamminoplatinous dichloride gave thesame product, apparently 
«-Pt(NH,),Cl,Br,, as that of chlorine on the corresponding dibromide, 
a result which would be expected whether the «-dichloride be planar 
or tetrahedral. Similar reactions with the $-dichloride gave the 
same product in each case, apparently @-Pt(NH,),Cl,Br,. Either 
on the formulation of the $-dichloride here suggested or on that put 
forward by Werner, there is a possibility of the occurrence of two 
distinct 8-dichlorodibromides unless a rearrangement of groups takes 
place. The non-occurrence of these isomeric £-tetrahalides is to be 
attributed to the fact that the reactions have to be carried out in 
aqueous solution, in which medium there is sufficient interchange of 
halogens to give rise to the same (the more stable) form in each case 
or else to mixtures of the tetrachloride and tetrabromide. The 
probability of such interchange of halogens follows from the results 
of Schlesinger and Palmateer (J. Amer. Chem. Soc., 1930, 52, 4316), 
as well as from the known interactions in aqueous solution of the 
a- and the §-dichloride with alkali bromides and iodides. It must 
be concluded that a study of the products with mixed halogens is of 
value only when, as is the case in the sulphine series, non-ionising 
organic solvents can be used. 

The formulations proposed in the present paper enable several 
well-known reactions to be interpreted in a simplified manner : 

(a) The action of ammonia upon potassium or ammonium chloro- 
platinite yields a mixture of the @-diammino-dichloride and Klason’s 
compound, PtNH,Cl,. One and then a second molecule of ammonia 
becomes inserted between platinum and attached chlorine atoms, 
these being the only points of the molecule open to attack by co- 
ordinating groups; each of the resulting complexes then loses two 
molecules of alkali chloride : 


K,Ptcl, +™8) K,Pt(NH,Cl)Cl, —*2 Pt(NH,Cl)Cl 
K,Ptcl, + 2%"2 K,Pt(NH,Cl),Cl, 292 Pt(NH,Cl).. 


This accounts for the fact that «-dichlorides never result from such 
reactions. The loss of only one molecule of potassium chloride from 
the complex K,Pt(NH,Cl)Cl, gives Cossa’s potassium salt, 

















C 


[ 


























THE ISOMERIC DIAMMINOPLATINOUS: OCHLORIDES. 997 


KPt(NH,Cl)Cl,, which is in all probability an intermediate in the 
formation of the 8-dichloride. 

The reverse process is seen in the action of hydrochloric acid upon 
the §-dichloride, whereby first Cossa’s ammonium salt and then 
ammonium chloroplatinite are formed; a grouping -NH,Cl is first 
removed by a molecule of hydrochloric acid as ammonium chloride 
with formation of Klason’s Pt(NH,Cl)Cl, which was shown by him 
(J. pr. Chem., 1903, 175, 17) to add on alkali chlorides with formation 
of Cossa’s salts; repetition of the same types of reactions with the 
remaining -NH,Cl group gives ammonium chloroplatinite : 


Pt(NH,Cl), *®9 Pt(NH,Cl)Cl + NH,Cl —> NH,[Pt(NH,CI)Cl,] ; 


(Cossa’s ammonium salt) 
Pt(NH,Cl,) +" PtCl, + 2NH,Cl —> (NH,)[PtCl,]. 


Cossa’s ammonium salt may, therefore, have either of the following 
structural formule, of which the first seems the more probable 


[see (5)]: 


re: aN Dict | NH, or | 4 3 NN tcl, ihn, 
C 1 Ae L Cl 


(b) Zeise’s acid, formulated by Jérgensen as HCI-Cl-Pt-C,H,°Cl, 
becomes on our view the analogue of Cossa’s acid and must be 


written : bia - VG Pal lit . This analogy affords valuable 


evidence in favour of our contention that the groupings NH,Cl, 
py Cl, etc., are present in such platinum compounds; for, in the case 
of Zeise’s acid, it is not possible, owing to the quadriyvalency of carbon, 
to write the group -CH,*CH,°Cl otherwise than in that manner, the 
alternative formula (below) being that of a platinic instead of a 
platinous compound : 
| (H 2C—--CH, | a 
PtCl, i. 
Cl 


Cossa’s platotetrammine salt of Zeise’s acid, which Jérgensen 
describes as platodiamminoplatosemiethylene chloride and to which 
he ascribes the formula Pt(NH,‘NH,;Cl-Ci-Pt-C,H,Cl)., is the analo- 
gue of the platotetrammine salt of Cossa’s first acid and must be 


written : [Pt(C,H,Cl)Cl,],{ Pt(NH,),]. 

(c) Fassbender’s acid, H(py)PtCl,; was obtained by the action of 
pyridine on H,PtCl,; Anderson’s end-product of this reaction was 
shown by Jérgensen, who reduced it to 8-Pt py,Cl,, to be identical 
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with 8-Pt py,Cl,, the analogue of Cleve’s chloride, 6-Pt(NH,).Cl,. 
These reactions now become : 


H,{PtCl,] 2, H,[Pt(py Cl)Cl,] ==> H[Pt(py C1) 
(Fassbender’s acid.) 


H[Pt(py Cl)Cl,] °% H[Pt(py Cl),Cl,] —2S Pt(py Cl),Cl, 
(Anderson’s end- 
product.) 


Jérgensen assigned to Anderson’s end-product the formula which 
we now regard as correct. 

Fassbender found that the first action of pyridine upon sodium 
chloroplatinate was the displacement of sodium chloride by pyridine, 
giving NaPtpyCl,. This substance, which must be assigned the 
formula Na[Pt(py Cl)Cl,], is precisely analogous to Cossa’s second 
salt, K[Pt(NH,Cl1)Cl,]. It is clearly a product of the loss of sodium 
chloride from the unstable primary substance Na,[Pt(py Cl)Cl,]. 
These reactions demonstrate that the first action of an amine upon 
potassium chloroplatinate, as upon the chloroplatinite, is the 
insertion of a molecule of amine between platinum and a chlorine 
atom, the latter becoming attached to nitrogen. In this lies the 
explanation of the fact that amines of $-structure are invariably 
the products of such interactions. 

It will be seen that our formula (X) represents the 8-diammino- 
dichloride as two molecules of ammonium chloride in each of which 
a hydrogen atom has been substituted by the same platinum atom ; 
and it might be anticipated, therefore, that the halogens would be 
ionised. Since ionisation is actually absent or only very minute, 
it follows that the nitrogen atoms of (X) must be quinquecovalent, 
being associated with a decet of electrons. It may be suggested that 
this violation of the octet rule, and of the rule that the co-ordination 
number for an element of the first series cannot exceed four, is due to 
the attraction of the massive and unsaturated platinum atom for 
electrons, whereby it restrains the valency electrons of the nitrogen 
atoms and prevents their capture by the halogens. A somewhat 
similar effect is seen in the case of the mercury atom in mercuric 
chloride. That nitrogen may occasionally be quinquecovalent 
becomes probable from the evidence recently cited in the cases of the 
dihalides of pyridine [e.g., pyridine iodochloride is not ionised in 
pyridine solution (Williams, J., 1931, 2783)] and even of certain 
aromatic and aliphatic nitro-compounds (Hendricks and Hilbert, 
J. Amer. Chem. Soc., 1931, 52, 4280). Wynne-Jones, too, has shown 
(J., 1931, 795) that salts of. piperidine, dipropylamine, and other 
partially substituted ammonias, with hydrochloric, picric, and 
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perchloric acids, exist to a greater or less extent in the form of non- 
ionic molecules. 

It has been deduced from X-ray crystal measurements that the 
four chlorine atoms of potassium chloroplatinite are in one plane, 
which also contains the platinum atom (Dickinson, J. Amer. Chem. 
Soc., 1922, 44 2404); but this deduction appears to afford no special 
support to a planar theory of the structure of the diammines and 
tetrammines. The tacit assumption that the chlorine atoms in the 
ion PtCl, have the same stereochemical disposition as those in 
PtCl, and that the ammonia groups in the «-diammines merely 
replace these chlorine atoms, is entirely without proof at the present 
time. 

We conclude that there is no longer a valid reason for assuming 
a planar distribution of four valencies to platinum in the platodi- 
ammines. 








































EXPERIMENTAL. 
Tsomeric Diamminoplatinous Dichlorides, Pt(N Hg) Cl,.—«-Dichlor- 
ide (IX). Prepared by heating the tetrammine Pt(NH,),Cl, alone, 
or, better, with concentrated hydrochloric acid, this was obtained 
as small, faintly yellow prisms from hot water (Found: Pt, 65-2, 
65-1; H, 1-9, 2-25; N, 9-5. Cale. for H,N,Cl,Pt: Pt, 65-05; H, 
2-0; N, 9-3; Cl, 23-6%); it neither reacts with aqueous potassium 
chloroplatinite nor gives a coloration with phenoxtellurine dibi- 
sulphate. When its aqueous solution is heated for some hours at 
100° an equilibrium mixture with a small proportion of the 
y-dichloride is produced. The «-dichloride is oxidised to the 
a-tetrachloride (XVI) on prolonged contact with hydrochloric acid 
in presence of air. 
8-Dichloride (X). Reaction between ammonium chloroplatinite 
and ammonia yielded this dichloride as bright yellow, flat, rect- 
angular needles from water (Found: Pt, 64-95, 64-95, 64-9, 64-9; 
H, 2-0, 2-05; N, 9:35; Cl, 235%). It does not interact with 
aqueous potassium chloroplatinite; gives an intensely purplish- 
violet coloration with phenoxtellurine dibisulphate; is unchanged 
when heated at 100° in aqueous solution during 48 hours; is sub- 
stantially unchanged when heated with water in a sealed tube at 
140° for 6 hours; gives a red coloration when warmed with phenox- 
tellurine ; is unchanged in the presence of cold concentrated hydro- 
chloric acid, but is transformed to Cossa’s ammonium salt when 
heated with N-hydrochloric acid. 
y-Dichloride (X1). Addition of dilute hydrochloric acid to the 
solution of the base formed by the action of silver oxide and water, 
or of warm aqueous caustic soda, on the «-dichloride afforded 
the y-isomeride, which crystallised as golden-yellow to orange- 
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yellow needles or plates from hot water; the crystals are frequently 
curved or serrated when crude (Found: Pt, 65-0, 64-95, 65-3, 65-2, 
64-9; H, 21; N, 96; Cl, 23-55%). This substance is mainly 
transformed into the «-dichloride when heated at 100° in aqueous 
solution during a few hours; it does not combine with aqueous 
potassium chloride or chloroplatinite. The aqueous solution is 
neutral and has a pronounced yellow colour. Towards halogens or 
bases, the substance reacts like the «-dichloride. 

Diamminoplatinous Dibromides and Di-iodides.—These substances 
were prepared by the action of a large excess of the aqueous 
potassium halide on a solution of the «- or $-dichloride; or, in the 
case of the @- and y-compounds, by neutralising an aqueous solution 
of the base with the appropriate halogen acid. 

a-Pt(NH;),Br, (Found : Pt, 49-9. Cale.: Pt, 50-15%); sulphur- 
yellow prismatic needles; gives no coloration with phenoxtellurine 
dibisulphate. «-Pt(NH,) I, (Found: Pt, 40-35. Calc.: Pt, 40-4%) ; 
pale yellow, crystalline powder. (§-Pt(NH,Br), (Found: Pt, 50-25, 
50°3%); orange needles, giving orange-brown coloration with 
phenoxtellurine dibisulphate. §-Pt(NH,I), (Found: Pt, 40-35%); 
orange-yellow prismatic needles, giving reddish-brown coloration 
with phenoxtellurine dibisulphate. y-Pt(NH,),Br, (Found: Pt, 
50-3. PtH,N,Br, requires Pt, 50-2%); clusters of small, dark 
orange prisms from water. 

Diamminoplatinous Tetrahalides.—a-Pt(NH,),Cl, (Found, in pre- 
paration dried over phosphoric oxide: Pt, 52-3, 52-5. Calc. for 
PtH,N,Cl,: Pt, 52-6%), prepared by the action of chlorine upon 
the «-dichloride in aqueous solution, formed small, bright yellow 
cubes or octahedra from water. 

8-Pt(NH,),Cl,, similarly prepared from the @-dichloride, crystal- 
lised as lemon-yellow, rhombic or hexagonal plates (Found: Pt, 
52-65. Calc.: Pt, 52-6%). 

Dipyridinoplatinous Dichlorides.—a-Pt py,Cl,, prepared by the 
action of concentrated hydrochloric acid upon the tetrapyridino- 
dichloride, or by the action of dilute hydrochloric acid upon the 
corresponding a-base, formed a very pale yellow, microcrystalline 
powder, soluble in chloroform (which is the best solvent for its 
recrystallisation) and other organic solvents, but almost insoluble 
in water (Found, in sample from chloroform: Pt, 45-9. Calc.: Pt, 
46-0%). It gives no coloration with phenoxtellurine dibisulphate, 
and is unchanged by long boiling with aqueous ammonium 
chloride. 

§-Pt py,Cl, was prepared from pyridine and aqueous potassium 
chloroplatinite; it is a very pale yellow, microcrystalline powder, 
yery sparingly soluble in water, gives a red coloration with phenox- 
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tellurine dibisulphate, and is less soluble in organic solvents than 
the «-isomeride (Found : Pt, 46-0. Cale. : Pt, 46-0%). 

Bases.—y-Diammino-base (XV). The «-diammino-dichloride was 
boiled with water and excess of silver oxide during some 20 minutes. 
The filtrate was evaporated in a vacuum over phosphoric oxide, 
short, very pale yellow, hexagonal prisms being obtained [Found : 
Pt, 69-8, 70-2, 70-35, 70-5. Pt(NH,),(OH), requires Pt, 74-15. 
Pt(NH,),(OH),,H,O requires Pt, 69-4°%)]. 

The aqueous solution of the base was alkaline to litmus and was 
free from chlorine and from silver; it readily absorbed carbon 
dioxide, and was somewhat hygroscopic. When neutralised with 
dilute hydrochloric acid it gave the y-dichloride. 

8-Diammino-base (XII). Prepared from the §-diammino-di- 
chloride, as above, this base formed a transparent yellow glassy 
solid, free from halogen and from silver, and was very hygroscopic 
[Found (in specimens prepared in a stream of nitrogen and dried 
over phosphoric oxide): Pt, 71-0, 71-0, 72-1, 71-8. Other samples 
prepared in air gave variable results: Pt, 67-8, 69-1, 67-8, 65-7, 
64-0, 68-2%]. Its solution in water was alkaline, absorbed carbon 
dioxide, and gave with dilute hydrochloric acid the #-dichloride. 
The solid base gave a green coloration with phenoxtellurine 
dibisulphate. 

+n PY\ p, /OH 
a-Dipyridino-base, ie tK OH’ 
manner from «-Pt py,Cl,, forms long, asbestos-like needles from 
water, in which it is only moderately soluble [Found (in air-dried 
product): Pt, 35°05. Pt py,(OH),,9H,O requires Pt, 35:5%,. 
Found (in product dried over phosphoric oxide): Pt, 46-5. 
Pt py,(OH),,2H,O requires Pt, 46-1%]. The aqueous solution, 
which is somewhat feebly alkaline, gives only «-Pt py,Cl, with 
dilute hydrochloric acid; with aqueous sodium chloride it slowly 
interacts giving the same product. 


8-Dipyridino-base, PLPy OF Prepared by the action of moist 


silver oxide on $-Pt py,Cl,, this base forms a hygroscopic, yellow 
glassy mass, readily soluble in water to an alkaline solution, from 
which dilute hydrochloric acid precipitates the 6-dichloride [Found : 
Pt, 49-8. Pt (py-OH), requires Pt, 50-4%]. 

§-Oxalate (XIII). Neutralisation of the 6-base with oxalic acid, 
or treatment of the §-dichloride with silver oxalate, or warming 
ammonium chloroplatinite and ammonium oxalate with aqueous 
ammonia afforded this oxalate as almost white needles with pearly 
lustre (Found: Pt, 61:5. C,H,O,N,Pt requires Pt, 61:5%); it 
decomposes near 230°, is very sparingly soluble in water, gives the 


This base, prepared in a similar 
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8-dichloride when treated with warm hydrochloric acid, but does 
not give a coloration with phenoxtellurine dibisulphate. 


Physical Properties of the Isomeric Diamminoplatinous 
Dichlorides. 


(i) Molecular-weight determinations were attempted by the 
ebullioscopic method in water, McCoy’s modification of Beckmann’s 
apparatus being used. The following results were obtained : 


W (g.). é. v (c.¢c.). M. 
a-Isomeride 0-1901 0-010° 30-0 (342) 
0-1201 0-009 27-0 (279) 
B-Isomeride 0°5272 0-036 24-8 313 
0-3808 0-025 27-8 296 
y-Isomeride 0-1230 0-008 27:1 (306) 
0-1758 0-010 29-8 (298) 


[Cale. for Pt(NH,),Cl, : M, 300.] 


It is clear that only in the case of the $-isomeride can it be con- 
cluded that the results afford reliable evidence as to the degree of 
complexity. 

(ii) Molecular conductivities in water were determined in the 
apparatus previously described (Joc. cit.), The initial conductivities 
were very low in the case of each of the three isomerides; but, in 
confirmation of the work of Werner and others, it was noticed that 
there was a rapid increase of conductivity with time. This increase 
was found to be due neither to the development of free acid by 
hydrolytic action of the solvent nor to catalytic effect of the 
platinised platinum electrodes. The latter explanation, proposed 
by Werner, was disproved by keeping the solution for the requisite 
interval of time before inserting the electrodes, and comparing the 
conductivity then obtained with that of a solution kept in the cell 
during the same period. Chemical tests indicated that the increase 
of conductivity is probably due to the generation of ammonium 
chloride by the disruptive action of water; this decomposition 
appears to be appreciable only in very dilute solutions. 

The conductivities were extrapolated to zero time, and the values 
reduced to a common dilution for purposes of comparison. The 
following values were obtained for M at 25°, ¢ being the time (in 
minutes) and v the dilution (in litres/g.-mol.) : 


a-Isomeride. 


Cikissisctlardudersdbtideie 0 62 131 174 2752 
M (v = 2866) ......... 17-0 21-0 26-1 32-7 89-8 
M (v = 1234) ......... 75 9-0 11-2 14-1 38:7 


f-Isomeride. 
ST agoccccbsesccessocccccesess 0 66 193 1397 
M (v = 1234) ......... 7-7 14-4 36-8 86-0 
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y-Isomeride. 


Didiptackncsadtarrancencerae 0 67 139 1410 
M (v = 4690) ......... 21-3 30°3 56-0 116-6 
M (v = 1234) ......... 5-6 7-9 14-7 30-7 


(iii) Solubilities in water at 25° were determined after several 
days’ shaking in the thermostat. Measured volumes of solution 
were evaporated over phosphoric oxide, and the amounts of solute 
obtained by weighing. Results : 


100 G. of water at 25° dissolve 0-0366 g. of «-isomeride ; 
0-2523 g. of B-isomeride ; 
0-0491 g. of y-isomeride. 


Crystallographic Investigation of the Diamminoplatinous 
Dichlorides. 


(By E. G. Cox.) 


(a) Microscopic Examination.—The three isomerides were obtain- 
able only in small, imperfectly formed crystals, the largest being 
about 0-1 mm. long. The refractive-index determinations noted 
below were made by the immersion method with sodium light; 
owing to the high values of the indices, it was not possible to make 
the determinations with very great accuracy, except for one of the 
indices of the y-isomeride, but the examination was sufficient 
to show very appreciable differences between the three substances. 

(i) «-Pt(NH,),Cl,. Pale yellow crystals; tabular, often elongated, 
with straight extinction and positive elongation. Refractive indices 
about 1-76. Twinning fairly common. 

(ii) 6-Pt(NH,),Cl,. -Yellow crystals, deeper in colour than the 
z-compound. Mostly acicular, usually with straight extinction but 
frequently inclined; positive elongation. Refractive indices about 
1-76; birefringence apparently somewhat higher than that of the 
z-isomeride. Twinning fairly common, but on a different law from 
the «-compound. 

(iii) y-Pt(NH,),Cl,. Crystals orange-yellow, deeper than «- or 
8-. Acicular, with a great tendency to parallel growths and den- 
dritic formations; radiated growths also occur. Straight extinction 
with negative elongation. One refractive index 1-715; another 
about 1-76. The comparatively low index of this isomeride 
distinguishes it immediately from the other two. 

(b) X-Ray Examination.—Powder photographs of the «- and the 
y-isomeride showed definitely that the two have entirely different 
structures. Photographs were taken of two different specimens of 
the former and of three of the latter. The three »-photographs 
were exactly alike, as were also the two «-photographs. Owing to 
the technical difficulties of obtaining suitable powder photographs 
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of substances containing such a high percentage of platinum, repro- 
duction is not feasible, but the differences between the a- and 
y-photographs are considerable and immediately discernible. Since 
it is evident from the microscopic examination that the two sub- 
stances are either orthorhombic or monoclinic, it is not possible at 
present to gain much information of value as to the structures of 
the individual isomerides from the photographs. It is clear that 
the two differ considerably, and it is hoped later to investigate all 
three isomerides more closely by X-ray methods. 


Summary. 


(1) It is shown that there are three isomeric diamminoplatinous 
dichlorides, and that they are probably structural isomerides. 

(2) It is suggested that only the «-isomeride has four groups 
arranged round the platinum atom and that there is at present no 
positive evidence to decide whether the distribution is tetrahedral 
or planar. 

(3) The a- and the §-diammino-tetrachloride are shown, on the 
basis of the formule proposed for the dichlorides, to be likewise 
structural and not stereo-isomerides. 

(4) The isomeric series of «- and §-diammino-compounds differ 
notably from those of the «- and §-sulphines, particularly in the 
non-interconvertibility of the former among themselves. 

(5) Mechanisms are suggested for the formation of Cossa’s salts 
and of several other well-known groups of substances. 


We desire to express our thanks to the Department of Scientific 
and Industrial Research, to the Chemical Society, and to Imperial 
Chemical Industries, Ltd., for grants which have partly defrayed 
the cost of the work; also to Dr. F. G. Angell for making some of 
the physical measurements. 
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130. The Structure of the Simple and Mixed 
Tetramminoplatinous Dihalides. 


By Harry DuGcatp Kerra Drew, FrRepERIC WILLIAM PINKARD, 
Wi14am WaARkDLAW, and (in part) Ernest Gorpon Cox. 


Tx chief obstacle to the theoretical conclusions in the preceding 
paper lies in the interpretation of the remarkable isomerism found 
amongst the mixed tetrammino-dihalides, e.g., those of formula 
Pt(NH,),py,Cl,. In order to discuss these substances it is neces- 
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sary to consider first the unmixed tetrammino-dihalides, such as 
Pt(NH;),Cl,. 

We have repeated certain experiments described in the literature 
and are able to confirm the following facts: (i) Both the «- and the 
§-diammino-dichloride give, when treated with ammonia, the same 
tetrammine, a triammine being the intermediate product; (ii) when 
the tetrammine is heated with hydrochloric acid, it gives, probably 
through the triammine, the «-diammine, but never the §-diammine. 
The y-diammino-dichloride gives with ammonia the same tetrammine, 
and therefore in all probability the same triammine, as its iso- 
merides. 

The tetrammine has two ionised halogens, the triammine only 
one, so the above reactions may be expressed : 


HOl HOl 
Pe(NH,)sCl, < [Pt(NH,),C1]01 Sy [PeNH,) IC, 


$e he. 
Pt(NH,Cl), “ NR Pt(NH,)(NH,C1)Cl 


It will be admitted that these expressions, in which are employed 
the conventional co-ordination formule, convey no adequate idea 
of the nature of the reactions involved. The inadequacy of such 
formulz becomes still more evident when the substances contain- 
ing two different amines are considered. 

The «- and the £-dipyridino-compound, Pt py,Cl,, are analogous 
to the corresponding diammino-compounds; they are prepared by 
similar methods, undergo many similar reactions, and give rise on 
treatment with pyridine to the same _ tetrapyridino-compound, 
Pt py,Cl,, which with hydrochloric acid gives «-Pt py,Cl,. It cannot 
therefore be doubted that they correspond in structure with the 
respective diammino-compounds. 

It was discovered by Jérgensen, and confirmed by Klason and 
others, that the four diammines, «- and 8-Pt(NH;,),Cl, and a- and 
§-Pt py,Cl,, give rise, on treatment severally with an excess of the 
amine not already in the diammine, to only two (and not four) 
mixed tetrammines of formula Pt(NH,),py,Cl,. Each of the two 
a-diammines generates what may be called the «-mixed tetrammine ; 
whilst each of the two $-diammines produces an isomeric substance 
of very similar properties, the B-mixed tetrammine : 


Pt(NH,),Cl, °% «-[Pt(NH,),py2|Cl, 2% Pt py,Cl, ; 


Pt(NH,Cl), ©’, 6-[Pt(NH,)spya]Clp <=! Pt (pyCl). 
We have re-examined these reactions under several different sets 
of conditions and are able to confirm the broad facts. 
Since it cannot be in doubt that the action of ammonia upon a 
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diammino-compound is similar in nature to its action upon a 
dipyridino-compound, and since the action of ammonia upon the 
a- and $-diammino-compounds gives rise to the same tetrammine, 
it follows immediately that the «- and $-mixed tetrammines cannot 
be structural isomerides, but must be stereoisomerides. If this were 
not so, then «- and 8-isomerides of the formula Pt(NH,),Cl, would 
be produced, respectively, from the «- and the #-diammino-com- 
pound by the addition of further ammonia. 

The «- and the §-mixed tetrammine act normally towards hydro- 
chloric acid in that both give rise only to «-diammines; but a 
remarkable difference of behaviour is nevertheless shown by the 
two isomerides, for, whilst the «-compound gives a mixture of 
a-Pt(NH,),Cl, and «-Ptpy,Cl,, the $-compound gives only the 
mixed diammine «-Pt(NH;)pyCl,. We have been able to confirm 
this behaviour, which appears to be without precedent among 
stereoisomeric compounds. 

No theory has ever accounted satisfactorily for these facts. 
Werner regarded the mixed tetrammines merely as trans- and cis- 
compounds of planar structure with chlorine ions in the outer 
sphere of combination : 


me “PY (NHs. Py 

| | BG, 
_ py” “NH p | | NH,” “py 

a- risa (W.). p- ‘Tetrammine (W.). 


The formule become identical if the pyridine groups are replaced 
by ammonia groups, accounting for the fact that there is only one 
compound of formula Pt(NH,),Cl,. To explain the decomposition 
reactions of the mixed tetrammines with hydrochloric acid, how- 
ever, Werner was obliged to adopt the arbitrary rule that the two 
ammine groups removed by the acid were always those originally 
present in relatively trans-positions in the tetrammine molecules. 
This principle has been accepted with little question, although 
it is without adequate theoretical justification. Werner’s explan- 
ation rests upon the assumption that the diammines are stereo- 
isomerides and that the entering ammine groups occupy the same 
positions as the halogens in the diammines. The experimental 
results given in the foregoing paper render it unlikely that the 
diammines are stereoisomerides and accordingly an alternative 
hypothesis is necessary. It is suggested that all of the experimental 
results so far brought forward may be accounted for if the structure 
of the platinum atom is such that the four linkings to the ammino- 
groups of the tetrammines are differentiated into two equivalent pairs 
which function independently, a closer relationship existing between 
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the members of a pair than exists between either member of one 
pair and either member of the other. The suggestion does not in- 
volve valencies of different types, all four linkings being postulated 
of the same kind and precisely equivalent to one another in the sense 
of the equivalence of the six linkings to hydrogen in the benzene 
ring. Such an hypothesis would be equally applicable whether the 
associated ammine groups had a planar or a tetrahedral distribu- 
tion. In the following formule each ammine group is represented 
as attached to the platinum atom by a co-ordinate link, and the 
paired linkings are indicated by brackets : 








% _— - 1 —_——“«ny | 
NH, ——NH, | NH, Spy | i 

py——Ppy _ NH;——py | 
(a-Mixed tetrammine. ) (B-Mixed tetrammine. ) 


The same considerations will apply also to the mixed triammines 
[Pt(NH,),pyCljCl and [Pt(NH,)py,ClJCl, each formula being re- 
presented by two different substances. The following schemes then 
account in a simple manner for the observed results : 

(a) Formation of the «- and 6-mixed tetrammines from the several 
diammines : 


NH, NH; [NHs>NH|_ | NHsg-— NB | 
Pte ww ety |Cl =, abt, Cl, 
Cl Cl Cl py | py—_—py |} 
(a-Dichloride.) $ NH 


47 a”"* ‘ _ 
Cl py py py —— Py 
(y-Dichloride.) (a-Dichloride.) d 
ClNH y (NH py | 
CNH, LNH,” ‘“c1}  -™s 
Di ° —_—_——_— 
(B-Dichloride. ) | iy oth Cl, 
| NH,~—— py 


Cl NH;<—"— ws 
pyC! wa, | NE if ~ 


Pt 
or cr Spy 


(8-Dichloride.) 


The initial action of amines upon the §-dichlorides is regarded 
as that of addition, with formation of labile triammines 
Cl-NH “PY 
(4. GuNH’>?t ) 
which change to the more stable triammines shown; the labile 
triammines are analogous in type to the y-diammino-dihalides. 
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This hypothetical stage of the reaction has been omitted from the 
above scheme. 
(6) Degradation of the mixed tetrammines by hydrochloric acid : 


pNHs NHS |, NHag Ns 


Py a7 | Spt 
| — go Na 


eas ] - Py 
2 


aPty 
py—_— py ary NH; Tu | -sx, oN A | 
SS Dae Gh io Dwain s 
py——py | pyi—py 
[ME J) oa 
ee Spy | ter NH,< ‘py | 8 a 
NH,<_ py | ON Pay py | => NH,;— ‘py 
a |e 


It is not intended to imply that a halogen necessarily enters the 
same angular position as was occupied by the ammine group which 
it displaces; but the two positions must nevertheless bear a definite 
relationship to one another. In the above scheme, the y-diammino- 
dichlorides, which are probably the initial products of the action of 
hydrochloric acid on the triammines, are not shown. It was found 
that a proportion of y-Pt(NH;),Cl, is always produced when 
Pt(NH,),Cl, is decomposed by hydrochloric acid. 

The idea of paired valencies for the platinum atom may be con- 
sidered in connexion with physical evidence adduced in the case 
of carbon. Lonsdale (Proc. Leeds Phil. Soc., I, Pt. VIII, 346) has 
shown how models of benzene and naphthalene can be built up 
from carbon atoms with two pairs of valencies to agree with X-ray 
work and with observations on the absorption spectra of the di- 
chloronaphthalenes (de Laszlo, J. Amer. Chem. Soc., 1928, 50, 892). 
Again, Lonsdale (Phil. Mag., 1928, 6, 433), discussing evidence as 
to the structures of carbon compounds, particularly hexachloro- 
ethane, shows that carbon cannot have spherical symmetry and 
probably not even tetrahedral symmetry. Lastly, in graphite, 
X-ray observations prove that the carbon atoms are not all crystallo- 
graphically identical, which can be accounted for by assuming that 
the carbon valencies are of two different types. It is possible that 
in the case of platinum, with its high atomic number, the effects 
due to paired valencies may be more pronounced than in the case 
of carbon. It should be emphasised, however, that in the case of 
platinum we do not postulate the presence of valencies which neces- 
sarily differ in type but only of two groups of similar valencies, 
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whereas for carbon Lonsdale postulates two different types of 
valencies associated with the electron orbits (2,) and (24). 

Stereochemistry of the Tetrammines.*—With the exception of the 
results published recently by Reihlen (Annalen, 1931, 489, 42), 
there is no chemical evidence to show whether the four groupings 
attached to platinum in these substances are arranged in a plane 
or tetrahedrally. Reihlen’s experiments indicate that the formule 
cannot be completely planar, since he claims to have effected 
resolution of certain tetrammine salts; he has not, however, 
sueceeded in replacing the optically active radicals by inactive 
radicals while still retaining optical activity due to platinum, and 
therefore his evidence cannot be considered as final. Somewhat 
similar results are, in fact, already on record. Our own experi- 
ments leave the matter still open. It does, indeed, seem possible 
to draw the conclusion that the «-positions (shown with brackets 
in the preceding formule) are further apart than the {-positions, 
because the former cannot be spanned by ethylenediamine and other 
chelate groupings which are capable of insertion across $-positions ; 
the oxalato-group can similarly replace the halogens of a 6-diammine 
but not of an a-diammine. Reihlen has already made a similar 
deduction. The important question of the manner in which the 
positive charges are located in the tetrammine ion cannot at present 
be discussed. 

The evidence given in our previous paper (loc. cit.) on the «- 
and £-diethyl sulphide compounds, Pt(SEt,),Cl,, shows that the 
sulphur atoms cannot correspond in a stereochemical sense with 
the nitrogen atoms of the «- and §-diammines, unless radical changes 
of configuration occur when the sulphines are intertransformed. In 
both sulphines, therefore, the sulphur atoms probably occupy - 
positions. The «- and £-sulphines thus correspond structurally, 
but not stereochemically, with the «- and @-diammines. 


EXPERIMENTAL, 

Triamminoplatinous dichloride, [Pt(NH,),ClJC), prepared from 
-Pt(NH,),Cl, by Tschugaev’s method (J., 1915, 107, 1244), formed 
very pale cream-yellow, rectangular needles, only moderately 
soluble in water (Found: Pt, 61-25. Cale.: Pt, 61-55%). With 
aqueous potassium chloroplatinite it gives the flesh-coloured plato- 
salt, [Pt(NH,),Cl],PtCl,, which crystallises from hot water in plates ; 
this salt has the same empirical formula as the diamminoplatinous 
dichlorides (Found : Pt, 65-15. Calc. : Pt, 65-05%). It gives with 
phenoxtellurine dibisulphate a slowly-developed reddish coloration. 
Tetramminoplatinous dichloride, [Pt(NH,),]Cl,, prepared from 

* See note by E. G. Cox (p. 1015). 
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any of the three isomeric diamminoplatinous dichlorides and aqueous 
ammonia, formed colourless needles or prisms, sometimes several 
inches long, of the monohydrate. The same product was obtained 
from all three methods of preparation, so far as could be seen 
[Found, in sample dried over calcium chloride: Pt, 55-0. Cale. 
for Pt(NH,),Cl,,H,0 : Pt, 55°45%]. It is readily soluble in water 
and may be crystallised from dilute hydrochloric acid. The tetram- 
mine appears to be without action upon «- or 6-Pt py,Cl, in aqueous 
solution at 100°, even after several hours. With aqueous potassium 
chloroplatinite it gave almost invariably the green salt of Magnus, 
but on one occasion a freshly prepared sample gave on a first test 
(but not in any of ten subsequent tests) the pink form of Magnus’s 
salt. 

Tetrapyridinoplatinous dichloride, [Pt py,|Cl,, was prepared by 
the action of aqueous pyridine upon the «- or $-dipyridino-di- 
chloride; in each case apparently the same product resulted, viz., 
large, colourless, rhombic bipyramidal crystals of the trihydrate 
(from aqueous alcohol and ether) [Found: Pt, 30-7, 30-65. Calc. 
for Pt(C,H,;N),Cl,,3H,0: Pt, 30-7%]. The substance is readily 
soluble in water; it has no action upon aqueous ammonium 
chloride or aqueous Pt(NH,),Cl, at 100°. With potassium chloro- 
platinite, it gives a pale-pink, microcrystalline plato-salt, very 
sparingly soluble in water [Found: Pt, 45-55, 45-65. Cale.: Pt. 
46-0% }. 

a-Diamminodipyridinoplatinous dichloride, [Pt(NH,),py,]Cl,, was 
prepared, under a variety of different conditions, from «-Pt(NH,),Cl, 
and aqueous pyridine, and from «-Pt py,Cl, and aqueous ammonia. 
The main product was apparently the same in both reactions, and 
it was immaterial whether the reactions were carried out at 100° 
or at laboratory temperature. The first reaction, however, was 
smoother than the second, since ammonia tended to replace to a 
small extent the pyridine groups in «-Ptpy,Cl,. At 100°, the 
diammines dissolve in the aqueous bases in less than an hour, but 
at laboratory temperature dissolution may be incomplete after 
several weeks. The tetrammine is usually obtained from water, 
or from dilute hydrochloric acid, in long, colourless, glistening. 
rectangular prismatic needles of the monohydrate [Found: Pt, 
41-1, 41-05, 41:1; N, 12-2. Cale. for Pt(NH,),(C;H;N),Cl,,H,0 : 
Pt, 41:0; N, 118%]. The tetrammine is very readily soluble in 
hot water, but less soluble in the presence of hydrochloric acid; in 
cold water it is only moderately soluble. 

All samples of the tetrammine gave with potassium chloro- 
platinite a salmon- or chamois-coloured plato-salt, 

a-[Pt(NH,).py2|PtCl,, 
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which crystallised as needles and prisms; it gave an almost black 
coloration with phenoxtellurine dibisulphate. Fractional precipit- 
ation of the plato-salt in five successive crops from an aqueous 
solution of the tetrammine indicated that it was homogeneous 
[Found in successive crops (not recrystallised): Pt, 53-55, 53-65, 
53°85, 53-9, 53-9. Calc.: Pt, 53-9%]. The salt was also examined 
by fractional crystallisation from boiling hydrochloric acid (20 c.c. 
of concentrated acid diluted to 100 c.c. with cold water). The 
fraction which separated on cooling was repeatedly recrystallised 
from the hot solvent; its solubility (0-16 g. in 100 c.c. at 20°) 
remained unaltered throughout, and its composition remained the 
same (Found, in final crop: Pt, 535%). Transformation of the 
final crop to the tetrammine, by heating in faintly acid solution 
with the calculated quantity of Pt(NH,),Cl,, gave nearly the theoret- 
ical quantity of Magnus’s salt (0-29 g. of the plato-salt gave 0-227 g. 
Calc.: 0-24 g.), together with the mixed tetrammine, which was 
obtained from the filtrate in the characteristic form regenerating 
the chamois plato-salt with potassium chloroplatinite. The tetram- 
mine was decomposed by hot 15%, hydrochloric acid into a mixture 
of «-Pt(NH,),Cl, and «-Pt py,Cl,. The decomposition of the plato- 
salt by means of aqueous Pt(NH,),Cl, was repeated on a larger 
scale, and the recovered «-Pt(NH,),py.Cl, was recrystallised from 
water and obtained as the monohydrate [Found: Pt, 41-1. Cale. 
for Pt(NH;),py,Cl,,H,O : Pt, 41-0%]. The possibility that the 
chamois plato-salt is a mixture of the plato-salts of two triammines 
is thus negatived. It was shown also that a mixture in equimolecular 
proportions of Pt(NH,),Cl, and Pt py,Cl, does not undergo change 
when heated in water, and that a mixture in equimolecular pro- 
portion of the plato-salts of these two tetrammines-does not produce 
the chamois plato-salt when crystallised from hydrochloric acid. 
There can thus be little doubt but that the mixed tetrammine and 
its plato-salt are simple substances. 

The decomposition of the «-mixed tetrammine by hot hydrochloric 
acid was repeatedly examined to see whether the two «-diammine- 
dichlorides, which are the products, were formed in equimolecular 
proportions. This was found not to be the case, the proportion 
apparently depending upon the concentration of the acid used; 
but the dipyridino- invariably predominates over the diammino- 
dichloride. With stronger acid (about 24% HCl), the total product 
may contain up to 80% by weight (75% by mols.) of the dipyridino- 
compound ; with weaker acid (approx. 15°%% HCl), the total product 
contains some 68% by weight of the latter (an equimolecular mix- 
ture would contain 58-6% by weight). These figures were obtained 
without separation of the two products, by analysis of the various 









1012 DREW, PINKARD, WARDLAW, AND COX: THE STRUCTURE OF 


weighed crops. The decomposition requires some 4—6 hours at 
100° for completion; but the yield is never quantitative, being 
some 90%, of that calculated if the reaction proceeded to completion 
with the products in the ratio obtained. Air must be excluded as 
far as possible during the heating, since the products tend to become 
oxidised to tetrachlorides (Found, under various conditions of 
experiment, in total product: Pt, 48-6, 49-7, 50-6, 52-0. Cale. 
for equimolecular mixture: Pt, 53-9%). 

The two products were easily separated in a pure state by frac- 
tional crystallisation from chloroform or hydrochloric acid, and were 
identified both by analysis and by their conversion with ammonia 
into tetrammines giving the known plato-salts in a pure condition. 
Search was made for «-Pt(NH,)pyCl, among the products, but no 
trace of this substance could be detected. 

No appreciable difference was detected in the behaviour towards 
hydrochloric acid under comparable conditions of specimens of the 
a-diamminodipyridino-dichloride prepared by the two alternative 
methods already given. 

8-Diamminodipyridinoplatinous dichloride, [Pt(NH,)spy2]Cl., 
which appears not to have been isolated hitherto in a pure state, 
was prepared, under several sets of conditions, by the action of 
aqueous pyridine upon §-Pt(NH,),Cl, and by that of aqueous 
ammonia upon $-Pt py,Cl,. The two methods gave apparently 
identical products, and the result was substantially the same 
whether the reaction temperature was that of the laboratory or 
100°. The action of pyridine in the cold upon 8-Pt(NH;,),Cl, gives 
the above $-mixed tetrammine as practically the sole product; 
that of ammonia upon $-Pt py,Cl, gives a mixture of this tetram- 
mine with the tetrammine Pt(NH,),pyCl,, and the proportion of 
the latter is large if the reaction proceeds at 100°. The separation 
of the two tetrammines can be effected by fractionation from aqueous 
alcohol and ether. 

The §-diamminodipyridino-dichloride separates from water, in 
which it is much more soluble than the corresponding «-tetrammine, 
in massive, transparent, colourless, bipyramidal crystals of the tetra- 
hydrate (Found : Pt, 36-9, 36-8, 37-1, 36-75. C,)H,,N,Cl,Pt,4H,0 
requires Pt, 36-8%). From aqueous ethyl alcohol it separates 
in bushes of rectangular plates, consisting of the monohydrate 
(Found: Pt, 40-95. C,,H,,N,Cl,Pt,H,O requires Pt, 41-0%). 
Some evidence was obtained that a trihydrate also exists, forming 
pearly, rectangular platelets from aqueous alcohol and ether (Found : 
Pt, 37-95. Cy 9H,,N,PtCl,,3H,O requires Pt, 38-1%). The tetram- 
mine frequently forms crystals of triangular outline. 

The £-mixed tetrammine gives with aqueous potassium chloro- 
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platinite a pink or flesh-coloured plato-salt, 8-[Pt(NH,),py2|PtCl,, 
which crystallises in hexagonal needles or plates from water, in 
which it is very sparingly soluble, or from hydrochloric acid [Found : 
Pt, 53°55, 53-65, 53-8, 53-8, 54:1. Pt,(NH,),py.Cl, requires Pt, 
539%]. This salt, like Magnus’s salt, gives an almost black color- 
ation with phenoxtellurine dibisulphate. That it is the homo- 
geneous salt of a tetrammine, and not a mixture of the plato-salts 
of two triammines, was shown by its double decomposition with the 
calculated quantity of Pt(NH,),Cl,, which gave almost the theoretical 
yield of Magnus’s salt (0-4826 g. of the plato-salt gave 0-38 g.. Cale. : 
0-40 g.) and the $-mixed tetrammine, isolated as the monohydrate 
(Found: Pt, 40:95. Cale.: Pt,41-0%). There is thus no doubt that 
the @-mixed tetrammine is a simple substance and that structural 
rearrangement does not occur when it is converted into the plato-salt. 
The decomposition of the §-mixed tetrammine dichloride with hot 
hydrochloric acid was studied to test whether any «-Pt(NH,),Cl, 
or a-Pt py,Cl, resulted along with the main product «-Pt(NH,)pyCl,, 
but these two substances were absent. When the decomposition is 
carried out with moderately dilute hydrochloric acid at 100°, the 
product consists of yellow needles, sometimes several cm. long, 
and short yellow prisms; these two forms both consist of «- 
Pt(NH;)pyCl,, possibly containing also some of the y-form. They 
give no coloration with phenoxtellurine dibisulphate. The mixed 
dichloride is moderately soluble in hot water to a neutral, yellow 
solution. The freshly formed substance polymerises in presence of 
hydrochloric acid to a light red prismatic form, which reverts to 
the yellow form when crystallised from water and cannot then be 
reconverted into the red form. When allowed to stand with con- 
eentrated hydrochloric acid in presence of air, the red form is oxid- 
ised to a darker red material, which is practically insoluble in 
water (Found: Pt, 49-7. Calc.: Pt, 49:1%). Jérgensen (J. pr. 
Chem., 1886, 33, 511) gives an analysis of this substance. It seems 
probaWle that the y-form of Pt(NH,)pyCl, is first produced and that 

this polymerises to the light red form, econ a Nie 
Cl-NH NH,’Cl, 


3 

which gives on oxidation the stable dark red platinic compound, 
PYy,,A1 Ch. ppy 
CLNH, Lance eee \wH,Cl. The yellow form of Pt(NH;)pyCl, 
prepared by the action of hydrochloric acid on the $-mixed tetram- 
mine was the same whichever of the alternative methods was used 
for the preparation of the latter (Found: Pt, 53-75, 54-15, 53:5, 
54-15, 53-45; N, 7-7. Calc.: Pt, 53-9; N, 7-7%). When dissolved 
in ammonia it gave the following tetrammine. 
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Triamminopyridinoplatinous dichloride, [Pt(NH3),py|Cl,, was pre- 
pared (1) as indicated above, or (2) by the action of aqueous ammonia 
at 100° upon $-Pt py,Cl,, partial replacement of pyridine by am- 
monia occurring. The products from the two sources were identical. 
The substance crystallises from aqueous alcohol in flat, nacreous, 
square-ended plates of the monohydrate (Found: Pt, 46-95, 46-65, 
46:8. O,;H,,N,Cl,Pt,9H,O requires Pt, 47-15%). It is readily 
soluble in cold water, but easily precipitated by alcohol. It yields 
a plato-salt, [Pt(NH,),py|PtCl,, which crystallises from water or 
dilute hydrochloric acid as the monohydrate and is exceptionally 
readily soluble (Jérgensen, Z. anorg. Chem., 1900, 25, 360). The 
monohydrate forms lustrous, strawberry to violet needles or plates 
of rectangular or hexagonal outline [Found: Pt, 57-4, 57:3, 57:3, 
57-25. Cale. for (NH,),(C;H;N)Pt.Cl,,H,0: Pt, 57-4%]. The 
plato-salt was proved to be the salt of a tetrammine by decomposition 
with Pt(NH,),Cl,, whereby the correct proportion of Magnus’s salt 
was obtained, and the original tetrammine recovered and identified. 

Decomposition of the tetrammine with hydrochloric acid at 
100° gave a mixture of «-diammino and -amminopyridino-dichlorides, 
but not in molecular proportion (Found: Pt, 57-5, 57-3. Cale. 
for equimolecular mixture: Pt, 58-95%). Thus, there is pre- 
ferential elimination of ammonia residues. 

When the mixed diammine was dissolved in aqueous pyridine, a 
tetrammine (not isolated) was produced, which gave a sparingly 
soluble plato-salt in pale pink microcrystals consisting probably 
of [Pt(NH,)py,]PtCl,,H,O (Found : Pt, 48°75. Calc. : Pt, 48-55%). 

Cossa’s ammonium salt was prepared by Jérgensen’s method 
(Z. anorg. Chem., 1900, 24, 165), i.e., by heating 8-Pt(NH,),Cl, for 
some 30 hours with N-hydrochloric acid. If the aqueous solution 
was allowed to evaporate spontaneously, it left a little unchanged 
8-Pt(NH,),Cl, and Cossa’s ammonium salt (I); but if, instead, the 
equivalent of aqueous Pt(NH;),Cl, was added, the tetrammine 
salt (IL) was deposited in glistening, golden plates, often of Square 
outline. This salt is sparingly soluble in water, but crystallises 
readily from dilute hydrochloric acid (Found: Pt, 64-9. Calc.: Pt, 
65-05%); hot concentrated hydrochloric acid partially decomposes 
it into Magnus’s salt. The salt gives a slowly developed light red 
coloration with phenoxtellurine dibisulphate, in marked contrast 
to the deep colours given by the salts containing the anion PtCl,. 
The changes may be interpreted as follows 


Pt(NH,Cl), =$ [Pt(NH,CI)Cl,JNH,  (1.) 
[Pt(NH,),JCl, + 2[Pt(NH,C1)Cl,JNH, a 
(Iz.) [Pt(NH,),] [Pt(NH,Cl)Cl,], + 2NH,C. 
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By double decomposition of (II) with aqueous potassium chloro- 
platinite, Cossa’s potassium salt (III) was obtained in the filtrate 
from the precipitated Magnus’s salt. The salt formed large, rhombic, 
orange-red plates, soluble in water to a deep yellow solution. Like 
the corresponding ammonium salt, it gives an intense dark-red 
coloration with phenoxtellurine dibisulphate. When the potassium 
salt is heated with a few drops of hydrochloric acid and a little 
ammonia is then added, the salt (II) is precipitated, a reaction 
probably due to the formation of Cossa’s acid and its dissociation 
to hydrogen chloride and Pt(NH,Cl)Cl, a proportion of the latter 
then adding on ammonia to give Pt(NH,),Cl, which combines with 
unchanged Pt(NH,Cl)Cl. 

Nevertheless, an aqueous solution of Cossa’s potassium salt, 
when treated with aqueous ammonia in the cold, gives almost 
quantitative precipitation of §-Pt(NH;),Cl,. This striking re- 
action is readily interpreted on the basis of the theory of the fore- 
going paper : 

(II.) [Pt(NH,Cl)Cl,JK *™*s [Pt(NH,Cl),Cl]K —*S Pt(NH,Cl), 
When Cossa’s potassium salt was treated with aqueous pyridine, 
it gave a yellow precipitate, which, after recrystallisation from 
water, developed no coloration with phenoxtellurine dibisulphate 
and was not distinguishable from «-Pt(NH,)pyCl, obtained by 
the action of hydrochloric acid upon @-Pt(NH;),py,Cl, (Found : 
Pt, 54:15. Cale.: Pt, 53-9%); with ammonia it gave Pt(NH,),pyCl,, 
identical with the substance previously described. The reaction 
of pyridine with Cossa’s potassium salt appears to be more complex 
than that of ammonia, and needs further study (compare Klason, 
Ber., 1904, 37, 1355). 


The triammine salt, [Pt(NH,),Cl][Pt(NH,Cl)Cl,], which, like 
(Il), is empirically isomeric with the diammino-dichlorides, was 
prepared by mixing equivalent solutions of Cossa’s potassium salt 
and of the triammine. The voluminous pinkish form which first 
separates changes rapidly to denser yellow crystals (Found: Pt, 65-0. 
Cale. : Pt, 65-05%). It crystallises from water in dendritic yellow 
scales; from dilute hydrochloric acid in well-defined, square 
plates of orange shade. The substance gives with aqueous potass- 
ium chloroplatinite a precipitate of the pink plato-salt of the 
triammine, Cossa’s potassium salt remaining in solution. 


Crystallographic Examination of the Tetrammines. 


(By E. G. Cox.) 


Goniometric examination has confirmed that the tetrammines 
Pt(NH,),Cl, prepared from either the «- or the $-diammine are 
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identical. An X-ray examination of this substance, which crystal- 
lises with one molecule of water, is now nearing completion. It is 
tetragonal, with a = 7:30, c = 4-23 A.U.; space-group probably 
Di or Di,. The evidence obtained so far seems to indicate that 
the four ammonia groups are situated at the corners of a square 
around the platinum atom, the water molecules lying midway 
between platinum atoms in a direction inclined to the plane of the 
ammonias. 

An examination of the mixed tetrammine, «-Pt(NH;),py,Cl,,H,O 
is also being made; by means of X-ray photographs it has been 
found that the two substances of the above formula prepared by 
the action of pyridine on the «-diammine, and of ammonia on the 
a-dipyridine, respectively, are identical. The compound is either 
monoclinic, or triclinic with « and y nearly 90°. In any case, it 
seems that the molecule has at most a plane or an axis of symmetry. 


Summary. 

(1) It is shown that the isomeric mixed tetrammines, 
Pt(NH;),py,Cl, are not necessarily cis- and trans-isomerides of 
planar configuration, as supposed by Werner; this isomerism can 
be explained by the assumption that the co-ordinate links between 
the ammino-groups and platinum are paired. 

(2) There is, so far, no definite chemical evidence as to whether 
the ammino-groups in the tetrammines have a planar or a tetrahedral 
distribution. 


We wish to express our thanks to the Department of Scientific 
and Industrial Research, to the Research Fund Committee of the 
Chemical Society, and to Imperial Chemical Industries, Ltd., for 
grants which have partly covered the expense incurred in the work. 
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131. Effect of Solvents and Temperature on the Optical 
Rotation of Esters of Menthyl and Bornyl Hydrogen 
Xanthates, and on Menthyl and Bornyl Dixanthides. 


By Inenz Mary MoAtprnz. 


TsonuGcaEv (Ber., 1909, 42, 2244; Z. physikal. Chem., 1910, 74, 
503) found that menthyl methyl xanthate, bornyl methyl xanthate, 
and the corresponding dixanthides in toluene solution showed 
anomalous rotation dispersion at high rotations. The methyl, 
isopropyl, benzyl, and p-nitrobenzyl esters of menthyl hydrogen 

















Specific rotation. 
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xanthate, bornyl methyl xanthate, and menthyl and bornyl] dixanth- 
ides were therefore examined at laboratory temperatures in the 
usual solvents for six colours of light ranging from 4 = 6716 to 
4 = 4358. Although the values for the specific rotations varied 
considerably with change of solvent, yet the rotation dispersion 
remained anomalous throughout. For the menthyl xanthates 
there is approximate similarity of order of effect of the different 
solvents. This order is reversed for bornyl methyl xanthate, and 
changes very considerably with the dixanthides. 

The change of rotation with temperature in various solvents is 
small in all cases except those of menthyl benzyl xanthate and 


Fia. 1. 
Position of characteristic diagrams for menthyl xanthates. 
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menthyl p-nitrobenzyl xanthate. The latter ester in ethylene 
dibromide solution at 16° gives the only example of apparently 
simple rotation dispersion found in this work, the rotation becoming 
visibly anomalous above this temperature. All the curves are 
smooth, and show no maxima, minima, or points of inflexion. 
Increase of concentration of menthyl methyl xanthate in pyridine 
solution at low temperatures diminishes the rotation, but increase 
of temperature causes the values to tend towards a common number. 
The successive introduction of the isopropyl, benzyl, and p-nitro- 
benzyl groups into the xanthate molecule progressively reduces the 
rotation compared with the values obtained for the methyl ester, 
whereas formation of the dixanthide increases markedly the value 
LL 
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of the rotation. The latter holds also for the bornyl derivatives. 
The range of rotation observed for each substance in the different 
solvents is also similarly affected, and the characteristic diagrams 
for the different esters indicate very large regions of anomalous 
rotation dispersion, the diagrams being completely non-super- 
imposable in spite of the fact that the variable group is not attached 
to the asymmetric carbon atom. One of these, that of menthyl 
methyl xanthate, is shown in full (see Fig. 1), the remainder of the 
diagrams for the menthyl xanthates being represented by the 
triangle enclosed by the lines 4 = 6716, 4916, 4358 (red, blue, and 
violet), in order to avoid confusion. Further details regarding the 
various characteristic diagrams are given in the following table : 


Extent of Value of [a)};4,; at point of intersection of 








anomalous the green line with 
Substance. region. 2 1. y. b. v. 

Menthyl methyl —6°to —37-5° —46-0° —55-0° —83-0° —113-0° 
xanthate — 122° 

Menthyl isopropyl Oto —103 35:5 42-5 45:5 67-0 92-5 
xanthate 

Menthyl benzyl -—86-3 to 24-0 28-8 33-4 55-0 83-5 
xanthate —93°5 

Menthyl p-nitro- -—19-0to 23-2 25-5 26-0 48-5 74:8 
benzyl xanthate — 85-0 

Menthyl di- +56 to 42-0 33-0 74-0 173-0 308-0 
xanthide —402-0 

Bornyl methyl —140to 20-0 22-3 29-0 54:3 101-8 
xanthate — 130-0 

Bornyl dixanthide —6-7 to 25-5 18-2 6-7 71-5 128-4 

— 150-0 


Thus this group of substances appears to be unique because of 
the great size of the region of anomalous dispersion, and of the 
change in the characteristic diagram from substance to substance, 
whereas the menthyl esters of the nitrobenzoic and substituted 
nitrobenzoic acids (Kenyon and Pickard, J., 1915, 107, 35) lie on 
one characteristic diagram with a small region of anomalous dis- 
persion at [a];44, = 55° to 70°, the remaining menthyl esters 
investigated lying on a diagram with little or no region of anomalous 
dispersion at the origin of rotation. 

The individual data are given below. 


Menthyl Methyl Xanthate. 


In various solvents at 17°. 


Solvent. Cone. [a],,. [a]rg- [aly. [a],. [a]p. [a]e- 
C,H 5 —67-6° —75-1° —83-6° —89-8° —91-6° ~—49-5° 
EtOH 16 68:17 = 76-1785 93-0 95-0 53-0 
Bu0OQH 2:0 666 74-00 8362 8850 89:87... 39-95 
C,H.N 5 ° 690 77-4 84-68 91-90 93-8 47-3 
CHCl, 5 66-1 73-9 82-9 88-70 90-60 395 
C,H,Br, 6. 576 63-4 710-3 7123. > 66-68: + 6:20": 
C,H, NO, 5. 66-4 713-4 80-8 87-6 89-4. —37-0..:, 
GHN 5 534 59-8 65-4 66-2 60-4 4-17-40 
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Temp. Density. 
12° 0-9927 
26 0-9787 
40:2 0-9646 
57°38 00-9468 
78-0 0-9265 
97-0 00-9074 
14:0 0-9972 
30-5 0-9812 
45-5 0-9666 
59-2 0-9533 
77-2 0-9363 
13-5  1-0400 
32-5 0-9855 
46-0 0-9623 
61-5 0-9471 
79-0 00-9301 
22:0 2-065 
41-1 2-0278 
58-0 1-9945 
78-0 1-9548 
96-0 1-9240 
14-5 1-0952 
34:0 1-0795 
45-0 1-0705 
60-0 1-0585 
78-0 1-0432 
92-0 1-0316 


Solvent. Conc. 


C,H, 
BuOH 
C;,H,N 
CHCl, 
C,H,Br, 
C,H,;‘NO, 
C,H,N 


Cr Sr Gr Sr Gr bo Gr 


Temp. Density. 


12-4° 2-066 
31-0 2-030 
47-3 1-999 
63-0 1-967 
781 1-938 
930 §=1-908° 


In pyridine (p = 5-055). 


[a)r,- [a}rs- [a]y. [a]g. 
—67-70° —74:93° —84-58° —90-22° 
67-67 74-05 84-08 89-73 
67-50 73-94 83-24 89-27 
66-53 73°84 82-98 88-98 
66-00 73-61 82-30 88-03 
66-14 71-61 80-69 85-73 
In pyridine (p = 20-00). 
65-54 73-85 82-06 87-68 
65-51 73-78 81-91 87-54 
64-90 73°22 81-42 87-05 
64-72 73-05 81-20 86-71 
64-13 72-74 80-98 86-38 
In pyridine (p = 32-28). 
—63-76 —69-84 —77-48 —82-48 
64-20 72-05 80-00 85-20 
65-16 72-70 80-68 85-88 
64-63 72°43 80-60 85-71 
64-56 72-38 80-27 85-63 
In ethylene dibromide (p = 4-825). 
—59-:06 —64:56 —70-58 —73-48 
59-80 64-93 71-03 74-27 
59-65 65-39 71-64 74-98 
60-22 65-92 72-54 75°86 
60-33 66-03 72-42 76-24 
In quinoline (p = 5-53). 
—52-91 -—6828 —62-67 —65-98 
53-56 59-00 63-89 66-96 
54-33 59-10 64-45 67-55 
54-65 59-78 65-12 68-18 
54-60 60-50 65-70 69-04 
55-31 61-03 66-29 


69°50 


Menthyl isoPropyl Xanthate. 


In various solvents at 22-5°. 


(a],,. 
—56-85° 
57-33 
57-20 
55-20 
48-60 
55-12 
47-00 


[a]; 
—46-10° 
46-82 
47-44 
47-94 
48-44 


[a]r,- [a]y. [a]g. 
—62-60° —69-65° —T75-30° 
61-63 69-30 75:37 
63-00 69-80 76-40 
61-60 68-80 74-10 
52-60 55-50 58-50 
58-80 64-08 69-60 
51-40 54-80 57-40 
In ethylene dibromide (p = 5-091). 

[a]r,- [a]y- [a],- 
—51-10° —55-56° —57-70° 
51-95 56-84 59-00 
52-86 57-57 59-93 
53-43 58-42 61-40 
54-33 59-08 62-43 
54-45 59-60 63-20 


48-79 
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[a]p- 
—93-30° 
92-43 
92-02 
91-34 
91-23 
88-41 


89-39 
89-04 
88-56 
88-26 
87-78 


— 82-47 
86-00 
86-58 
86-09 
86°38 


— 68-18 
68-88 
69-74 
71-02 
71-94 


—59-10 
59-98 
62-12 
63-76 
64-69 
65-12 


[a]}p- 
—77-60° 

78-00 
78°80 
75-80 
53-20 
70-72 
52-40 


[a]o- 
—52-56° 
54-65 
56-20 
57-90 
59-48 
60-73 
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[a]y 
—44-79° 
42-89 
41-21 
40-42 
39-71 
38°77 


36°88 
35°67 
34-96 
34-09 
33°29 


— 22:84 
30°08 
30-82 
31-52 

Unread- 
able 


+6-43 
4°36 
2-566 

—0-63 
5-29 


+ 19-89 
16-79 
15-63 
14°55 
14-04 
13-50 


[a}y. 

—43-90° 

43-25 

47-60 

41-80 
+ 2-00 
— 28-20 
+ 2-50 


[a]y. 
4+-5°42° 
3-677 
0-295 
—3-397 
5-94 
7-35 
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Menthyl Benzyl Xanthate. 
In various solvents at 23°. 


Solvent. Conc. [a}r,. [ary [aly- [a]z. 
C,H, 5 —35-00 —38-73 —41-:80 —43-50 
BuOH 2 33-00 35-50 38-00 39-00 
C;H,N 5 35-00 37-90 40-90 42-82 
CHCl, 5 35-00 38-98 41-85 43-05 


C.H,Br, 5 27-40 30:28 30:26 30-34 
C,H;NO, 5 2960 31-80 32:80 33-30 
C,H,N 5 25:20 2680 26-80 26-40 


In ethylene dibromide (p = 5-163). 


Temp. Density. [a]. [a]r,- [a]y. [al], 
110° 2-084 —25-65° —27-06° —28-06° —26-85° 
29-2 2-049 27-98 30-11 30°81 30-44 
44-0 2-020 29-53 32-14 33-55 33-36 
62-0 1-985 31-37 34-44 36°34 36-83 
78-2 1-953 33-19 39-10 38-98 39-42 
95-0 1-920 34-19 37°82 40°85 41-66 

In benzene (p = 5-615). 
13-0 0-8940 —34-45 —37-82 —40°:84 —42-23 
28-8 0°8777 36°33 40°38 44-03 46-26 
43-5 0-8625 37°79 41-91 46-03 48-92 
59-0 0-8460 39-15 43-78 48°12 50-94 
75-0 0-8290 40-60 44-63 50-05 52-84 


Menthyl p-Nitrobenzyl Xanthate. 


In various solvents at 24°. 
Solvent. Conc. [a],,. [a]ry: [al,. [a],. 


C,H, 5 —28-90° —31-60° —34:10° —34-60° 
BuOH 2 21:26 2126 20-50 19-62 
C,H,N 5 27:90 2970 31:00 31°75 
CHCl, 5 2615 27:80 28:10 28-60 
C.H,Br, 5 20:20 2000 1920 18-00 
C,H, NO, 5 21:90 2230 21-90 21-32 
C,H,N 5 2360 2440 24:30 24-00 


In ethylene dibromide (p = 5-046). 


Temp. Density. [a);,. [a]r,- [a],. [ag 
16°3° 2-084 —19-81° —18-44° —17-04° —15-84° 
29-3 2-060 21-84 22-09 21-33 20°38 
44-0 2-033 23-73 24-71 24-92 24-38 
59-0 2-003 25-79 27-46 28-11 27-79 
75-0 1-971 27-98 30-00 31-25 31-51 
91-5 1-938 29-69 32-42 34:59 34-94 


In benzene (p = 5-555). 


18-0 0°8933 —29°93 —32-54 -—34:45 —35-96 
31-5 08790 30-52 33-93 36-66 38-29 
46-0 08628 31-51 35-16 38-19 40°27 
60-0 08480 32-58 36-84 40°34 42-04 
73-5 0°8334 32-92 37°78 41-00 43-31 


[a}n. 
—39-40 
34°55 
39-00 
38-60 
21-92 
25-80 
16-80 


[a]p. 
—15-78° 
21-79 
25°40 
29-88 
33°42 
36-61 


— 38-01 
42-40 
45-41 
49-45 
51-97 


(a]}p- 
—29-00° 
8-00 
25-20 
20-00 
5-00 
10°32 


15-60 


[a]p. 
— 2-69° 
9-093 
14-07 
18-80 
24-04 
27-95 


—30°73 
33-67 
36°37 
38°34 
41°36 


[a}y. 
+ 9-20 
+19-75 
+11-00 
+ 9-80 
-+41-00 
+32-00 
+47-20 


la}. 
+47-48° 
39-42 
34-02 
27-22 
20-62 
16-18 


-+-11-965 
4-06 
— 0-21 
5-89 
10-23 


[a]y- 
+-19-30° 
55-00 
27-40 
34-70 
59-00 
Unread- 
able 
44-40 


[a]y- 
+62-73° 
54-84 
45-99 
37°94 
29-16 
21-52 


+ 15°52 

10-44 
7-095 

2-76 
0-216 
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Solvent. Conc. 


EtOH 0-5 
BuOH 
C,H,N 
CHCl, 
C,H,Br, 
C,H,‘NO, 
C,H,N 


AA ao po 


Temp. Density. 
12-7° 0-8954 
28:2 0-8790 
0-8654 
0-8482 
0-8362 


5 1-459 
7 1-428 
‘8 1-407 
7 1-392 


EtOH 
BuOH 


_ 
or 
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Temp. Density. 
14-0° 0-9951 
32-00-9751 
48-0 0-9390 
61-5 0-9455 

0-9280 

0-9137 


7 2-092 

7 2-053 

3 2-0215 
‘3-1-9955 

8 

3 





1-9555 
1-9220 


1-0974 
1-0820 
1-0688 
1-0575 
1-0452 
1-0355 








Solvent. Conc. 





[a}e,- [a]rs- [a]y. [a],. 
—175-0° ~—203-5° —234-1° —259-9° 
229-0 278-0 312-0 342-0 
214-5 254-0 291-0 318-5 
176-2 203-0 236-6 262-5 
219-4 253-4 291-6 326-6 
221-0 255-4 293-2" 327°8 
177-0 204-6 233-8 256-6 
149-2 170-8 197-2 216-8 
In benzene (p = 5-598). 
[a}rn- [a}rs- [a]y. [a],. 
—182-4° —208-8° —238-1° —261:7° 
182-4 208-5 238-1 263-9 
182-5 209-4 238-7 264:3 
182-9 210-9 240-8 266-1 
182-6 210-9 240-9 266-7 
In chloroform (p = 5-104). 
—227-°9 —262:9 —298-9 —335-1 
222-7 254-5 293-2 327-7 
219-6 250-5 290-4 - 324-6 
213-3 245-4 283-1 317-6 
Bornyl Methyl Xanthate. 
In various solvents at 17°. 
[a]r,- [a]rs- [a]y. [a]. 
—29-2° —31-5° —346° —365-8° 
32-67 35-33 39-00 40°33 
31-75 35-00 40-75 41-00 
27-2 29-6 31-0 31-1 
33-4 36-5 41-5 42-3. 
37-05 40-4 46-5 49-0 
38-4 43-4 50-2 52-4 
29-90 33-00 36-00 37-6 
In pyridine (p = 5-012). 
[a},,- [a]ra- [a],. [a]g. 
—27-32° —29-84° —31-65° —32-09° 
25°39 28-00 29-59 29-78 
24-06 26-97 27:77 - 27-83 
22-95 25-00 26°13 25-86 
21-60 23-32 24-49 23-66 
20-51 22-01 22-59 22-25 
In ethylene dibromide (p = 5-274). 
—38-02 —42-62 -—47-31 —50-04 
35-30 39-18 42-89 45-12 
32°89 36-12 39°57 41-33 
31-07 34-07 37°25 38°37 
27-94 30°85 33-05 33-95 
25-54 28-13 29-94 30°18 
In quinoline (p = 4-997). 
—31-1l —3430 —36-48 —38-17 
29-83 32-60 34°34 35-60 
26-45 30-25 32-03 33-00 
25-43 28-30 30°76 30-76 
24-90 27-29 28-90 28-50 
24-16 26-22 26-93 26-58 
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Menthyl Dixanthide. 


In various solvents at 22°. 


1021 





[a]v. [a]y. 
—294-1° —217-7° 
412-0 376-0 
376-5 322-5 
291-6 214-5 
384-2 358-0 
390-6 343-6 
291-0 206-0 
233-6 126-0 
[a]p. [a]y. 
—298-6° —213-4° 
301-8 216-3 
301-2 220-8 
303-5 220-8 
303-9 220-8 
—395°8 —371:3 
385-5 354-9 
380-2 345-7 
370-5 332-8 
[a]p. [a]y- 
—30-0° +18-0° 
35:67 — 0°33 
35:67 — 0°75 
25-4 + 24-00 
39-1 + 2-7 
47-2 — 67 
54-6 —23-8 
33-4 + 8-4 

_. [a]o. [aly 
—26-08° -+-25-30° 
22-44 28-61 
20°48 31-08 
18-07 33°54 
15-75 36-68 
13-78 38-49 
—48-93 — 9-27 
43-01 1-033 
38°19 + 551 
34-40 10-04 
28-81 17-61 

24:30  Unread- 
able 
—33-05 +10-05 
30-69 16-47 
26-10 20-59 
24-31 23-90 
21-91 27°17 


20:77 Unreadable 








1022 CHATTAWAY AND ADAIR: 


Bornyl Dixanthide. 


In various solvents at 22°. 


Solvent. Conc. [a]. [a]rs- [aly. [a]g- [a]p- [a]y- 
C,H, 5 —36-30° —39-60° —41-98° —45-60° —38-00° -+44-90° 
EtOH 1 57-50 65-00 72-00 73-00 8100 —22:77 
BuOH 2 56-00 64-50 72-00 77-00 79-00 20-00 
C,H,N 5 39-40 43-00 45-60 48-60 42-60 +35-20 
CHCl, 5 54-7 64-00 70-20 75°30 76°30 —17-50 
C,H,Br, 5 40-60 44-20 49-10 51-80 46-40 +30-20 
C,H, NO, 5 50-00 57-80 64-20 69-20 68:00 — 6-00 
C,H,N 5 44-00 51-40 56-20 59-20 57:00 +15-20 


In benzene (p = 5°54). 

Temp. Density.  [a],,. [a]rs- [a],. [a]g- [a]o. [ale- 
12-6° 08968 —36-68° —40-35° —43-53° —44-54° —38-00° +46-22° 
27-0 00-8816 37-31 42-24 45-31 47-21 39°81 41-28 
45-8 08626 38-65 43-52 47-00 49-09 42-16 39-96 
55-8 00-8532 39°43 44-00 48-59 49-46 43-09 37-48 
72-0 0-8364 39-50 44-17 48-48 50-10 43-57 36-67 

In chloroform (p = 5-088). 
115 1-476 —55-23 —63-23 —69-88 —76-34 —T78-97 —23-29 
30:8 1-441 54-43 61-35 69-34 75°10 77°28 18-06 
43-8 1-417 54-77 61-94 68-77 73-97 74-67 13-25 
55-0 1-397 54-14 60-94 67°73 73°35 73°35 12-20 


The author’s thanks are due to the Trustees of the Ramsay 
Memorial Fellowship for a grant which helped to defray the cost 
of the earlier part of this investigation, and also to Professor T. 8S. 
Patterson for the use of his polarimetric equipment and for his 
general interest in the work. 


UNIVERSITY oF GLASGOW. [Received, November 10th, 1931.] 





132. Derivatives of 4: 5-Diketopyrazoline. 
By FREDERICK DANIEL CHATTAWAY and ALLAN ADAIR. 


In continuation of previous work on the influence of halogen atoms 
on ring closure in the diketopyrazoline series (J., 1927, 1323) the 
action of 2: 5-di- and 2:4: 5-tri-chlorophenylhydrazine upon di- 
hydroxytartaric acid and oxalacetic ester has been studied. 

When 2 : 5-dichlorophenylhydrazine acts upon dihydroxytartaric 
acid, an osazone, diketosuccinic acid 2 : 5-dichlorophenylosazone (1), 
is formed. On crystallisation from acetic acid or from acetic 
anhydride it yields exclusively diketosuccinic anhydride 2 : 5-dichloro- 
phenylosazone. 

(HO),0-CO,H elaine O,H,Cl,-NH-N:0-CO,H OR 
(HO),C-CO,H ~ ae ye -C:-CO,H Ha 





; =0-C0,Et 
CoH N< 0, (N‘NH-C,H,Cl, 
(II.) 
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Acidification of the sodium salt of the osazone by hydrochloric 
acid does not bring about ring closure, but when the osazone or its 
anhydride is boiled with an alcoholic solution of hydrogen chlor- 
ide ethyl 4 : 5-diketo-1-(2’ : 5'-dichlorophenyl)pyrazoline-3-carboxylate 
4-(2” : 5’’-dichlorophenylhydrazone) (II) is formed. 

The substance (II) can also be obtained from oxalacetic ester, 
which, in the presence of sodium acetate, couples with 2 : 5-di- 
chlorobenzenediazonium chloride to give ethyl diketosuccinate 2 : 5- 
dichlorophenylhydrazone. This condenses with 2 : 5-dichloropheny]l- 
hydrazine and gives the corresponding osazone (as I), from which 
(II) is obtained by heating with alcoholic hydrogen chloride. On 
hydrolysis the ester (II) gives the pyrazolonecarboxylic acid. 

In the same way ethyl diketosuccinate 2: 4: 5-trichlorophenyl- 
osazone is prepared by coupling 2 : 4 : 5-trichlorobenzenediazonium 
chloride with oxalacetic ester and condensing the product with 
2:4: 5-trichlorophenylhydrazine. The corresponding diketosuccimic 
acid 2:4: 5-trichlorophenylosazone is prepared from dihydroxy- 
tartaric acid and trichlorophenylhydrazine. 

The introduction of a third chlorine atom into each nucleus 
considerably diminishes the solubility of these compounds. Although 
diketosuccinic acid 2:4: 5-trichlorophenylosazone is easily con- 
verted into its anhydride, neither it nor its ester readily undergoes 
pyrazolone ring closure, which can be brought about only under 
conditions which cause the elimination of the carboxyl group, with 
formation of 4: 5-diketo-1-(2’ : 4’ : 5’-trichlorophenyl)pyrazoline-4- 
(2” : 4” : 5” -trichlorophenylhydrazone) (III). 


C,H,Cl,"NH-N:0-CO,H C.H.cL.:N-N—OH 
C,H.Cl,-NH-N:C-CO,H . “8 <co. -N-NH-C,H,Cl, 


That ring closure occurs prior to the elimination of the carboxyl 
group is made probable by the stability of carbethoxyglyoual-2 : 4 : 5- 
trichlorophenylosazone (V), obtained by coupling 2: 4 : 5-trichloro- 
benzenediazonium chloride with formylacetic ester and condensing 
the resulting hydrazone (IV) with 2 : 4 : 5-trichlorophenylhydrazine. 


HO HO H-N-NH-C,H,Cl, 
oi — PNNT ORC, —- ENT C, 
O,Et O,Et (IV.) O,Et (V-) 

This osazone can be recovered unchanged after prolonged heating 
with alcoholic hydrogen chloride or acetic anhydride. It cannot 
satisfactorily be hydrolysed to the corresponding acid owing to 
marked decomposition when heated with alkali, but carboxyglyoxal- 
2:4: 5-trichlorophenylosazone (as V) is readily obtained by con- 
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densing dibromopyruvic acid with 2 : 4 : 5-trichlorophenylhydrazine 
and similarly does not undergo pyrazolone ring closure. 


EXPERIMENTAL. 

Diketosuccinic Acid 2: 5-Dichlorophenylosazone (1).—A solution 
of 3 g. of sodium dihydroxytartrate (1 mol.) in 14 c.c. of equal 
parts of concentrated hydrochloric acid and water was added to a 
solution of 5 g. of 2: 5-dichlorophenylhydrazine hydrochloride (2 
mols.) in 200 c.c. of water. The mixture was stirred for 5 hours 
and finally heated to 80°. Diketosuccinic acid 2 : 5-dichlorophenyl- 
osazone, which separated as a yellow solid, was washed with boiling 
water and dried at 110° (yield, 5 g.); m. p. 195° (decomp.). It 
cannot be crystallised unchanged (Found : Cl, 30-6. C,gH,0,N,Cl, 
requires Cl, 30-6%). 

When the acid (2-4 g.) was dissolved in 30 c.c. of boiling acetic 
anhydride, a deep red solution was obtained, from which, on cooling, 
diketosuccinic anhydride 2 : 5-dichlorophenylosazone separated quan- 
titatively as orange hair-like needles, m. p. 233° (Found: Cl, 31-9. 
+ygH,O,N,Cl, requires Cl, 31-8%). 

Diketosuccinophenylhydrazide 2 : 5-dichlorophenylosazone, obtained 
quantitatively from the corresponding anhydride (2 g.) and phenyl- 
hydrazine (1 g.)in boiling acetic acid (30 c.c.), crystallised from xylene, 
in which it was sparingly soluble, as hair-like orange-brown needles, 
m. p. 286° (Found: Cl, 26-4. C,.H,,0,N,Cl, requires Cl, 26-5%). 

ithyl 4: 5-Diketo-1-(2’ : 5'-dichlorophenyl)pyrazoline-3-carboxylate 
4.(2"’ : 5'’-Dichlorophenylhydrazone) (I1).—(a) 3-3 G. of diketosuccinic 
acid 2 : 5-dichlorophenylosazone (or its anhydride) were boiled for 
4 hours with 25 c.c. of alcohol saturated with dry hydrogen chloride. 
A yellow solution was obtained, from which, on cooling, the 
hydrazone (11) separated as a yellow crystalline solid. It crystallised 
from acetic acid, in which it was moderately easily soluble, as thin 
orange-yellow plates, m. p. 213° (Found : Cl, 29-7. C,,H,,0,N,Cl, 
requires Cl, 29-9%). 

(b) A solution of 5 g. of 2: 5-dichloroaniline in 8 c.c. of acetic 
acid and 24 c.c. of concentrated hydrochloric acid was diazotised 
below 0° by 2-5 g. of sodium nitrite in 10 c.c. of water. The filtered 
solution was added drop by drop to an ice-cold mixture of 1-8 g. of 
ethyl oxalacetate, 50 g. of crystalline sodium acetate, and 100 c.c. 
of water. Hthyl diketosuccinate 2 : 5-dichlorophenylhydrazone, which 
slowly separated (4/5 g.), crystallised from light petroleum, in which 
it was moderately easily soluble, as golden-yellow plates, m. p. 101° 
(Found : Cl, 19°7. C,,H,,0,;N,Cl, requires Cl, 19-7%). 

When 0-8 g. of this hydrazone, dissolved in a little alcohol, was 
added to a hot alcoholic solution of 0-5 g. of 2 : 5-dichlorophenyl- 
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hydrazine hydrochloride, ethyl diketosuccinate 2 : 5-dichlorophenyl- 
osazone separated as a yellow solid. It crystallised from light 
petroleum, in which it was sparingly soluble, as small crystalline 
nodules, m. p. 207° (Found: Cl, 27-1. OC. 9H,,0,N,Cl, requires 
Cl, 27-3%). When the osazone was boiled with alcoholic hydrogen 
chloride, and the solution cooled, the pyrazolone (II), identical with 
that obtained in (a), separated as small yellow plates. 

4 : 5-Diketo-1-(2' : 5’-dichlorophenyl)pyrazoline-3-carboxylic acid 4 
(2’’ : 5’-dichlorophenylhydrazone) (as I1) was obtained quantitatively 
when 1-3 g. of the ester (II) were boiled with 100 c.c. of 10% aqueous 
sodium hydroxide for 7 hours and the cooled mixture acidified by 
hydrochloric acid. It crystallised from acetic acid, in which it was 
moderately easily soluble, as short orange prisms, m. p. 214° 
(decomp.) (Found : Cl, 31-9. C,,H,O,N,Cl, requires Cl, 31-9%). 

Diketosuccinic Acid 2:4: 5-Trichlorophenylosazone.—A_ solution 
of 36 g. of 2:4: 5-trichlorophenylhydrazine hydrochloride in 
100 c.c. of hot water was rapidly cooled to produce small crystals. 
The subsequent treatment with sodium dihydroxytartrate (1-6 g. in 
20 c.c. of concentrated hydrochloric acid and 20 c.c. of water) was that 
described for the preparation of the dichloro-compound. Diketo- 
succinic acid 2 : 4 : 5-trichlorophenylosazone separated quantitatively 
as a red solid which decomposed when heated and could not be 
crystallised without partial conversion into the anhydride (Found : 
Cl, 40-6. C,,H,O,N,Cl, requires Cl, 40-0%). 

When the acid (5-2 g.) was boiled with acetic anhydride (50 c.c.) 
for } hour, it was converted into the anhydride, which crystallised 
from xylene, in which it was sparingly soluble, as deep orange 
plates (4-7 g.), m. p. 295—300° (Found: Cl, 41:0. C,,H,O,N,Cl, 
requires Cl, 41-3%). 

Ethyl Diketosuccinate 2 : 4 : 5-Trichlorophenylosazone.—5 G. of tri- 
chloroaniline in 10 c.c. of acetic acid and 30 c.c. of concentrated 
hydrochloric acid were diazotised below 0°, with 2 g. of sodium 
nitrite in 10 c.c. of water. The filtered solution was slowly run 
into an ice-cold well-stirred mixture of 5-1 g. of ethyl oxalacetate, 
70 c.c. of alcohol, and 50 g. of crystalline sodium acetate. Ethyl 
diketosuccinate 2:4: 5-trichlorophenylhydrazone separated as a 
reddish solid which could not be obtained crystalline and so was 
immediately converted into the osazone, 3-4 g. being boiled with 
2-5 g. of 2: 4: 5-trichlorophenylhydrazine hydrochloride in 25 c.c. 
of alcohol. On cooling, ethyl diketosuccinate 2 : 4 : 5-trichlorophenyl- 
osazone separated as a brown solid. It crystallised from boiling 
toluene, in which it was readily soluble, as yellowish-brown plates 
with a faint blue reflex; m. p. 224° (yield, 3-5 g.) (Found: Cl, 
36:1. Cy 9H,,0,N,Cl, requires Cl, 36-2%). 

LL2 
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4 : 5-Diketo-1-(2' : 4’ : 5'-trichlorophenyl)pyrazoline-4-(2" : 4": 5”’- 
trichlorophenylhydrazone) (II1).—2-9 G. of diketosuccinic anhydride 
(or acid or ester) 2 : 4: 5-trichlorophenylosazone were heated with 
20 ¢.c. of alcohol, saturated with dry hydrogen chloride, in a sealed 
tube at 130° for 9 hours. On cooling, the pyrazoline derivative (III) 
separated : after being washed with chloroform to remove a little 
decomposition product, it crystallised from boiling xylene, in which 
it was sparingly soluble, as orange-coloured, hair-like, felted needles, 
m. p. 308—-310° (decomp.) (Found; Cl, 45:3; N, 12-2. C,;H,ON,Cl, 
requires Cl, 45-2; N, 11-9%). 

Carbethoxyglyoxal-2 : 4 : 5-trichlorophenylhydrazone (IV).—3-9 G. 
of 2:4: 5-trichloroaniline in 20 ¢.c. of concentrated hydrochloric 
acid were diazotised below 0° by 1-5 g. of sodium nitrite in 10 c.c. 
of water, and the filtered solution was dropped into a well-stirred 
ice-cold mixture of 4-0 g. of sodioformylacetic ester (prepared by 
the action of ethyl formate upon ethyl acetate in the presence of 
sodium, in dry ether; compare Wislicenus, Ber., 1887, 20, 2931), 
100 c.c. of water, and 30 g. of crystalline sodium acetate. Carb- 
ethoxyglyoxal-2 : 4 : 5-trichlorophenylhydrazone separated as a yellow 
viscid solid, which was extracted with chloroform, the solution 
dried over sodium sulphate, and the chloroform evaporated on the 
water-bath. On cooling, the dark viscid mass soon solidified. It 
crystallised from alcohol, in which it was readily soluble, as 
brownish-yellow, small, irregular plates (6-1 g.), m. p. 118° (Found : 
Cl, 32-5. C,,H,O,N,Cl, requires Cl, 32-8%). 

Carbethoxyglyoxal-2 : 4 : 5-trichlorophenylosazone (V).—To a solu- 
tion of 2+1 g. of trichlorophenylhydrazine hydrochloride in 40 c.c. 
of boiling alcohol, 2-8 g. of carbethoxyglyoxal-2 : 4 : 5-trichloro- 
phenylhydrazone in 15 c.c. of hot alcohol were added. Carbethoxy- 
glyowal-2 :"4 : 5-trichlorophenylosazone, which separated at once, crys- 
tallised from xylene, in which it was moderately easily soluble, 
as felted yellow needles (3-1 g.), m. p. 242° (Found: Cl, 41-3. 
C,,H,,0,N,Cl, requires Cl, 41:2%). 

Carboxyglyoxal-2 : 4 : 5-trichlorophenylosazone (as V).—When 2:5 g. 
of dibromopyruvic acid, dissolved in a little cold alcohol, were 
added to an alcoholic solution of 5 g. of 2: 4: 5-trichlorophenyl- 
hydrazine hydrochloride, carboxyglyoxal-2 : 4 : 5-trichlorophenylos- 
azone separated, and was collected after 10 minutes’ heating on the 
water-bath. It crystallised from nitrobenzene, in which it was 
easily soluble, as a felted mass of slender orange-yellow prisms, 
m. p. 284° (Found: Cl, 43-6; N, 11-4. C,;H,O,N,Cl, requires Cl, 
43-5; N, 11-4%). 


THE QUEEN’s CoLLEGE LABORATORY, 
OxrForD. [Received, January 4th, 1932.] 
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133. The Structure of the Glutaconic Acids and Esters. 
Part III. «a-Carbethoxyglutaconic Esters. 


By Buawan SHOWKIRAM GIDVANI, GEORGE ARMAND RoBeErT Kon, 
and CiirrorD Rex WRIGHT. 


In Part I (Kon and Nanji, J., 1931, 560) it was shown that «-cyano- 
glutaconic esters can exist in «$- and Py-unsaturated varieties, 
usually in the form of equilibrium mixtures in which the fy-com- 
pound predominates. 

The corresponding carbethoxyglutaconic esters should by analogy 
exist in two forms (I) («f) and (II) (@y), and their general behaviour 


(CO, Et),C°CR-CHR’-CO,Et (CO, Et),CH-CR:CR”-CO,Et 
(I.) (II.) 

has now been shown to be similar to that of the cyano-esters, 

although no counterpart is found to the abnormal mode of alkyl- 

ation of some of the latter. 

Carbethoxyglutaconic esters are usually obtained in the form of 
equilibrium mixtures; these contain only a small amount of the 
«?-form, as shown by the results of ozonisation: there is no quantit- 
ative method available for the estimation of the isomerides present, 
Linstead and May’s iodometric method (J., 1927, 2665) being 
inapplicable to these substances. The proportion of the «$-form, 
however, appears in all cases to be less than 'in the corresponding 
cyanoglutaconic esters—a not unexpected result in view of the great 
tendency of the «-cyano-group to form the conjugated or «$-com- 
pound (compare Kandiah and Linstead, J., 1929, 2139; Linstead, 
ibid., p. 2498). 

Carbethoxyglutaconic esters react with sodium ethoxide, forming 
sodio-derivatives (CO,Et),CNa-CR:CR’*CO,Et (the metal is repre- 
sented as attached to carbon for the sake of simplicity); these in 
presence of water are dissociated, regenerating the ester, the extent 
of dissociation depending on the dilution and the acidity of the 
particular ester employed. A further, generally small, amount of 
ester can be obtained by saturating the alkaline solution, remaining 
after the removal of the first portion of ester, with carbon dioxide. 
The esters successively obtained in this way have been distinguished 
as “normal” and “labile” respectively (Bland and Thorpe, J., 
1912, 101, 871), although it has since been shown that the ‘“‘ normal ” 
and the “ labile ” forms of the cyano-glutaconic esters are identical 
and represent equilibrium mixtures (Kon and Nanji, loc. cit.). In 
the instances now studied, only the “normal” ester is a true 
equilibrium mixture; the “labile” ester consists almost entirely 
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of the By-ester. If the ester is liberated from the sodio (or potassio)- 
derivative by means of a weak organic acid in a neutral solvent, 
the pure fy-ester is obtained, showing that under these conditions 
only the keto-enol change proceeds to completion whilst the change 
involving the three-carbon system is arrested and a true equilibrium 
is not established (compare Hugh and Kon, J., 1930, 775; Kon 
and Nanjji, loc. cit.). From the comparative ease with which this 
false equilibrium can be attained it can be concluded that the 
mobility of the carbethoxyglutaconic esters is not of a high order. 

All the esters now studied alkylate on the «-carbon atom in agree- 
ment with the formulation of the sodio-derivatives given above. 
The parent member of the series, ethyl carbethoxyglutaconate 
({; R= R’= H), has been stated to alkylate in the y-position (Thorpe, 
J., 1911, 101, 249), but we were unable to investigate this reaction 
because we could not prepare the ester either by Thorpe’s method 
or by that of Easterfield and Silberrad (J., 1904, 85, 864). The 
crude ester obtained by the former method appeared to contain 
some of the glutaconic ester, as shown by the results of ozonisation ; 
but the separation of the ester from the accompanying cyclopropane 
derivative was impracticable. The process of extraction with alkali 
recommended for the separation of the glutaconic ester must lead 
to its conversion (through the sodium derivative) into the equili- 
brium mixture, and this can be more readily obtained from the 
By-isomeride, ethyl isoaconitate (II; R= R’ =H). The latter ester 
decomposes on distillation and cannot be purified, but its oxidation 
products show that it is correctly represented by the @y-formula; 
indeed, we were unable to identify any oxidation products derived 
from the «$-form, probably because the ethyl mesoxalate, which 
should have been isolated, may have undergone further oxidation. 

Ethyl isoaconitate readily forms an alkyl derivative, but alkyl- 
ation takes place in the «-, not the y-position : the structure of the 
product was confirmed by oxidation and by its behaviour with 
sodium ethoxide, a carbethoxyl group being eliminated with the 
production of ethyl «-methylglutaconate. 

Of the 8-substituted esters studied, ethyl «-carbethoxy-$-methyl- 
glutaconate (I and II; R = Me, R’ = H) presents several features 
of interest. It was originally prepared by Fichter and Schwab 
(Annalen, 1906, 348, 251), who hoped to obtain two stereoisomeric 
forms of it by condensing ethyl sodiomalonate with ethyl 6-chloro- 
crotonate and ethyl 6-chloroisocrotonate respectively ; on hydrolysis 
(with hot baryta) both preparations gave a mixture of the two 
8-methylglutaconic acids and therefore gave no clue to their con- 


figuration. 
It is now found that the tricarboxylic esters so obtained show 
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small but distinct differences in physical properties; and hydrolysis 
under carefully regulated conditions leads to different acids. The 
acid, m. p. 149°, is the sole product derived from the trans-ester 
(from ethyl chlorocrotonate), whilst its isomeride, m. p. 115—116°, 
is produced from the cis-ester (from ethy] chloroisocrotonate); the 
latter is probably also identical with the condensation product of 
ethyl tetrolate with ethyl sodiomalonate. The density of the 
trans-ester is distinctly higher than that of the cis, which is con- 
trary to the general rule, but perhaps too great an importance should 
not be attached to this observation in view of the complicated 
structure of the compound; and it must be remembered that a 
carboxyl group is lost in the course of the hydrolysis and this may 
well be the factor determining the configuration of the acid obtained. 
[t is clear that Fichter and Schwab’s failure to obtain the two 
stereoisomeric acids was due to the drastic method of hydrolysis 
adopted. 

For ordinary purposes the ester is prepared f-om the mixture 
of cis- and trans-chlorocrotonic esters consisting mostly of the cis- 
ester; the condensation product closely resembles the ester obtained 
from pure ethyl chlorozsocrotonate. 

Ozonisation shows that this ester contains a small amount of the 
«8-isomeride (II); the latter cannot exist in cis- and trans-forms 
and it is difficult to say which acid it should give on hydrolysis; 
but the amount present is small in any case. 

The reaction of the ester with sodium éthoxide is of special 
interest in view of the abnormal behaviour encountered in the closely 
related «-cyano-$-methylglutaconic ester, which forms a y-sodio- 
derivative and alkylates on the y-carbon atom. No such abnormal 
features are encountered in the present instance, except that a 
small portion of the ester, presumably the «$-ester contained in it, 
reacts with the loss of a carbethoxyl group (as ethyl carbonate), 
a behaviour which recalls that of ethyl «-cyano-fy-dimethyl-A-- 
propenedicarboxylate (Hope, J., 1922, 121, 2216; Kon and Nanjji, 
loc. cit.). The sodio-derivative formed from the remainder of the 
ester has the ordinary structure, gives an «-methyl derivative with 
methyl iodide, and when treated with benzoic acid regenerates the 
pure Py-ester; the latter is quite free from the «$-isomeride, because 
no trace of the easily detected ethyl acetoacetate is formed from it 
on oxidation with ozone. 

The closely related 6-phenylcarbethoxyglutaconic esters (I and IT; 
R = Ph, R’ = H) are similar in their general behaviour. A remark- 
able feature of their chemistry is that the yellow crystalline sodio- 
derivative from which these estwrs are derived, and which is formed 
in the condensation of ethyl ohenylpropiolate with ethyl sodio- 
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malonate in benzene (Michael, J. pr. Chem., 1894, 49, 20), appears 
to differ in constitution from those usually obtained. For instance, 
the ester is only slowly liberated from it by treatment with benzoic 
acid in dry ether and it cannot be methylated in a neutral solvent ; 
methylation does, however, take place in boiling alcoholic solution 
(Thorpe and Wood, J., 1913, 103, 1569). The ester liberated from 
it by means of mineral acids is a liquid, although it genérally 
deposits a quantity of the solid ester, m. p. 38°, on keeping. Oxid- 
ation with ozone shows that, whilst the solid is the pure fy-ester (IL), 
the liquid contains some of the «f-isomeride (I). The free ester 
forms a sodio-derivative which is practically colourless and from 
which the solid ester can be liberated with the aid of benzoic acid 
in a few minutes; it can, in addition, be readily methylated in a 
neutral solvent. The methylation product is in every case the com- 
pound obtained by Thorpe and Wood; and it has already been 
shown by Feist (Annalen, 1922, 428, 25) that the alkyl group enters 
the «-position. This fact, together with the formation of the 
Ry-ester with benzoic acid, proves that the colourless sodio-deriv- 
ative has the usual structure with the metal attached to the malonic 
residue (III). On the other hand, it seems probable that the yellow 
sodium compound first formed from ethyl sodiomalonate and ethyl 
phenylpropiolate has the metal attached to the other end of the 
chain (IV). 

(CO, Et),CNa’CPh:CH:-CO,Et (CO, Et),CH-CPh:CNa-CO,Et 

(ITT.) (IV.) 

The formula is similar to that originally proposed by Bland and 
Thorpe (J., 1912, 101, 868) except for the position of the double 
bond, which these authors assume to be in the «$-position. The 
reason for the formulation now suggested is that a similar condens- 
ation product can be prepared, although in poor yield, from ethyl 
phenylpropiolate and ethyl sodiomethylmalonate. This could give 
rise to either of the two sodio-derivatives (V) and (VI) according 
to whether the sodium or the methyl group of the addendum 
separated from the malonic residue : 

(CO,Et),CMe-CPh:CNa‘CO,Et (CO,Et),CNa*CPh:CMe-CO,Et 

(V.) (VI.) 

Oxidation of the resulting ester shows that the former assumption 
is correct; the sodio-derivative (V) cannot, of course, have the 
double bond in the «$-position, and it is reasonable to suppose 
that the sodio-ester (IV) is produced in an analogous manner and 
has a similar structure. 

If the above explanation be accepted, the behaviour of the yellow 
sodium compound (IV) becomes clear; the compound is not unlike 
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the well-known ethyl sodiodicarbethoxyglutaconate. The sodium 
is very strongly held and owing to the sparing solubility of the 
compound in neutral solvents it is not alkylated and is only slowly 
attacked by benzoic acid. In alcoholic solution it is evidently 
dissociated to some extent; the ester liberated can then react 
with sodium ethoxide to form the ordinary sodio-derivative (III), 
which is readily alkylated if a suitable reagent is present. The alkyl 
group accordingly enters the «-position even though the sodium was 
originally at the opposite end of the chain. The facts summarised 
above are in good agreement with Lapworth and Holden’s explan- 
ation of the mechanism of some seemingly abnormal cases of the 
Michael reaction (J., 1931, 2368) and would appear to provide 
further experimental support for their views. 

The formation of the sodio-derivative (IV) and of the correspond- 
ing compound from ethyl sodiomethylmalonate and ethyl phenyl- 
propiolate is of great interest, especially in view of the more recent 
work on the mechanism of the Michael reaction (compare Holden 
and Lapworth, loc. cit.) ; it is hoped to subject them to further study. 

Little need be said about the y-alkylearbethoxyglutaconic esters 
(L and IL; R = H, R’ = Me, Et or CH,Ph) except that they con- 
form to the general description already given. Oxidation of the 
y-benzyl esters shows, however, that the ordinary equilibrium ester 
contains, in addition to the isomerides (I and II; R’ = CH,Ph), 
a third substance to which the formula 

(CO, Et),CH-CH,°C(:CHPh)-CO,Et 

must be assigned ; it is recognised by the formation of benzaldehyde 
on oxidation with ozone. When the equilibrium ester is converted 
into the potassio-derivative and this is acidified with benzoic acid 
in a neutral solvent, the ester produced no longer contains the 
«8-form (I) originally present, but some of the benzylidene ester is 
again formed. The formation of this compound is in every way 
analogous to that of the ester CO,Et-CH,-CHMe-C(:CHPh)-CO,Et 
observed by Kon and Watson (this vol., p. 1) and constitutes 
another example of the conversion of a true glutaconic system into 
a phenylisocrotonic system. 

In connexion with the present work we were asked by Prof. J. F. 
Thorpe, F.R.S., to repeat the work originally carried out by Thole 
and Thorpe (J., 1911, 99, 2187) with the object of proving the 
identity of the «- and y-positions of glutaconic acid. These authors 
found that if ethyl dicarbethoxyglutaconate is methylated in the 
«-position, the product treated with sodium ethoxide to remove 
the y-carbethoxyl group, and the tribasic ester ethylated in the 
y-position, the ester on hydrolysis gives the same «-methyl-y- 
ethylglutaconic acid as the ester obtained by reversing this sequence 
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of operations, i.e., that «-methyl-y-ethyl- and «-ethyl-y-methy]l- 
glutaconic acid are the same substance, although it is clear that the 
tricarboxylic esters from which they are derived are different, 
being respectively 

CO,Et-CMe:CH-CEt(CO,Et), and CO,Et-CEt:CH-CMe(CO,Et),. 
These two esters were prepared and treated with sodium ethoxide 
to obtain the dibasic esters. The two specimens had practically 
identical physical properties and proved, on oxidation with ozone, 
to consist of an equilibrium mixture of the two isomerides 

CO,Et-CMe:CH-CHEt-CO,Et and CO,Et-CEt:-CH-CHMe-CO,Et. 
It is clear that interconversion of the dibasic esters occurs as soon 
as they are liberated from the sodio-derivatives formed on elimin- 
ation of the carbethoxyl group; and a similar interconversion 
occurs on hydrolysis of the isomeric tricarboxylic esters to the 
dibasic acids. Their formation cannot, therefore, be used to prove 
or disprove the identity of the «- and y-positions in glutaconic acid. 
We have made numerous attempts to convert the pure «-methyl- 
y-ethylglutaconic acid into an individual ester with the view of 
ascertaining the position of the double bond by oxidation with 
ozone; in spite of all precautions the ester obtained was in every 
case a mixture of two forms. 


EXPERIMENTAL. 


Ethyl A’-Propene-a«y-tricarboxylate (Ethyl isoAconitate) (II; 
R = R’ = H).—This ester was prepared by the method of Guthzeit 
and Dressel (Ber., 1889, 22, 1413); we were unable to purify it by 
distillation, as it decomposed even under 2 mm. pressure. 

Ozonisation. A solution of the ester (10 g.) in 30 c.c. of ethyl 
acetate was treated at 0° with ozonised oxygen until no more was 
absorbed, the ozonide freed from solvent under reduced pressure 
and decomposed by shaking with cold water over-night, and the 
products dissolved in ether. The extract was shaken with dilute 
sodium bicarbonate solution, dried, and evaporated, and the residue 
distilled, the following fractions being obtained at 16 mm.: (1) 
below 40°, (2) 50—65°, (3) 65—90°. The lowest fraction (a few 
drops) gave no colour with ferric chloride, and with phenylhydrazine 
yielded the orange phenylhydrazone of ethyl glyoxylate, m. p. and 
mixed m. p. 157° (Found: N, 14-4. Cale.: N, 146%). Fraction 
(3) gave a deep red colour with ferric chloride and a phenylhydrazone, 
m. p. 129°, which was identified as that of ethyl formylmalonate. 
The intermediate fraction was a mixture from which both the above 
phenylhydrazones were isolated. The aqueous and the bicarbonate 
washings contained oxalic acid. The products were thus derived 
from the ®y-form of the ester. 
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Methylation. Ethyl isoaconitate (39 g.) in alcohol (35 c.c.) was 
added to a solution of 3-5 g. of sodium in 45 c.c. of alcohol, the solu- 
tion assuming a deep orange colour; 23 g. of methyl iodide were 
then added and the mixture was refluxed for 12 hours. Water was 
added and the oil was taken up in either, washed alternately with 
sodium hydroxide solution and water until the alkali was no longer 
coloured, and then dried, and evaporated. The residue of ethyl 
a-methyl-A%-propene-axy-tricarboxylate, b. p. 168—169°/9 mm., 
had d?” 1-0778, n®?” 1-4520, and [R,]p 68-12. 

Ozonisation. The methylated ester, ozonised exactly as described 
on p. 1032, gave two main fractions: (1) 40—60°/35 mm., (2) 60— 
80°/20 mm., neither of which gave a colour with ferric chloride. 
The low fraction contained ethyl glyoxylate (phenyihydrazone, 
m. p. 157°) and the second was evidently ethyl «-formylmethyl- 
malonate. It was characterised by its phenylhydrazone, m. p. 
128° (Found: C, 62-0; H, 6-9. C, 5H 0,N, requires C, 61-6; 
H, 6-9%). 

Action of sodiwm ethoxide. The methylated ester (27 g.) in 30 c.c. 
of alcohol was added to 2:3 g. of sodium dissolved in 25 c.c. of alcohol. 
The solution, which developed an odour of ethyl carbonate and 
became deep orange, was poured into dilute hydrochloric acid after 
an hour, and the ester isolated by means of ether. On distillation, 
some ethyl carbonate was first collected, then a fraction, b. p. 
130°/15 mm., d% 1-0336, n®® 1-4482, [R,]p 65-29, consisting of 
ethyl «-methylglutaconate (Found: C, 598; H, 80. Cale.: 
C, 60-0; H, 8-0%); on hydrolysis with hydrochloric acid this gave 
«-methylglutaconic acid, m. p. and mixed m. p. 145—146° 

Ethyl A*-Propene-awy-tricarboxylate (I; R = R’ = H).—Easter- 
field and Silberrad’s preparation (loc. cit.) was. repeated several 
times without success, all the fractions obtained on distillation 
consisting either of ethyl propane-a«y-tricarboxylate or of mixtures 
of this with esters containing bromine. Attempts to substitute 
ethyl sodiomalonate for the sodio-derivative of the tricarboxylic 
ester were also unsuccessful, ethyl ethanetetracarboxylate being 
one of the products isolated. 

Thorpe’s method (loc. cit.) gave variable results; in a large 
number of experiments the cyclopropane derivative was the sole 
product obtained and a satisfactory separation of the glutaconic 
derivative was impossible. The fraction, b. p. 183°/15 mm. (slight 
decomp.), appeared to contain some of the desired ester, as it gave, 
on ozonisation, in addition to a small indefinite fraction, b. p. 
80—100°/20 mm., a greenish-yellow oil, b. p. 100—111°/20 mm., 
which developed no colour with ferric chloride and was converted, 
on shaking with water and evaporation of the aqueous solution, 
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into crystals of ethyl mesoxalate hydrate, m. p. 59° (Found: C, 
43-9; H, 6-2. Calce.: C, 43-7; H, 6-2%). 

Hthyl «-Carbethoxy-8-methylglutaconate (I and II; R= Me, 
R’ = H).—This ester was prepared, as described by Fichter and 
Schwab (loc. cit.), from the mixture of ethyl 6-chlorocrotonate and 
ethyl 8-chloroisocrotonate obtained from phosphorus pentachloride 
and ethyl acetoacetate (Thomas-Mamert, Bull. Soc. chim., 1895, 
13, 70), the yield being 50%; this could be raised to 65% by em- 
ploying two molecules of ethyl malonate. The ester had b. p. 
170°/14 mm., d®* 1-0912, ni 1-4581, and [Rz]p 68-07. 

Ozonisation. The ester was ozonised as described on p. 1032 and 
gave, in addition to oxalic acid, the following fractions at 12 mm. : 
(1) below 40°, (2) 74—100°, (3) 100—120°, (4) 120—150°. Fraction 
(1) contained ethyl glyoxylate (phenylhydrazone, m. p. 157°). 
Fraction (2) gave a deep red colour with ferric chloride and con- 
sisted mainly of ethyl acetoacetate, identified in the form of pheny]l- 
methylpyrazolone. Fraction (3) was deep yellow, gave no colour 
with ferric chloride, and consisted of ethyl mesoxalate, from which 
the solid hydrate was readily obtained. The last fraction gave 
with ferric chloride a deep red colour due to ethyl acetylmalonate 
(semicarbazone, m. p. and mixed m. p. 106—107°; {-acetphenyl- 
hydrazide, m. p. 128-5°). 

Ethyl -Methyl-A*-propene-axy-tricarborylate (II; R= Me, 
R’ = H).—The above equilibrium ester was converted into the 
potassio-derivative, and this treated with benzoic acid as described 
by Kon and Nanji (loc. cit., p. 569), except that petroleum (b. p. 
40—60°) was used to precipitate the potassio-derivative; the ester 
had b. p. 139°/2 mm., d?” 1-0892, nf” 1-4566, and [Rz]p 68-01. 
When the equilibrium ester is converted into the sodio- or potassio- 
derivative, especially in alcoholic solution, a small amount of 
ethyl carbonate is usually formed, together with the corresponding 
dibasic ester. When the solution is poured into water the equili- 
brium ester is recovered unchanged (d?* 1-0853, n}?® 1-4555) 
without much loss. 

Ozonisation. In addition to oxalic acid, only ethyl glyoxylate 
and ethyl acetylmalonate were produced, so the compound was 
evidently the pure ®y-form. 

Methylation. The equilibrium ester was methylated in alcoholic 
solution as described on p. 1033; the reaction appeared to be com- 
plete in about an hour. The product, ethyl «$-dimethyl-A?- 
propene-a«y-tricarboxylate, had b. p. 132—133°/2 mm., d?” 1-0786, 
n¥* 1-4575, and [R,}p) 72:33. The same product was obtained by 
boiling the pure potassio-derivative of the fy-ester with anethyl 
iodide in benzene solution for some hours (d?* 1-0807, n?” 1-4579). 
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Ozonisation. The methylated ester was ozonised as described 
on p. 1032. In addition to oxalic acid the following fractions were 
obtained at 20 mm.: (1) below 55°, (2) 60—125°, (3) 125—132°. 
The lowest fraction gave a faint, rapidly fading, colour with ferric 
chloride and formed with phenylhydrazine the phenylhydrazone of 
glyoxylic ester, m. p. and mixed m. p. 157°. The third fraction 
gave no colour with ferric chloride; with phenylhydrazine acetate 
it formed -acetphenylhydrazide, m. p. 128-5°, but with the base 
in ethereal solution a colourless pyrazolone, m. p. 176°, was produced 
(Found : C, 64-5; H, 6-0. C,,H,,0,N, requires C, 64-6; H, 6-1%), 
proving the presence of ethyl acetylmethylmalonate. Fraction (2) 
was a mixture of (1) and (3). 

Action of sodium ethoxide on the methylated ester. This was carried 
out as described on p. 1033, but the mixture was allowed to stand 
over-night; a good yield of ethyl «$-dimethylglutaconate was 
obtained, b. p. 1836—138°/18 mm., d?” 1-0213, n= 1-4525, and 
[Rz]p 56-62 (Found: C, 61-6; H, 8-2. Cale.: C, 61-7; H, 84%); 
it was further characterised by hydrolysis with hydrochloric acid 
to the cis-«f-acid, m. p. and mixed m. p. 148°. 

cis- and trans-Forms of Ethyl «-Carbethoxy-B- methylglutaconate. — 
The preparation of the ester was repeated, pure ethyl 6-chlorocroton- 
ate, b. p. 76—77°/14 mm., and pure ethyl 6-chlorotsocrotonate, b. p. 
56—57°/13 mm., respectively, being used ; the former gave the trans- 
ester, b. p. 169—170°/13 mm., d?* 1-0937, n?* 1-4595, [Rz]p 68- oe; 
the latter the cis-ester, b. p. 164—165°/12 mm., d?” 1-0884, njZ 
1-4579, and [R;]p 68-21. The ester prepared from ethy] tetrolate + 
Feist’s method (Annalen, 1906, 345, 104) was evidently similar to the 
cis-ester, b. p. 172°/18 mm., d?” 1-0898, n®” 1-4578 (the somewhat 
higher b. p. is probably due to superheating).. The two stereo- 
isomeric esters were hydrolysed by keeping for 3 days with cold 
5% aqueous potassium hydroxide, enough alcohol being added 
(with care to avoid all rise of temperature) to give a homogeneous 
solution. The alcohol was evaporated off in a vacuum at room 
temperature and the acids were liberated in presence of ether by 
means of dilute hydrochloric acid. The trans-ester gave trans-B- 
methylglutaconic acid, m. p. 149° after one crystallisation, and the 
cis-ester gave the isomeride, m. p. 115—116°, also in the pure state. 

Lthyl «-Carbethoxy-B-phenylglutaconate (I and II; R= Ph, 
R’ = H).—The yellow sodium compound of this ester was prepared 
as described by Bland and Thorpe (loc. cit.). The ester liberated 
from it with mineral acid was a yellow oil which could not be dis- 
tilled without decomposition. 

Ozomsation. The crude ester was treated as described on p. 1082 
and gave, in addition to oxalic and benzoic acids, the following 
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fractions at 20 mm.: (1) below 40°, 2 drops; (2) 80—120°, (3) 
120—165°; above 165° there was a good deal of decomposition with 
the formation of benzoic acid. The first fraction consisted of ethyl 
glyoxylate; the second was yellow, did not give a colour with ferric 
chloride, and formed the hydrate of ethyl mesoxalate, m. p. 59°, 
on treatment with water. The third fraction gave a red colour 
with ferric chloride and evidently contained ethyl benzoylacetate, 
as it gave 1 : 3-diphenylpyrazolone, m. p. and mixed m. p. 136°, 
with phenylhydrazine. The benzoic acid was principally derived 
from the decomposition of the ethyl benzoylmalonate, which was 
not isolated as such in this experiment. 

Ethyl @-Phenyl-A?-propene-axy-tricarboxylate (II; R = Ph, R’= 
H).—The solid ester, m. p. 38° (Bland and Thorpe, loc. cit.), was the 
sole product when the yellow sodium compound mentioned above 
was treated with benzoic acid; the mixture had to be mechanic- 
ally shaken for 3—4 days. The same ester was also obtained 
by the action of benzoic acid on the colourless potassio-derivative 
obtained from ethyl «-carbethoxy-$-phenylglutaconate as described 
on p. 1034, the reaction being complete in an hour. 

Ozonisation. The solid ester, treated as described on p. 1032, 
gave a quantity of oxalic acid, and some benzoic acid in addition 


to a yellow oil giving an intense red colour with ferric chloride. — 


This on distillation gave a few drops of low fraction containing ethyl 
glyoxylate (in another experiment this fraction was not obtained), 
the next fraction coming over as a yellow oil at 180—200°/18 mm. ; 
there was, however, much decomposition and solid benzoic acid 
collected in the receiver. The yellow oil contained ethyl benzoyl- 
malonate, giving a red colour with ferric chloride and characterised 
by the formation of the diphenylhydrazide of malonic acid, m. p. 
and mixed m. p. 191° (Found: C, 63-3; H, 5-9; N, 19-7. Cale. : 
C, 63-4; H, 5-7; N, 19-7%), and of §-benzoylphenylhydrazide, 
m. p. and mixed m. p. 168° (Fischer, Annalen, 1878, 190, 125) 
(Found: C, 73:7; H, 5-7; N, 13-2. Cale.: ©, 73-6; H, 5-7; N, 
13-2%). Both these compounds were also obtained from a speci- 
men of ethyl benzoylmalonate prepared for comparison. 

Methylation. All attempts to methylate the original yellow 
sodium compound of ethyl phenylearbethoxyglutaconate in a 
neutral solvent were unsuccessful, the salt being recovered un- 
changed. 

The free ester (15 g.) was added to molecular sodium (1 g.) 
suspended in benzene; when the reaction was complete an excess 
of methyl iodide was added and the mixture warmed over-night ; 
a good yield of the methylated ester (Thorpe and Wood, loc. cit.) 
was obtained. In another experiment, the potassio-derivative, 
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prepared as described above, was filtered off and carefully washed 
with ether until free from alcohol; it was then suspended in benz- 
ene and boiled with methyl iodide for 44 hours, the same result 
being obtained. The methylated ester prepared in this way solidi- 
fied completely after distillation (m. p. and mixed m. p. 50°). 

Condensation of Ethyl Phenylpropiolate with Ethyl Sodiomethyl- 
malonate.—Ethyl methylmalonate (17-4 g.) was added to molecular 
sodium (2-3 g.) suspended in benzene; when the formation of the 
sodio-derivative was complete (8 hours), ethyl phenylpropiolate 
(17-4 g.) was added and the mixture refluxed for 8 hours; the 
benzene was then removed under reduced pressure and petroleum 
added to assist in precipitation of the sodio-derivative; the latter 
was collected after 24 hours. 

Shaking the sodio-derivative with benzoic acid for a week failed 
to liberate the ester; it was therefore treated with cold dilute 
hydrochloric acid, and the ester taken up in ether. It could not 
be purified by distillation, as it decomposed even under a pressure 
of 3 mm. 

Ozonisation. The crude ester was treated as described on p. 
1032. The alkaline and the aqueous washings contained benzoic 
and methylmalonic acids and much oxalic acid. The neutral pro- 
ducts gave the following fractions, none giving a colour with ferric 
chloride: (1) 58—70°/25 mm., (2) 70—170°/18 mm., (3) 170— 
210°/18 mm.; there was much decomposition above 210°. The 
lowest fraction gave, with phenylhydrazine acetate, a small amount 
of oxaldiphenylhydrazide, m. p. 262—264°, suggesting the presence 
of ethyl «-benzoylpropionate (compare Feist, loc. cit., p. 46); none 
of the other fractions gave characteristic derivatives, but as no 
ethyl pyruvate or benzoylmalonate could be present and oxalic 
acid was isolated in quantity, the ester must have the Py-structure 
(V). 

Ethyl «-Carbethoxy-y-methylglutaconate (I and Il; R= H, R’= 
Me).—This ester was prepared as described by Thole and Thorpe 
(loc. cit.) and had b. p. 166—167°/15 mm., d?* 1-0880, np” 1-4547, 
and [R,]p 67-84. 

Ozonisation. The ester was ozonised exactly as described on 
p. 1032 and gave the following fractions at 20 mm.: (1) below 60°, 
(2) 60—90°, (3) 90—110°. Fraction (1) gave a faint purple colour 
with ferric chloride (probably due to the presence of ethyl «-formyl- 
propionate), a violet colour with sodium nitroprusside, and the 
phenylhydrazone of ethyl pyruvate, m. p. and mixed m. p. 119°, 
with phenylhydrazine. Fraction (2) gave a fine orange colour with 
ferric chloride, was soluble in 10% sodium hydroxide solution with 
the formation of malonic acid, and formed the phenylhydrazone of 
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ethyl formylmalonate, m. p. and mixed m. p. 129°, with phenyl- 
hydrazine. Fraction (3) consisted of a few drops of a greenish- 
yellow oil containing ethyl mesoxalate, which was identified by 
means of the hydrate, m. p. 59°. 

“ Normal” and “ Labile” Forms of Ethyl «-Carbethoxy-y-methyl- 
glutaconate-—The ester was separated into “ normal ” and “ labile ” 
fractions exactly as described by Bland and Thorpe (loc. cit.): The 
“normal” ester had b. p. 170°/16 mm., d? 1-0873, n®®” 1-4564; 
the “labile,” b. p. 168—169°/16 mm., d?’” 1-0875, n?”™ 1-4556. 
The latter may sometimes contain a small amount of the enol form, 
which gives rise to the pyrone, m. p. 92—93°, on distillation (com- 
pare Ingold and Perren, J., 1921, 119, 1601). 

Ozonisation. The “normal” ester gave exactly the same pro- 
ducts as the original equilibrium ester; the “labile” ester gave 
only qualitative traces of the products derived from the «f-form 
(oxalic acid and ethyl formylpropionate, recognised by the ferric 
chloride test but not isolated), whilst ethyl pyruvate and ethyl 
formylmalonate were isolated and identified as before. 

Ethyl y-Methyl-A*-propene-axy-tricarboxylate (II; R =H, R’ = 
Me).—The equilibrium ester was converted into the potassio- 
derivative, and the pure fy-ester liberated from it exactly as 
described on p. 1034; the ester, isolated in good yield, had b. p. 
166°/12 mm., d?” 1-0771, nf” 1-4574. 

Ozonisation. The results were similar to those of the “ labile ” 
ester given above, but no traces of ethyl mesoxalate or ethyl 
formylpropionate were isolated, the sole products being ethyl 
pyruvate and ethyl formylmalonate. 

Attempt to prepare the a®-ester (I; R=H, R’ =Me). The 
equilibrium ester was treated with aluminium amalgam in ether 
(Harries and Eschenbach, Ber., 1896, 29, 389), giving a good yield 
of ethyl «-carbethoxy-y-methylglutarate, b. p. 159—161°/14 mm. 
(Found: C, 56:7; H, 8-1. C,3H,,0, requires C, 56-9; H, 8-1%). 
This ester was then brominated, and the bromo-ester treated with 
diethylaniline exactly as described by Thorpe (loc. cit.). The 
product boiled for the most part at 164°/18 mm., and was fully 
saturated; it was not further investigated. 

Ethyl «-Methyl-y-ethylglutaconate.—Ethyl «-methyldicarbethoxy- 
glutaconate, prepared as described by Thole and Thorpe (loc. cit.), 
b. p. 208°/16 mm., d}?* 1-1095, njf* 14530, [R;]p 83-89, was con- 
verted into ethyl «-carbethoxy-y-methyl-«-ethylglutaconate, b. p. 
180—181°/20 mm., d?" 1-0430, n=” 1-4532,'[R,]p 77-80, and this on 
removal of the carbethoxyl group with sodium ethoxide gave the 
dicarboxylic ester, b. p. -160°/20 mm., d?* 1-0087, np® 1-4495, 
[Rz}> 60°73. Similarly, ethyl «-ethyldicarbethoxyglutaconate, 
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b. p. 213°/20 mm., di? 1-0857, ni 1-4456, [R;]p 87-98, gave ethyl 
a-carbethoxy-«-methyl-y-ethylglutaconate, b. p. 180°/20 mm., 
d?* 1-0596, ni?* 1.4505, [R,]p 77-57, and finally the dicarboxylic 
ester, b. p. 161°/21 mm., di?” 1-0091, nj” 1-4495,; [Rz]p 60-71. 

Ozonisation. Both specimens of the dicarboxylic ester gave the 
same result. The fractions obtained at 23 mm. were: (1) 50—63°, 
(2) 63—66°, (3) 66—71°, (4) 71—92°. Fraction (1) gave a reddish- 
violet colour with ferric chloride, and a pyrazolone, m. p. 148°, 
identical with that prepared from ethyl «-formylpropionate. Frac- 
tion (3) also gave a colour with ferric chloride, but the phenyl- 
hydrazone of pyruvic ester, m. p. 119°, was the principal product 
isolated in the pure state and identified. Fraction (2) was evidently 
a mixture of (1) and (3), whilst the highest fraction gave a mixture 
of phenylhydrazones which could not be separated. 

Ethyl «-methyl-y-ethylglutaconate was also prepared by the 
esterification of the pure acid through the silver salt in the manner 
described by Kon and Watson (loc. cit.), but the ester was similar 
to those described above, b. p. 158°/18 mm., d?” 1-0089, n=” 
1-4485, and gave similar results on ozonisation. 

Ethyl «-Carbethoxy-y-benzylglutaconate (I and II; R=H, 
R’ = CH,Ph).—The ester was prepared as described by Thole and 
Thorpe (loc. cit.), but we were unable to distil it even at 2 mm. 
pressure. 

Ozonisation. The crude ester was treated as described on p. 1032 
and gave, in addition to a small amount of phenylacetic acid, 
isolated from the alkaline washings, the following fractions at 
16 mm.: (1) up to 60°, (2) 60—85°, (3) 85—110°, (4) 110—150°, 
(5) 150—165°. Fraction (1) consisted of 3 drops with a strong 
odour of benzaldehyde and gave the characteristic semicarbazone 
of the latter. Fraction (2) gave a deep red colour with ferric 
chloride, and formed a mixture of phenylhydrazones from which 
those of ethyl formylmalonate (m. p. 129°) and of ethyl phenyl- 
pyruvate (m. p. 176°) could be isolated by fractional crystallisation, 
Fraction (3) was small, gave a faint colour with ferric chloride, 
and had a greenish-yellow colour which disappeared on shaking 
with water; ethyl mesoxalate hydrate was isolated from the 
aqueous solution. Fraction (4) gave a deep green colour with 
ferric chloride, due to ethyl phenylpyruvate, which was identified 
by means of its phenylhydrazone, m. p. 176°; another phenyl- 
hydrazone, m. p. 262° (decomp.), was also formed in very small 
amount but was not identified. The last fraction was very small, 
gave a purplish-green colour with ferric chloride, and the phenyl- 
hydrazone of ethyl formylphenylpropionate (m. p. and mixed m. p. 
248°) was isolated from it in minute amount. 
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Similar results were obtained with Bland and Thorpe’s “ normal ” 
and “‘ labile ” esters. 

Attempts to prepare the pure By-ester. The equilibrium ester was 
converted into the potassium derivative and liberated from it as 
described on p. 1034, but the ester could not be distilled. 

Ozonisation. The result was similar to that obtained with the 
equilibrium ester, but ethyl mesoxalate was not isolated, nor could 
ethyl formylphenylpropionate be identified, although some 2 drops 
of the relevant fraction, giving a purple colour with ferric chloride, 
were actually obtained; benzaldehyde, ethyl formylmalonate, and 
ethyl phenylpyruvate were again identified. 


The authors’ thanks are due to the Chemical Society for grants 
which have partly defrayed the cost of this investigation. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpvon, 8.W. 7. [ Received, January 6th, 1932.] 





134. T'he Rearrangement of Hydroxy-sulphones. 
Part II. 


By LronarkpD ARTHUR WARREN and SAMUEL SMILES. 

In previous experiments (Levi, Rains, and Smiles, J., 1931, 3264) 
which were designed to test the validity of the explanation given 
to the rearrangement of 2-naphthol-l-sulphone (Warren and 
Smiles, J., 1931, 2207) it was shown that the o-phenolic ion was 
capable of displacing sulphonyl from an ortho-position with respect 
to the nitro-group in 2-hydroxy-2’-nitro-derivatives of diphenyl- or 
naphthylphenyl-sulphone, the sulphinic acids derived from the 
corresponding ethers being isolated. In the experiments now 
described, the study of this type of rearrangement has been con- 
tinued by an examination of o-hydroxy-p’-sulphonyl sulphones 
(e.g., LX). 

The sulphonyl chloride (I) derived from diphenyl disulphide 
yielded on treatment with chlorine an active chlorothiol; this was 


in On 
bo, c1 0,C! 
OH OH 


S--- 


0,Cl 


(I.) (II.) (III.) 


not isolated but by reaction with 2-naphthol in solution it yielded 
the sulphide (II), which was sufficiently stable in acetic acid to 
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endure oxidation to the sulphone (III). Similarly the anilide and 
methylanilide of (II) gave the sulphones (IV; R =H or Me). The 
thiol derived from (III) by reduction gave a zinc salt which was stable 
in the presence of acetic acid; with methyl] iodide this salt yielded 
a monomethyl ether which was evidently (V), since it was not attacked 
by mild oxidising agents such as ferric chloride; more vigorous 
agents readily yielded the disulphone (IX). This disulphone was 
also obtained from (II) by selectively methylating the corresponding 
thiol (V1) by means of its zinc salt, the process being similar to that 


80,'C,H,S0,,NRPh On 
(IV.) Me 


OH OH 


available with other hydroxy-thiols such as “ iso ’’-2-naphthol 
sulphide (Warren and Smiles, J., 1930, 960) for the preparation of 
their S-methyl ethers. Oxidation of this S-methyl ether of (VI) 
gave the disulphone (IX). 

In the sulphones (IV; R = H or Me) and (IX) the intramolecular 
conditions regarded as favourable to the rearrangement are present. 
Accordingly, (X) may be expected to be formed from (IX), and the 


SO,Me 
S-C,H,SH NMePh . Bou 
C,H,SO, 
\ OH “A 6°*4 2 0 i 


(VI.) (VII.) (VIII.) 


corresponding sulphonamides from (IV). ‘These rearrangements 
may indeed be effected, but not under the relatively mild conditions 
sufficient with o-nitro-sulphones of analogous structure (Levi, 
Rains, and Smiles, loc. cit.); a considerably higher temperature is 
required (150°). Under this condition and in presence of 1 mol. of 
N-sodium hydroxide the naphthyl-1-sulphinic acids (e.g., X) do not 
survive, but lose sulphur dioxide and yield the ethers (e.g., XI from 
IX, and VII from IV) (compare the rearrangement of 2-naphthol-1- 
sulphones; Warren and Smiles, loc. cit.). The ether (X1) is identical 
with synthetic material obtained from potassium 2-naphthoxide 
and p-bromophenylmethylsulphone. 

The 4-methylthiol (V) remains unaltered under conditions which 
effect the rearrangement of the 4-sulphonyl derivatives (e.g. IX). 
This contrast accords with current theory concerning the relative 
electronic displacements exerted by these substituents at the p- 
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carbon atom of the nucleus in which they occur and is forecast by 
the interpretation suggested for the rearrangement. The electronic 
condition generally ascribed to the sulphone group renders it difficult 
to suppose that these rearrangements involve a mechanism of the 
type which seemed available in the o-nitro-sulphones (Levi, Rains, 
and Smiles, loc. cit.), but the question whether the lessened activity 
of these p-sulphones is due to this circumstance or to the weaker 
positive character of the carbon atom from which the sulphone 
group is displaced or to both these factors must at present be left 
unanswered. 

Experiments made to determine the influence of excess of alkali 
on these displacements showed that in the disulphone (IX) the 
change was not retarded and that, whilst the ether (XI) was usually 
formed in small amount, the sulphinic acid (X) survived. This acid 
was not isolated in the crystalline state, but it was characterised by 
(a) methylation, the product being different from the isomeric 
methyl ether of (IX), (b) conversion into the disulphide (XII), and 


ioe ae om 


* ) (X. bt (XI.) 
= oOo 
* ned 
A xiv. ) O'(xmI1.) (XII.) 


(ec) conversion into the ether (XI) by oxidation, followed by hydro- 
lysis of the l-sulpho-group. Reduction of the disulphide (XII) 
gave the thiol (XIII). This substance provides intramolecular 
conditions similar to those obtaining in ‘‘ iso ’’-2-naphthol sulphide 
(Warren and Smiles, J., 1931, 914) and accordingly, in presence of 
alkali, displacement of the oxido-group by the thiol ion occurs with 
formation of the sulphide (XIV), this retrograde change taking 
place rapidly at 90—100°. The product, an isomeride of (V), was 
identified by oxidation, which led to the original disulphone (IX). 
Of the three sulphones now examined, the anilide (IV; R = H) 
is the only case in which rearrangement is strongly retarded by excess 
of alkali. This character has already been recorded with the change 
of 2-naphthol-l-sulphone (Warren and Smiles, J., 1931, 2209). If 
the few data at present available be admitted, it would seem that 
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the behaviour is due to the inclusion of alkali metal in the substituent 
before attack of the p- or o-carbon atom has taken place; in this 
circumstance a weakening of the positive character of the latter 
might be expected with a consequent adverse influence on the 
displacement. 

The rearrangement of three different types of o-hydroxy-sulphone 
has now been described and in each of these the retrograde change of 
thiol-oxide to hydroxy-sulphide has been accomplished, but the 
present example is the first in which both the sulphinic acid and the 
thiol-oxide (e.g., X and XIII) have been encountered while passing 
through the cycle (e.g., IX —-»> X —-> XIII—-~» XIV —+> IX). 


ExPERIMENTAL. 


4-Chlorosulphonylphenyl-2-hydroxy-1-naphthyl Sulphide (11).—The 
yield of sulphony] chloride obtained from potassium p-dithiobenzene- 
sulphonate by reaction with phosphoryl chloride (100°) was much 
improved by an increase in the proportion of the latter reagent 
(1 part salt : 2 parts POCI,) compared with that recorded by Zincke 
and Frohneberg (Ber., 1909, 42, 2726). An agitated suspension of 
this sulphonyl chloride (I) (10 g.) in carbon tetrachloride (50 c.c.) 
was treated with dry chlorine until solution was complete. After 
removal of the excess of halogen, the chlorothiol separated in the 
crystalline state; 2-naphthol (7 g.) in warm carbon tetrachloride 
was then added to the stirred suspension. The desired product 
(15 g.), crystallised from benzene-light petroleum, had m. p. 160° 
(Found: C, 54:9; H, 3:3. C,,H,,0,CIS, requires C, 54-8; H, 
31%); it gave a green colour with alcoholic ferric chloride, The 
anilide, obtained from the sulphonyl chloride and warm aniline, 
crystallised from acetic acid in plates, m. p. 156°.(Found : ©, 65-1; 
H, 44. C,,H,,O,h%, requires C, 64-9; H, 4-2%). The methyl- 
anilide formed needles, m. p. 115°, from alcohol (Found: C, 65-5; 
H, 4:7. C,.,3H,,0,NS, requires C, 65-5; H, 4:5%). 
2-Hydroxy-1-naphthylphenylsulphone-4'-sulphonanilide (IV; R = 
H) separated in plates, m. p. 204° (4:5 g.), when a solution of. the 
sulphide (5 g.) in acetic acid (25 ¢.c.) containing hydrogen peroxide 
(3-5 ¢.c.; 30%) was kept at 100° (1 hour). It gave a green colour 
with ferric chloride in alcohol (Found: C, 60:0; H, 41; N, 3:1, 
C..H,,0,NS, requires C, 60-1; H, 3-9; N, 3-2%). 
2-Hydroxy-1-naphthylphenylsulphone-4’ -sulphonmethylanilide (IV ; 
R = Me), obtained similarly from the corresponding sulphide, 
formed plates, m. p. 181° (Found: C, 60-9; H, 43; 8, 13-8. 
C.3H,,0,NS, requires C, 60-9; H, 4:2; 8, 14-1%). 
2-Hydroay-1-naphthylphenylsulphone-4'-sulphonyl Chloride (II1).— 
A solution of the sulphide (II) (5 g.) in acetic acid (50 c.c.) contain- 
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ing hydrogen peroxide (5 c.c.; 30%) was warmed (100°). After a 
few minutes the sulphoxide partly separated, but rapidly dissolved 
when more hydrogen peroxide (2 c.c.) had been added; the required 
sulphone soon separated (ca. 5 mins.) (yield, 70%). It formed plates, 
m. p. 184° from acetic acid (Found : C, 50-2; H,3-1. C,,H,,0,CIS, 
requires C, 50-2; H, 2-9%). The substance gave a colourless 
solution in sulphuric acid (the sulphoxide gives an intensely green 
solution). It was further characterised by conversion into the anilide 
(IV; R = H) by reaction with warm aniline. 
2-Hydroxy-1-naphthyl-4' -thiolphenylsulphone, 
C,9H,(OH)-SO,°C,H,SH. 
—The sulphonyl chloride (III) (5 g.) was reduced in hot acetic 
acid (40 c.c.) with zinc dust and concentrated hydrochloric acid 
(10 c.c.), the excess of zinc removed, and the solution mixed with ice 
and water. The required thiol separated and was obtained from 
alcohol in plates, m. p. 129° (Found: C, 60-5; H, 3-8; 8, 20-2. 
C,,H,,0,8, requires C, 60-7; H, 3-8; S, 20-3%). With alcoholic 
ferric chloride it gave an intense green colour, which rapidly faded, 
the disulphide separating. 
2-Hydroxy-1-naphthyl-4'-methylthiolphenylsulphone (V).—The zinc 
salt of the thiol was boiled with methyl] alcohol and excess of methyl 
iodide until it dissolved. The greater portion of the solvent was 
then evaporated, and the solution mixed with water. The methyl- 
thiol, which separated, was obtained from acetic acid in plates, 
m. p. 151° (Found: C, 61-6; H, 4:3; 8, 19-4. C,,H,,0,8, requires 
C, 61-8; H, 4-2; 8, 19-4%). 
4-Thiolphenyl-2-hydroxy-\-naphthyl Sulphide (VI1).—The  sul- 
phony] chloride (II) (10 g.) in hot acetic acid (75 c.c.) was reduced 
with zine dust and concentrated hydrochloric acid (25 c.c.) and 
the filtered solution mixed with water. The thiol obtained formed 
needles, m. p. 101°, from alcohol (Found : C, 67-3; H, 4-0. C,,H,,08, 
requires C, 67-6; H, 4:2%). It gave a fugitive green colour with 
alcoholic ferric chloride. 
2-Hydroxy-1-naphthyl-4'-methanesulphonylphenylsulphone (1X).— 
(a) The zinc salt obtained from the thiol (VI) (8 g.) and zinc acetate 
in alcohol was suspended in boiling methy] alcohol (80 c.c.) and methyl 
iodide (10 ¢.c.); it dissolved after 3 hours. The solvent was re- 
moved, and the residue repeatedly extracted with hot water. The 
colourless viscous S-methyl! ether of (VI) was treated in hot (100°) 
acetic acid (50 c.c.) with an excess of hydrogen peroxide (30% ; 15c.c.) 
for # hour and, the oxidation being incomplete, again with hydrogen 
peroxide (5 c.c.) for } hour. The disulphone (7 g.) crystallised 
from the cooled and agitated liquid; recrystallised from acetic 
acid, it formed needles, m. p. 190°. 
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(b) The same substance, m. p. 190°, was readily obtained when 
the corresponding methylthiol (V) was oxidised with hydrogen 
peroxide in the usual manner (Found: C, 56-2; H, 4-0; 8, 17-8. 
C,,H,,0;8, requires C, 56:35; H, 3-9; 8, 17:-7%). The yellow 
sodium derivative was sparingly soluble in excess of aqueous alkali 
hydroxide. 

2-Methoxy-1-naphthyl-4'-methanesulphonylphenylsulphone, formed 
from (IX) by reaction with methyl sulphate in presence of warm 
alkali hydroxide, crystallised from acetic acid in plates, m. p. 176° 
(Found : C, 57-7; H, 4-4. C,,H,,0,8, requires C, 57-4; H, 4:3%). 

The Rearrangement of the Disulphones (IV; R = H or Me) and 
([X).—At 100°, none of the disulphones was affected by N-sodium 
hydroxide. When heated with 1 mol. of N-sodium hydroxide at 
150° for 2 hours, the three disulphones gave sodium sulphite and 
approximately 50°% yields of the respective ethers (e.g., VII and 
XI); more than this can hardly be expected, since the sulphurous 
acid formed liberates half the naphthol from its sodium salt before 
this has undergone the change. With excess of alkali, the anilide 
(IV; R =H) behaved exceptionally, whereas the methylanilide 
(IV; R = Me) and the methylsulphone (IX) gave very little sul- 
phite and good yields of the sulphinic acids. 

Reaction of the methylanilide with alkali hydrowide. (a) The 
product obtained (2 hours; 150°) from the methylanilide (1 g.) and 
N-sodium hydroxide (1 mol.) was treated with warm dilute sul- 
phuric acid until liberation of sulphur dioxide was complete. A 
solution of the viscous mass in a little warm alcohol was mixed with 
excess of 2N-sodium hydroxide. The solution when acidified yielded 
the original anilide (0-4 g.). The solid insoluble in the aqueous 
alkali was 4-methylanilinosulphonylphenyl 2-naphthyl ether (VII), 
which crystallised from alcohol in needles, m. p. 125° (Found: C, 
71-0; H, 46; N, 3-6. C,,H,,0,NS requires C, 70-95; H, 4-9; 
N, 36%). 

(b) In presence of 2 mols. of N-sodium hydroxide the methyl- 
anilide (1 g.) gave 0-9 g. of the ether (VII), and none of the original 
substance could be detected in the product. 

(c) The product from the action of 8 mols. of N-sodium hydroxide 
on the methylanilide (1 g.) also yielded this ether (0-5 g.). None of 
the original anilide was isolated, but a considerable quantity of a 
viscous material, evidently a sulphinic acid (e.g., X), was obtained 
which could not be closely characterised. Nevertheless it is clear 
from these comparative experiments that the rearrangement of the 
methylanilide is not retarded by excess of dilute alkali. 

Reaction of the anilide (IV; R =H) with alkali hydrowide. (a) 
The product from 1 g. of the anilide and 1 mol. of N-sodium hydr- 
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oxide contained sulphite and a viscous material, from which the 
original anilide (0-4—0-5 g.) was isolated together with a resinous 
material. The latter evidently consisted mainly of the ether related 
to (VII), since on methylation in presence of alkali it yielded that 
substance (0-3 g.; m. p. 124—125°). 

(b) With 2 mols. of N-sodium hydroxide, only 0-1 g. of the anilide 
was recovered, and 0-6 g. of the ether (VII) was isolated after 
methylation of the remainder of the product. 

(c) After treatment with 8. mols. of N-sodium hydroxide at 150° 
(2 hours), 0-9 g. of the original anilide (1 g.) was recovered unchanged. 
It is thus evident that the rearrangement of this anilide is inhibited 
by excess of alkali hydroxide. 

Rearrangement of the methylsulphone (IX). (a) With 1 mol. of 
N-sodium hydroxide at 150° (2 hours). The aqueous liquor contained 
sulphite. When aqueous alkali (2N) was added to a solution of the 
viscous product in a little alcohol, a solution of the original material 
(0-2 g.) was obtained; the insoluble crystalline material was 4- 
methanesulphonylphenyl 2-naphthyl ether (X1), which formed plates, 
m. p. 104°, from alcohol (Found: C, 68-5; H, 49; 8S, 10-9. 
C,,H,,0,8 requires C, 68-5; H, 4:7; 8, 10-7%). This ether was 
synthesised by evaporating a solution of 2-naphthol (10 g.) and 
potassium hydroxide (3-5 g.) in a little water in an atmosphere of 
nitrogen, heating the dry residue with 4-bromophenylmethyl- 
sulphone (10 g.) and a little copper powder at 230° for 24 hours, 
dissolving the cold mass in alcohol (charcoal), and adding aqueous 
alkali until a solid began to separate; this, after repeated crystal- 
lisation from methyl alcohol (charcoal), formed plates, m. p. 104°, 
alone or mixed with the above ether (X1). 

(b) With 2 and 8 mols. of N-sodium hydroxide at 150° (2 hours). 
The product in each case contained merely traces of sulphite and 
neither the original sulphone (IX) nor the ether (XI), and was 
evidently 4-methanesulphonylphenyl 1-sulphino-2-naphthyl ether 
(X) for the reasons given in the theoretical part. It gave the 
usual colour reaction of sulphinic acids in sulphuric acid with 
anisole, and when treated in methyl alcohol with methyl sulphate 
and potassium hydroxide yielded 4-methanesulphonylphenyl 1- 
sulphinomethoxy-2-naphthyl ether (VIII), which crystallised from 
acetic acid in needles, m. p. 189° (Found: C, 57-5; H, 4-2; 8, 
16-7. C,,H,,0,8, requires C, 57-45; H, 43; 8,17-0%); a mixture 
of these with the methyl ether (m. p. 176°) of (IX) melted at 153— 
166°. 

Conversion of the sulphinic acid (X) into the ether (XI) was 
effected by a slight excess of warm aqueous alkaline potassium 
permanganate: the filtered solution was mixed with cold dilute 
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sulphuric acid, again filtered, and concentrated (100°), more 
sulphuric acid being added if necessary; the ether (XI), which 
separated as a liquid and solidified on treatment with cold aqueous 
alkali, had m. p. and mixed m. p. 104° after crystallisation from 
alcohol. 

2-(4'-Methanesulphonylphenoxy)-1-naphthyl disulphide (XII), ob- 
tained from the sulphinic acid (X) by the usual method of reduction 
in hot acetic acid with hydrogen iodide in presence of a little sulphur - 
dioxide, formed pale yellow needles, m. p. 218°, from acetic acid 
(Found: C, 62-0; H, 42; 8, 192; M, 690. ©3,H,,0,S, requires 
C, 62:0; H, 40; 8, 19-5%; M, 658). 

2-(4'-Methanesulphonylphenoxy)-1-naphthylthiol (XIII).—The di- 
sulphide (XII) was reduced in hot acetic acid with zinc dust, hydro- 
chloric acid added to decompose the zinc salt of the thiol, and the 
filtered solution cooled and mixed with water. The thiol, which 
separated, crystallised from alcohol in plates, m. p. 146° (Found : 
C, 61-8; H, 44. C,,H,,0,8, requires C, 61-8; H,4:2%). It gave 
Rheinboldt’s reaction for aromatic thiols and was converted into 
the disulphide by oxidation. 

4-Methanesulphonylphenyl-2-hydroxy-1-naphthyl Sulphide (XIV). 
—When the colourless solution of the thiol (XIII) in aqueous sodium 
hydroxide (2N) was heated (100°; 4 hour), it became yellow. The 
sulphide (XIV), liberated in the usual manner, formed prisms, 
m. p. 189°, from acetic acid (Found: C, 61:9; H, 4:3; 8S, 19-2. 
C,,H,,0,8, requires C, 61:8; H, 4-2; 8, 194%). With alcoholic 
ferric chloride, it gave a green colour, whereas the thiol (XIII) 
remained colourless. The sulphide (2 g.) was oxidised by hydrogen 
peroxide (30%; 4 c.c.) in acetic acid at 100° (4 hour). When 
the liquid was cooled, the product separated ; after purification from 
acetic acid, it had m. p. 190°, alone or mixed with the disulphone 
(IX). A mixture of the product with the sulphide (XIV) (m. p. 
189°) melted at 160—170°. 


Kine’s Coitteen, Lonpon. [Received, January 11th, 1932.] 





135. The Formation and Stability of spiro-Compounds. 
Part XIV. The Effect of the Methylcyclohexane 
Ring on the Carbon Tetrahedral Angle. 


By Ranounopsi Dasrpnar Desat. 


Tux recent work of Rao (J., 1930, 1162). and Kandiah. (J., 1931, 
952) has shown that when cyclohexane, which, as regards the reac- 
tions in question, behaves as @ strained ring, is interlocked in the 
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o-position with a six- or a five-membered ring, the resulting dicyelic 
nuclei behave like strainless rings. It appeared of interest to 
examine the effect of a single group with the view of gaining an 
insight into the character of such a ring on the basis of the valency 
deflexion hypothesis of Thorpe and Ingold. The methylceyclohexane 
ring was chosen for examination, and this communication deals 
with the hydrolysis products of monobromo- and dibromo-esters of 
’ 3-methyl- and 4-methyl-cyclohexane-1 : 1-diacetic acids. 

The diacetic acids were prepared by the acid hydrolysis of their 
respective dicyano-imides, prepared by Guareschi’s method from 
the ketones and ethyl cyanoacetate (compare Kon and Thorpe, J., 
1919, 115, 686). Each anhydride (I) gave two anilic acids (IIA and 
IIB) but only one anil (ITT). 


bs H, 
CH,°CO: wee 2 CH,°CO,H 
OMe >O< oe -007?, Bt Kt Dect CO:NHPh 
(I.) H, H, (IIA.) 
W NH,Ph 
I~ CH,*CO,H CH,CO 
H, Me ; CH,-CO-NHPh _-> C 5H gMe>C <C ‘H, *co->N Ph 
H, H, (I1B.) (IIT.) 


Monobromination of the Diacetic Acids. 


Like their cyclohexane analogue, the diacetic acids on monobromin- 
ation by the Hell-Volhard—Zelinsky method gave mixtures of mono- 
bromo- (IV), dibromo- (V), and unbrominated esters (VI). The 
monobromo-esters could be prepared by bromination of the ethyl 
hydrogen methylcyclohexane-1 : 1-diacetates, but the monobromo-acid 
esters (VIII) were always formed to the extent of 20—25%. The 
monobromo-esters were converted into lactonic esters (X) on dis- 
tillation. 


_-CHBrCO,Et Br-CO,Et 

Av.) CsHyMe>CCopp CO, It C;H,Me> EBSCO et wv.) 
7 H,CO,Et ,, HBr-CO,H 

(vi) € SH Me>C< GH Co = CsHyMe>C<Grr_ CO. (VIIL.) 


O O CHBr-CO,H 
C HC 2 C Hy>CCoe 2 CeH1.> HBr-CO-Et 


(x.) CO,Et (XI.) ote (IX.) 


cis- and trans-spiro-Acids. 
The neutral monobromo-esters (IV) were hydrolysed by 64% 
caustic potash solution to mixtures of spiro-acids (40%) and lactonic 
acids (XI), the yields of the spiro-acids being the same as in the case 
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of cyclohexane itself. Two spiro-acids, one trans- (XII) and the 
other cis- (XIII), in the p-series and three spiro-acids, two trans- 
(XIVA and XIVB) and one cis- (XVA), in the m-series have been 
isolated from the hydrolysis products. The separation of the cis- 
acids from their trans-isomerides was effected in each case by means 
of acetyl chloride, and fractional crystallisation from acetone 
separated the two components of the mixture of trans-acids in the 
m-series. Conversion of trans- into cis-forms was easily done by 
distillation, and hydration of the anhydrides, but in the m-series 
the trans-forms both gave the same cis-acid. 

The lactonic acids of the m-series formed in this reaction, and 
also by the hydrolysis of the monobromo-esters with 2N-sodium 
carbonate, did not solidify in a vacuum during 6 months, but one 
lactonic acid (XI), m. p. 145°, was isolated in small amount in the 
p-series. 


CO,H CO,H 








px cane CH: CON estas oon 
UsHyMe>C— >C<CH- cor? Sian +L 
A O0,H anhydride Hy 
(XIL.) (XII) 
CO,H 


H 10,H 


(XIvVA.) C;H,Me>C—— | 


CO,H we HOC y 
CO,H N& H 
H,O ike 





(XIVB.) 


ome 
catexe“S 





| Go, H tis: H 
so a, mg! 
Hy so HOC 60,H 
Py (XVB) cis-acid B 
(XVA) cis-acid A cis-anhydride ~ (not isolated) 


Stability of the spiro-Acids.—All the trans-spiro-acids have the 
same degree of stability, the position of the methyl group having 
no effect at all: they are stable to 5% hydrochloric acid at 240°, 
and to 10% hydrochloric acid at 200°, but are decomposed by the 
latter at 240° and by 20% hydrochloric acid at 200°, their respective 
diacetic acids remaining unchanged under identical conditions. 
The stability of these spiro-acids is much less than that of the cyclo- 
hexane analogue, which is stable to concentrated hydrochloric acid 
at 240°. 

Dibromination of the Diacetic Acids. 
The dibromo-esters (V) are conveniently obtained by the usual 


method, but a much longer time (100 hours) is required for the com- 
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pletion of the reaction. The acid product of bromination, formed 
in 10—15% yield, consists of a mixture of dibromo-acid ester (IX) 
and monobromo-acid ester (VIII). The dibromo-acid chlorides, 
which are probably mixtures of stereoisomeric forms, give rise to 
dibromo-acids (XVI) and bromo-lactonic acids (XVII) when warmed 
with anhydrous formic acid. 


HBr-CO,H HBr-CO HBr-CO 
CG 2 
sHyMe>C<corBrOOH > SOH vidi 
(XVI.) O,H CO,Et 
(XVIL.) (XVIII) 


As in the cyclohexane series, the dibromo-esters cannot be distilled, 
since they are thereby converted into bromo-lactonic esters (XVIII) 
with considerable charring. 

The dibromo-esters were hydrolysed by 64% caustic potash solu- 
tion at 150°, mainly to isomeric mixtures of «-ketomethylcyclo- 
hexane-1 : 1-diacetic acids (40%) (XIX) and a small amount of 
unsaturated acids (5%) (XX), The rest of the material was possibly 
changed into mixtures of stereoisomeric hydroxy-lactonic acids 
(XX). 


CO-CO,H 
(XIX.) CgH,,.> H,-CO,H CH, ,>C-CH,°CO,H (xx.) 
mau) tg 0(OH)-CO,H 
.) C,H P 
(XXI.) Cg Soe CoH a> C<.C0,H (X XII.) 
0,H 
CO,H 
C,H,.> (X XIII.) 
sien <cH,-CO,H 


The hydroxy-ring acid (XXII) could not be detected. It was 
no doubt formed, but owing to its instability under the experi- 
mental conditions must have been converted into its open-chain 
isomeride (XIX). The side chain which was eliminated as glyoxylic 
acid, leading to the formation of the unsaturated acid (XX), was 
oxidised to oxalic acid, which was detected among the reaction 
products. 

The isolation of the keto-acids (XIX) presented great difficulty, 
as the purified fraction which was supposed to contain them only 
did not solidify unless it was seeded with crystals of the keto-acids. 
Two keto-acids (A and B forms), isolated both in the m- and in the 
p-series, have been characterised as their quinoxaline derivatives, 
2 : 4-dinitrophenylhydrazones, and the phenylhydrazones of their 
methyl esters. The acids did not react with semicarbazide acetate, 
but the sodium salts of the semicarbazones were formed when their 
aqueous solutions were treated with semicarbazide hydrochloride 
and sodium acetate. Fuming hydrobromic acid degraded ‘the keto- 
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acids to 1-carboxymethylcyclohexane-1-acetic acids (XXIII), which 
could also be prepared by oxidising them with hydrogen peroxide: 
The A forms resisted oxidation by this reagent, but almost quanti- 
tative yields were obtained from the B forms. All the keto-acids 
were recovered unchanged after being heated with 64% caustic 
potash solution at 150° for 12 hours. 

The unsaturated acids (XX) formed in this reaction had the 
®y-structure, and were identified by means of their derivatives. As 
the hydroxy-lactonic acids did not solidify in a vacuum after 6 
months, no definite solid product could be isolated. 

Hydrolysis of the dibromo-esters with methyl-alcoholic potash 
gave chiefly mixtures of methoxy-spiro-acids. Two cis-methoxy- 
acids (XXIVA and XXIVB) and one trans-methoxy-acid (XX VA) 
were isolated in a pure form in the p-series ; the trans-methoxy-acid 
B (XXVB) had an indefinite m. p. On distillation, the mixture of 
trans-acids gave a mixture of cis-anhydrides A and B, the separation 
of which was effected by means of light petroleum (b. p. 60—80°), 
in which the A form, m. p. 148°, was sparingly, and B form, m. p. 
90°, freely soluble. 








p-Series. 

“7 CO,H 

1 Bite _ ai i‘ O HO y CO,H 

C pearrey< nn eee | ae. =" 
H Go, H H OMe OMe 
(XXVA) trans-acid ‘A cis-anhydride A, § (XXIVA) cis-acid A, 

m, p. 148° m. p. 182° 
HBr 


CH,°CO,H Ps. Oa CH,°CO 
>C<cojH * >C< G0! Cott 
succinic acid, m. p. 173° keto-acid B, m. p. 129° 


Me OC- 0 
CO.H . iA O x0 0H 
distil ee 
H H 











heat 


HO,0 yy Me Me 
(XXVB) trans-acid B cis-anhydride B, (XXIVB) cis-acid B, 
m. p. 90° m. p. 162° 
HBr 


Lhe 5 oo ea 


succinic acid, m. p. 136° = keto-acid A, m. p. 147° 


. Each cis-anhydride gave two anilic acids but only one anil. The 
cis-acids yielded the keto-acids (XIX) when heated with hydro- 
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bromic acid; a small amount of 1-carboxy-4-methylcyclohexane-1- 
acetic acid was also produced. 

One trans-methoxy- and four cis-methoxy-spiro-acids have been 
isolated in the m-series. The mixture of cis-methoxy-anhydrides 
was fractionally crystallised from light petroleum (b. p. 60—80°) and 
four anhydrides, A, B, C, and D, m. p. 141°, 117°, 101°, and 85° 
respectively, were isolated. The acids obtained from them melted 
at 194°, 195°, 197°, and 196° (XXVIA, B, C, and D) respectively, 
and depressed each other’s melting points. Acids A and D gave 
the same keto-acid B when heated with hydrobromic acid, and the 
same keto-acid A was obtained from the cis-acids B and C. On 
distillation, the mixture of trans-acids gave a mixture of cis-anhydr- 
ides, in which anhydrides A and D could be identified. Besides 
these spiro-methoxy-acids, which were sparingly soluble in benzene, 
benzene-soluble products were obtained in amounts insufficient for 
further investigation. 

















m-Series. 
vas CO,H 
C;H,Me>C* a reorumis 0 oo COLO, 
H due i OMe ikea Ly 
cis-anhydride A, (XXVIA) cis-acid A, a ol 
m. p. 141° m. p. 194° * . 
H,0O, 
ms H,O OMe On 
? CH, . 
C;H»Me> a8 ag "ie >05N) >C<E0 
O HO.C 00,H 
O-CO (XXVID) cis-acid D, succinic acid, 
cis- ‘nee m. p. 85° m. p. 196° m. p. 163° 
AY =O Jf Osi npr 5c 00-CO,H 
CjH,Me>oZ) “mr >05* CH,-CO,H 
MeO keto- acid A, 
m. p. 140° 


cis-anhydride = (XXVIB) cis- iil b, Ss 
m. p. 117° m. p. 195° ee 
a 


saith aa ns <— so 
HO, i 


=e age C, 


cis-anhydride C, m. p. Pan 


When the hydrolysis products “ ie dibromo-esters are com- 
pared with those of other series, the difference in behaviour of, the 
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cyclohexane and the methylcyclohexane ring becomes manifest. In 
the former case caustic potash gives mainly the hydroxy-ring acid 
(type XXII), the unsaturated acid (type XX), and the hydroxy- 
lactonic acids (type X XI). No keto-acid (type XIX) is obtained. 
When methyl-alcoholic potash is used, only the hydroxy-ring acids 
are obtained. In the cyclopentane, trans-decalin, and hexahydro- 
hydrindene series, the products of potash hydrolysis are keto-acid, 
unsaturated acid, and hydroxy-lactonic acids. Methyl-alcoholic 
potash gives methoxy-spiro-acids in all cases, but in the cyclopentane 
and hexahydrohydrindene series a cis-hydroxy-ring acid can be 
isolated which is stable to 64% potash solution. The hydrolysis of 
the dibromo-esters with 2N-sodium carbonate gives the keto-acid 
(small amounts) and a mixture of stereoisomeric hydroxy-lactonic 
acids which does not solidify even after 6 months. 

The foregoing evidence from the decomposition products of the 
monobromo- and the dibromo-esters of 3-methyl- and 4-methyl- 
cyclohexane-1 : 1-diacetic acids shows that the methylcyclohexane 
ring simulates the behaviour of strainless rings such as cyclopentane 
and especially trans-decalin and hexahydrohydrindene. The in- 
stability of the spiro-cyclopropane acids to 10% hydrochloric acid, 
and the stability of the keto-acids to 64% potash solution, emphasise 
this resemblance. The imides of 3- and 4-methylcyclohexanespiro- 
2 : 3-dicyano-2 : 3-dicarboxylic acids behave differently from their 
cyclohexane analogue when hydrolysed with caustic potash (Birch 
and Thorpe, J., 1922, 121, 1821). 

If the methylcyclohexane ring is strainless, the question naturally 
arises: ‘‘ How is this strain relieved?” It might be done by a 
departure from the uniplanar structure and the assumption of the 
multiplanar form, but during the present investigation no evidence 
of this was obtained through the discovery of additional isomeric 
forms. The difference between the methylated and the unmethyl- 
ated ring might be due to the stabilisation of one of the two possible 
strainless forms of the substituted ring. If this were so, a similar 
difference should appear in the dissociation constants of the diacetic 
acids (Spiers and Thorpe, J., 1925, 127, 538; Gane and Ingold, 
J., 1931, 2153). The dissociation constants of cyclohexane-1 : 1- 
diacetic acid and of its 3- and 4-methyl analogues are practically 
identical and are different from that of cyclopentane-1 : 1-diacetic 
acid (private communication from Dr. R. P. Linstead). No such 
assumption to account for the anomalous chemical results, therefore, 
can be entertained. 

If the configurations of the cyclohexane and the methylcyclohexane 
rings are the same, there must be some factor in the methylcyclo- 
hexane ring which invalidates the methods used to demonstrate 
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strain in other rings. It may be that the stability of the spiro-cyclo- 
propane acids to hydrochloric acid of various strengths is dependent 
upon physical and polar factors. As regards the stability of the 
keto-acid to 64% caustic potash solution, it may be that the keto- 
cyclol change is not dependent only on the proximity of the oxalyl 
and the acetic acid residue, and that Lanfear and Thorpe’s explan- 
ation (J., 1923, 123, 1686) is the correct one : 


00,H 
COCOH _. pp, -C=0 
CO,H ~  — * SCH:C(OH), 


boi 10,H 
‘OH ie — 
RC H-CO,H ~~ RiC< H—((OH), ” 


The polar influence of the methyl group in the methylcyclohexane 
ring may inhibit the transitory formation of either (A) or (B), which 
must necessarily be formed as an intermediate. 





RC (A) 


EXPERIMENTAL. 
p-Methyl Series. 


An ice-cold mixture of 4-methylcyclohexanone (168 g.) and ethyl 
cyanoacetate (339 g.) was added to absolute ethyl alcohol (600 c.c.), 
which was cooled in a freezing mixture and saturated with ammonia, 
After 24 hours, the precipitated ammonium salt was collected and 
decomposed with hot dilute hydrochloric acid. The w-imide of 
4-methylceyclohexane-1 : 1-dicyanoacetic acid obtained, after being 
washed with hot water and dried (yield, 250 g.), crystallised from 
dilute alcohol in needles, m. p. 215° (compare Thorpe and Wood, 
J., 1913, 103, 1593) (Found : C, 63-5; H, 6-3. Cale.: C, 63-7; H, 
6°1%). 

The imide was hydrolysed to 4-methylcyclohexane-1 : 1-diacetic 
acid by hot dilute sulphuric acid, but when a solution in concentrated 
sulphuric acid (10 parts) was kept for 24 hours and poured into 
water, the w-imide of 4-methylcyclohexane-1 : 1-dicarbamylacetic acid 
was obtained; it crystallised from glacial acetic acid in long flat- 
tened needles, m. p. 260° (decomp.) (Found: C, 55-4; H, 6-9, 
C13H,,0,N, requires C, 55-5; H, 6-8%). 

Ethyl 4-methylcyclohexane-1 : 1-diacetate, prepared by heating the 
acid (5 g.) with absolute alcohol (25 c.c.) and concentrated sulphuric 
acid (2 c.c.) for 6 hours, boiled at 178°/24 mm. (Found: C, 66-5; 
H, 9-7. C,;H,0, requires C, 66-7; H, 9-6%). 

Isomeric Anilic Acids.—The solid obtained from 4-methyleyclo- 
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hexane-1 : 1-diacetic anhydride (5 g.) and aniline (3 g.) in benzene 
solution after 24 hours melted at 170—175°. On fractional crystall- 
isation from alcohol, the sparingly soluble anilic acid A separated 
in flattened needles, m. p. 184° (Thorpe and Wood, Joc. cit.)... The 
more soluble anilic acid B crystallised from dilute alcohol in silky 
needles, m. p. 148° (Found: C, 70-5; H, 82. C,,H,,0,N 
requires C, 70-6; H, 80%.) 

The anil (III), obtained by heating the anilic acid at 200° for 
2 hours, and removing the unchanged anilic acid with dilute sodium 
carbonate solution, crystallised from dilute alcohol in needles, m, p. 
140° (Found: C, 75-1; H, 7-9. C,,H,,O,N requires C, 75-3; H, 
7:71%). 

Ethyl Hydrogen 4-Methylcyclohexane-1 : 1-diacetate.—4-Methyl- 
cyclohexane-1 : 1-diacetic anhydride (100 g.), dissolved in absolute 
alcohol (125 c.c.), was gradually added to a solution of sodium (12 g.) 
in absolute alcohol (300 c.c.) and heated for } hour on the water- 
bath. The alcohol was then removed, and the residue diluted with 
water, extracted with ether, and acidified. The viscous oil pre- 
cipitated was isolated by. means of ether; it could not be distilled 
under reduced pressure without conversion into the anhydride 
(Found : equiv., 241. C,,H,.O, requires equiv., 242). 

Monobromination.—Ethyl —«-bromo-4-methyleyclohexane-1 : 1-di- 
acetate ([V).—Phosphorus pentachloride (120 g.) and the acid ester 
(121 g.) were slowly mixed, warmed on the steam-bath for 2 hours, 
and dry bromine (28 c,c.) added at 50—60°. After 8 hours the 
mixture was poured into cooled absolute alcohol (450 c.c,), heated 
on the water-bath for 4 hours, and diluted with water. The oily 
bromo-ester thus precipitated was extracted with ether and washed 
with 5% sodium carbonate solution (yield, 75%) (Found ; Br, 22-4, 
C,;H,;0,Br requires Br, 22-:9%). On distillation it lost ethyl 
bromide and gave the lactonic ester (X), b. p. 205°/20 mm, (Found ; 
C, 64:8; H, 8-5. C 3H, 90,4 requires C, 65-0; H, 8:3%). 

The monobromo-acid ester (VIII) obtained on acidification of the 
sodium carbonate extract was a dark yellow, viscid oil (Found : 
Br, 24-5. Cy, 3H,,0,Br requires Br, 24-9%), 

Hydrolysis of the Neutral Monobromo-ester (IV) with 64% Caustic 
Potash Solution at 150°,—The bromo-ester (40 g.) was added as 
rapidly as possible to a solution of potassium hydroxide (120 g.) in 
water (66 c.c.) at 150°. The mixture was heated for 20 minutes, 
cooled, diluted with water, and acidified after removal of neutral 
impurities in ether. The oil obtained was isolated and dried in 
ether, recovered, and kept in a vacuum for 3 days; it then partly 
solidified (20 g.). The solid (5 g.) remaining after trituration with 
benzene was collected ; the benzene solution gave a further quantity 
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(1 g.) of the spiro-acid on addition of light petroleum. The solid 
(m. p. 195—203°), which was a mixture of cis- and trans-forms, was 
heated with acetyl chloride (25 c.c.) for 12 hours, the excess of acetyl] 
chloride removed, and the unchanged acid extracted from an 
ethereal solution of the residue with dilute sodium bicarbonate 
solution. The alkaline extract, on acidification, yielded trans-4- 
methylcyclohexanespirocyclopropane-2’ : 3’-dicarboxylic acid (XII), 
which crystallised from acetone in lustrous plates, m. p. 212° (Found : 
C, 62:1; H, 7-5; equiv., 106. C,,H,,0, requires C, 62-3; H, 
75%; equiv., 106). 

The ethereal solution from which the trans-acid was removed 
left a small quantity of a viscid liquid, which did not solidify but 
on decomposition with dilute potash solution gave the cis-acid 
(XIII), which crystallised from water in thick plates, m. p. 165° 
(Found : C, 62-2; H, 76%; equiv., 105-5). 

The anhydride, prepared by refluxing the cis-acid with acetyl 
chloride, solidified when kept over potash for a month, and crystall- 
ised from light petroleum (b. p. 60—80°) in lamin, m. p. 72° (Found : 
C, 67-8; H, 7-3. C,,H,,0, requires C, 68-0; H, 7-2%). 

The syrup obtained from the benzene mother-liquor was esterified 
with ethyl alcohol and sulphuric acid and distilled. A fraction 
(4 g.), b. p. 185—188°/18 mm., gave 2 g. of spiro-acids, m. p. 180— 
195°, on hydrolysis with concentrated hydrochloric acid; and a 
second fraction (15 g.), b. p. 199—203°/18 mm., gave a small 
quantity of a lactonic acid, crystallising from benzene in thick plates, 
m. p. 145°. 

Dibromination—Ethyl — ««' -dibromo-4-methylcyclohexane-1 : 1-di- 
acetate (V). A mixture of phosphorus pentachloride (405 g.) and 
4-methyleyclohexane-1 : 1-diacetic acid (185 g.) was warmed at 
50—60° for 3—4 hours, and dry bromine (100 c.c.) then added 
during 24 hours. After 96 hours, the mixture was poured into 
cooled absolute alcohol (800 c.c.) and refluxed for 6 hours. The oil 
precipitated on dilution was extracted with ether, washed with 
5% sodium carbonate solution, dried, and recovered (yield, 85%) 
(Found : Br, 36-9. C,,H,,0,Br, requires Br, 37-4%). 

The dibromo-ester charred considerably when distilled ; the bromo- 
lactonic ester (X VIII) formed had b. p. 235°/21 mm. (Found: Br, 
25-4. C,,H,,0,Br requires Br, 25-1%). 

The acid product of the dibromination was a semi-solid viscous 
mixture of dibromo- and monobromo-acid esters. The mono- 
bromo-acid ester (VIII) (Found: Br, 25-1. Cale.: Br, 24-99%) was 
removed by extraction with benzene—petroleum, in which the 
dibromo-acid ester (IX) was sparingly soluble (Found: Br, 38-8. 
C,,H,,0,Br, requires Br, 40-0°%). 
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Lactone of «-Bromo-a'-hydroxy-4-methyleyclohexane-1 : 1-diacetic 
Acid (XVII).—The dibromo-acid chloride was warmed with an 
excess of anhydrous formic acid for 4 hours, and the solid was 
collected after 24 hours, and extracted with benzene. The residue, 
consisting mainly of the lactone, crystallised from much benzene in 
long flattened needles, m. p. 210° (Found: C, 45-5; H, 4-9;- Br, 
27-°7;  equiv., 290. C,,H,,0,Br requires C, 45-4; H, 5-1; Br, 
275%; equiv., 291). 

The benzene extract, on concentration, deposited tiny needles of 
ac’ -dibromo-4-methylcyclohexane - 1:1 -diacetic acid (XVI), m. p. 
185° (decomp.) (Found: Br, 42-8; equiv., 186. C,,H,,0,Br, 
requires Br, 43-0%; equiv., dibasic, 186). 

Hydrolysis of the Dibromo-ester (V) with 64% Caustic Potash 
Solution at 150°.—This was done as for the monobromo-ester (p. 1055) 
(dibromo-ester, 100 g.; caustic potash, 360 g.; water, 200 c.c.): 
The dried acids (47 g.) recovered from the ethereal extract were 
esterified with ethyl alcohol and sulphuric acid, and the esters 
distilled. Three fractions were collected: (1) 120—123°/23 mm. 
(5 g.); (2) 195—197°/23 mm. (32 g.); (3) 205—210°/23 mm. 
(15 g.). 

Fraction (3) gave nothing definite on hydrolysis with concentrated 
hydrochloric acid. 

Fraction (1) was hydrolysed by 10% aqueous methyl-alcoholic 
potash ; the resulting acid (b. p. 154—155°/18 mm.) solidified when 
seeded with a crystal of 4-methylcyclohexenylacetic acid. It 
crystallised from light petroleum (b. p. 40—60°) in plates, m. p. 
42—43° (Found : C, 70-0; H, 9-2; equiv., 154. Calc. for C,H,,0, : 
C, 70:1; H, 91%; equiv., 154), and gave an amide, m. p. 155° 
(Wallach and Evans, Annalen, 1907, 353, 312). 

Fraction (2) was heated with concentrated hydrochloric acid for 
24 hours and the resulting acids were extracted with ether, recovered, 
dried in a vacuum at 100°, and seeded in benzene solution with a 
crystal of the keto-acid prepared from the methoxy-spiro-acid (see 
later). The solid (15 g.) thus obtained was extracted with benzene ; 
the residue crystallised from chloroform in soft needles, m. p. 147°, 
of «-keto-4-methyleyclohexane-1 : 1-diacetic acid (A) (XIX) (Found ; 
©, 57-7; H, 7-1; equiv., 114. C,,H,,0, requires C, 57-9; H, 70%; 
equiv., 114). 

The quinoxaline derivative, readily formed from the keto-acid 
and o-phenylenediamine in glacial acetic acid on the water-bath, 
crystallised from dilute alcohol (charcoal) in white laminez, m. p. 
226° (Found: C, 67-9; H, 6-8. C,,H,,0,N, requires C, 68-0; H, 
6-7%). The 2 : 4-dinitrophenylhydrazone, prepared in hot alcohol, 
crystallised from dilute alcohol in sulphur-yellow needles, m. p. 220° 

MM2 
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(decomp.) (Found : ©, 50-0; H, 5-0. C,,H,,0,N, requires C, 50-2; 
H, 49%). The methyl ester, prepared by means of hot alcoholic 
sulphuric acid, had b. p. 192°/25 mm. (Found: ©, 60-7; H, 7-8. 
CigH.0; requires C, 60-9; H, 7-8%), and gave, when heated with 
a slight excess of phenylhydrazine in benzene solution on the water- 
bath for 1 hour, a phenylhydrazone, precipitated by light petroleum 
(b. p. 40—60°), which crystallised from benzene in rhombic plates, 
m. p. 163° (Found : C, 65-6; H, 7-7. C  gH,,0,N, requires C, 65-9; 
H, 7-5%). 

The benzene extract of the acids gave on evaporation a solid, 
m. p. 120—135°, from which was obtained, by fractional crystall- 
isation from chloroform—benzene, the more soluble keto-acid B; this 
crystallised from, benzene in clusters of short needles, m. p. 128— 
129° (mixed m. p. with its stereoisomeride, 110—115°) (Found : 
C, 57-9; H, 7-1%; equiv., 114). 

The quinoxaline derivative crystallised from alcohol (charcoal) in 
silky needles, m. p. 245° (mixed m. p. with its stereoisomeride, 210— 
215°) (Found : C, 67-8; H, 6-7%), the 2 : 4-dinitrophenylhydrazone 
in sulphur-yellow silky needles, m. p. 205° (decomp.) (Found: C, 
50-1; H, 5-1%), and the phenylhydrazone, prepared in hot benzene 
solution and solidified by rubbing with dry ether, in colourless 
plates (from benzene), m. p. 204° (decomp.) (Found: C, 63-9; H, 
7-0. C,,H,,0,N, requires C, 64:1; H, 6-9%). The methyl ester, 
b. p. 187°/20 mm. (Found : C, 60-8; H, 79%), gave a phenylhydr- 
azone which crystallised from benzene in colourless plates, m. p. 
227° (decomp.) (Found : C, 65:7; H, 7-8%). 
. Oxidation of the Keto-acids with Hydrogen Peroxide.—The keto- 
acids in 10% sodium carbonate solution were gently warmed with 
an excess of 20-vol. hydrogen peroxide and left over-night. The 
succinic acids that separated on acidification were collected. 
1-Carboxy-4-methylcyclohexane-l-acetic acid (A), obtained in very 
small amount from the keto-acid (A), crystallised from water in 
plates, m. p. 136° (with previous sintering) (Found: C, 59:8; H, 
8-1; equiv., 99:5. C,,H,,0, requires C, 60-0; H, 80%; equiv., 
100). 1-Carboxy-4-methylcyclohexane-l-acetic acid (B), formed in 
good yield from the keto-acid (B), crystallised from water, containing 
a little alcohol, in long flattened needles, m. p. 173° (efferv.) ( Found : 
C, 59-9; H, 8-0%; equiv., 100). Its anhydride, prepared by heating 
with excess of acetyl chloride, crystallised from petroleum (b. p. 
60—80°) in plates, m. p. 104° (Found: O, 65-7; H, 7:8. CygH4,0, 
requires C, 65:9; H, 7:7%). The anilic acid, prepared in benzene 
solution, crystallised from alcohol in needles, m. p. 184° (Found : 
C, 69:5; H, 7-8. C,,H,,0,N requires C, 69-8; H, 7-6%). 

These two carboxymethylcyclohexaneacetic acids seem to be 
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identical with the acids A and C prepared by Qudrat-i-Khuda (J. 
Indian Chem. Soc., 1931, 8, 277). 

Hydrolysis of the Dibromo-ester (V) with Methyl-alcoholic Potash.— 
The dibromo-ester (100 g.) was added as rapidly as possible to a 
boiling solution of caustic potash (200 g.) in methyl] alcohol (600 c.c.), 
and the reaction completed by heating for 20 minutes. Methyl 
alcohol having been removed by means of a pump, the aqueous solu- 
tion was acidified with concentrated hydrochloric acid and the pre- 
cipitated acids were extracted with ether, dried, recovered (52 g.), 
and refluxed with acetyl chloride (100 c.c.) for 12 hours. The excess 
of acetyl chloride was then removed, the residue dissolved in ether, 
the solution extracted with 5°% aqueous sodium bicarbonate, washed, 
and dried, and the mixture of anhydrides recovered (35 g.), left in 
a vacuum for 24 hours, and extracted with petroleum (b. p. 60—80°) ; 
a part of it dissolved, leaving a residue (15 g.) which crystallised from 
benzene—petroleum (b. p. 60—80°) in long silky needles, m. p. 148°, 
of cis-4-methyleyclohexanespiro-2'-methoxycyclopropane-2’ : 3'-dicarb- 
oxylic anhydride A (Found: C, 644; H, 7-1. C©,,H,,0, requires 
C, 64:3; H, 7:1%). The petroleum extract deposited some an- 
hydride A on standing and then, on concentration, the cis-anhydride 
B (5 g.) in thick rhombic plates, m. p. 90° (Found: C, 64-4; H, 
7:-2%). Finally, on evaporation, an oil remained which distilled at 
185—186°/20 mm. and solidified to a mixture of anhydrides A and B. 

Antlic acids and anils. (1) The cis-anhydride A and aniline were 
mixed in benzene, the solvent evaporated, and the residue dissolved 
in ether and extracted with sodium carbonate solution; the solid 
obtained on acidification of the alkaline extract was separated by 
crystallisation from alcohol into thick plates, m. p. 183°, of the 
less soluble anilic acid A (Found: C, 67-9; H, 7-4. C,gH,,0,N 
requires C, 68-2; H, 7-2%) and silky needles, m. p. 160°, of the more 
soluble anilic acid B (Found: C, 68-0; H, 7-3%). 

The anil crystallised from alcohol in long prismatic needles, m. p. 
134° (Found: C, 72-0; H, 6-9. C,,H,,O,N requires C, 72-2; H, 
7-0%). 

(2) An anilic acid was precipitated at once when the cis-anhydride 
B and aniline were mixed in benzene solution; recrystallisation from 
alcohol gave the anilic acid A’ in needles, m. p. 193° (efferv.) (Found : 
C, 68-2; H, 7-3%). The benzene solution on evaporation yielded 
the anilic acid B’, which crystallised from dilute alcohol in tiny 
plates, m. p. 157° (Found: C, 68-1 ; H, 7-5%). 

The anil crystallised from alcohol in plates, m. p. 96° (Found: C, 
72-5; H, 7-1%). 

cis-4-M ethyleyclohexanespiro-2’-methoxycyclopropane-2’ : 3’ -dicar- 
boxylic acid A (XXIVA), obtained from the anhydride A, crystallised 
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from water in plates or needles, m. p. 182° (efferv.) (Found : C, 59-6; 
H, 7-3; equiv., 121. C,,H,,0, requires C, 59:5; H, 7-4%; equiv., 
121). The corresponding cis-acid B (XXIVB), obtained from the 
anhydride B, crystallised from water in plates containing water of 
crystallisation ; the anhydrous acid melted at 162° (efferv.) (Found : 
C, 59-4; H, 7-6; equiv., 121). 

trans-Methoxy-spiro-acid A (XXVA). The sodium bicarbonate 
extract (p. 1059) was acidified with concentrated hydrochloric acid ; 
the recovered liquid acids (15 g.) became semi-solid after being kept 
for 3 weeks ina vacuum. The solid (5 g.) was obtained by trituration 
with benzene. After removal of the benzene-soluble portion (from 
which a very small quantity of a solid, m. p. 145° after softening at 
122°, was obtained), the residue was fractionally crystallised from 
dilute acetone, the trans-acid A being obtained in plates, m. p. 190° 
(previous sintering) (Found: C, 59-3; H, 7-7%; equiv., 121). On 
distillation it gave the cis-methoxy-anhydride A, m. p. 148°. From 
the remaining mixture of acids, the trans-acid B could not be isolated. 

Action of Fuming Hydrobromic Acid on the cis-Methoxy-spiro- 
acids A and B.—A solution of the cis-methoxy-acid A (5 g.) in fuming 
hydrobromic acid (50 c.c.) was heated under reflux for 6 hours and 
then diluted with water. The precipitated solid, which proved to 
be 1-carboxy-4-methylcyclohexane-1-acetic acid, m. p. 173° (efferv.), 
was removed, and the filtrate saturated with ammonium sulphate 
and extracted four times with ether; the gum obtained from the 
extracts partly solidified after being kept in a vacuum for 3 weeks. 
The solid, obtained by trituration with benzene, gave «-keto-4- 
methyleyclohexane-1 : l1-diacetic acid B (XIX), m. p. 129°, on 
recrystallisation from this solvent. The benzene solution, on con- 
centration, yielded the succinic acid A, m. p. 173°. 

When the cis-acid B was similarly treated, the crude keto-acid 
obtained melted at 142—145°. On crystallisation from chloroform 
the keto-acid A, m. p. 147°, was obtained; the mother-liquor gave 
the succinic acid, m. p. 136°. 


m-Methyl Series. 

The preparative methods here are so similar to those used in the 
p-series that descriptive details are omitted. 

The w-imide of 3-methylcyclohexane-1 : 1-dicarbamylacetic acid 
crystallised from glacial acetic acid in plates, m. p. 272° (decomp.) 
(Found : C, 55-7; H, 7-0. C,,H,,0,N, requires C, 55-5; H, 68%). 

Ethyl 3-methyleyclohexane-1 : 1-diacetate had b. p. 174°/22 mm. 
(Found : C, 66-6; H, 9-8. C,,;H,,0, requires C, 66-7; H, 9-6%). 

Anilic Acids (Il)—The less soluble acid A crystallised from 
alcohol in plates, m. p. 172°, the more soluble acid B in tiny needles 
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or plates, m. p. 141° (Found : C, 70-7; H, 8-1. © ,,H,,0,N requires 
C, 70-6; H, 8-0%). 

The anil crystallised from alcohol in needles, m. p. 137° (mixed 
m. p. with the anilic acid B, 115—118°) (Found: C, 75-5; H, 7-8. 
C,,H,,0,N requires C, 75:3; H, 7-7%). 

Monobromination.—The monobromination of ethyl hydrogen 
3-methylcyclohexane-1 : l-diacetate gave ethyl «-bromo-3-methyl- 
cyclohexane-1 : 1-diacetate (IV) (75% yield) (Found: Br, 22:5. 
C,;H,,O,Br requires Br, 22-9%), which on distillation was converted 
into the lactonic ester (X), b. p. 196°/16 mm. (Found: C, 64-9; 
H, 8-4. Cy 3H, 0, requires C, 65-0; H, 83%). 

The monobromo-acid ester (V) was a dark yellow, viscous liquid 
(Found : Br, 24-6. C,,H,,0,Br requires Br, 24-9%). 

Hydrolysis of the Neutral Monobromo-ester (IV) with 64%, Caustic 
Potash at 150°.—The acids (25 g.) obtained from the monobromo- 
ester (50 g.) partly solidified in a vacuum. The solid (8 g., m. p. 
230—245°) remaining after trituration with benzene was treated 
with acetyl chloride (40 c.c.) and the trans-acids (7-5 g., m. p. 240— 
248°) ultimately isolated were fractionally crystallised from acetone. 
The less soluble trans-3-methylcyclohexanespirocyclopropane-2' : 3'- 
dicarboxylic acid A (XIVA) crystallised in short needles, m. p. 270° 
(Found : C, 62-2; H, 7-4; equiv., 106. C,,H,,0, requires C, 62-3; 
H, 75%; equiv., 106), the dianilide of which formed needles, m. p. 
280° from alcohol (charcoal) (Found : C, 76:3; H, 7-3. C,,H,,0,N, 
requires C, 76-2; H, 7-2%). The more soluble acid (m. p. 235— 
238°), when extracted with aqueous acetone, mostly dissolved; the 
solution slowly deposited a solid which, recrystallised thrice from the 
same solvent, gave the trans-acid B in small plates, m. p. 245° 
(Found : C, 62-3; H, 7-4%; equiv., 106); the dianilide crystallised 
from alcohol in short needles, m. p. 260° (Found : C, 76-5; H, 7-1%). 
cis-3-Methyleyclohexanespirocyclopropane-2’ : 3’-dicarboxylic acid A 
(XVA), prepared from the anhydride obtained from the ethereal 
solution from which the trans-acids had been removed, crystallised 
from water in needles, m. p. 205° (Found : C, 62-2; H,7-5%; equiv., 
106). 

ma ac’ -dibromo-3-methylcyclohexane-1 : 1-diacetate (V) was ob- 
tained in 85% yield in the dibromination of 3-methylcyclohexane- 
1: 1-diacetic acid (Found: Br, 37-6. C,;H,,0,Br, requires Br, 
37-4%). On distillation it gave the bromo-lactonic ester (XVIII) as 
a pale yellow, viscous liquid, b. p. 234°/21 mm., which partly solidi- 
fied. The solid crystallised from benzene—petroleum (b. p. 60—80°) 
in plates, m. p. 130° (Found: Br, 24-9. C,,;H,,0,Br requires Br, 
25-1%). 

The acid product of dibromination became semi-solid when kept ; 
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the solid obtained by treating it with benzene-light petroleum 
crystallised from benzene in clusters of thick plates, m. p. 162°, of 
ethyl hydrogen aa’ -dibromo-3-methyleyclohexane-1 : 1-diacetate (Found : 
Br, 39-8; equiv., 398. C,,H,,O,Br, requires Br, 40-0%; equiv., 
400). The mother-liquor gave an almost pure monobromo-acid 
ester (Found: Br, 25-3. Calc. for C,,H,,0,Br: Br, 24:9%). 

Stereoisomeric Lactones of «-Bromo-a'-hydroxy-3-methylcyclohexane- 
1 : 1-diacetic Acid —The gum obtained by decomposing the dibromo- 
acid chloride with excess of anhydrous formic acid became semi-solid 
when kept. After trituration with benzene, the solid was removed 
and crystallised from chloroform, the bromo-lactonic acid A (XVII) 
being obtained in white plates, m. p. 225° (Found : C, 45-7; H, 5-2; 
Br, 27:6; equiv., 289. C,,H,,0,Br requires C, 45-5; H, 5-1; Br, 
27-56%; equiv., 291). The chloroform mother-liquor on evaporation 
left a solid which, recrystallised from benzene, gave the bromo- 
lactonic acid B in needles, m. p. 201° (Found: Br, 27-8%; equiv., 
290). 

Hydrolysis of the Dibromo-ester with 64°% Caustic Potash Solution 
at 150°.—The acids (47 g.) obtained by hydrolysis of the dibromo- 
ester (100 g.), being liquid, were esterified, and the ethyl esters frac- 
tionally distilled : (1) 118—120°/23 mm. (5g.), (2) 190—193°/23 mm. 
(30 g.), (3) 200—205°/23 mm. (20 g.). 

Fraction (1), on hydrolysis, gave 3-methylcyclohexenylacetic acid, 
b. p. 152—153°/20 mm. (Found: C, 70-2; H, 9-3; equiv., 153. 
Cale. for C,H,,0,: C, 70-1; H, 9-1%; equiv., 154), the amide of 
which had m. p. 154° (Wallach, Annalen, 1906, 347, 340). 

Fraction (2). The acids obtained by hydrolysis were kept in a 
vacuum for 1 month, benzene was added, and the solution seeded 
with a crystal of the keto-acid (synthesised from the methoxy-spiro- 
acid). The solid (10 g.) was fractionally crystallised from benzene. 
The less soluble solid was recrystallised from chloroform, «-keto-3- 
methyleyclohexane-1 : 1-diacetic acid A being obtained in needles, 
m. p. 139—140° (Found : C, 57:8; H, 7:2; equiv., 114. C,,H,,0; 
requires C, 57-9; H, 7-:0%; equiv., 114). [The quinozxaline deriv- 
ative crystallised from dilute acetic acid (charcoal) in small plates, 
m. p. 217° (Found: C, 68-1; H, 6-8. (C,,H,,0,N, requires C, 68-0; 
H, 67%), and the 2: 4-dinitrophenylhydrazone from alcohol in 
yellow needles, m. p. 198° (decomp.) (Found: C, 50:3; H, 5:1. 
C,,H,O,.N, requires C, 50:3; H, 49%); mixed m. p. with the 
isomeric dinitrophenylhydrazone, 179—183° (decomp.).] The more 
soluble component was crystallised from chloroform—benzene and 
then from benzene, «-keto-3-methylcyclohexane-1 : 1-diacetic acid B 
being obtained in clusters of small needles, m. p. 126—127° (Found : 
C, 57:7; H, 7-1%; equiv., 114). [The quinovaline derivative 
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crystallised from dilute aleohol (charcoal) in colourless needles, m. p. 
239° (Found: C, 68-2; H, 6-9%), and the 2 : 4-dinitrophenylhydr- 
azone in sulphur-yellow flattened needles, m.:p. 194° (decomp.) 
(Found: C, 50:4; H, 50%). The methyl ester, b. p. 185°/23 mm. 
(Found: C, 60-9; H, 7-9%), formed a phenylhydrazone, which 
crystallised from benzene in colourless plates, m. p. 220° (decomp.) 
(Found: C, 65-6; H, 7-9%).] 

Oxidation of the keto-acid B with hydrogen peroxide gave 1-carb- 
oxy-3-methyleyclohexane-1-acetic acid, which crystallised from water 
in plates, m. p. 163° (efferv.) (Found : C, 59-9; H, 8-1; equiv., 100. 
C19H,,0, requires C, 60-0; H, 80%; equiv., 100). 

The anhydride had b. p. 166°/22 mm. and m. p. 41° (Found: OC, 
65:8;. H, 7-6. C,)H,,0, requires C, 65:9; H, 7-7%). The anilic 
acid, which was precipitated at once from benzene solution, crystall- 
ised from alcohol in lustrous laminzw, m. p. 170° (efferv.) (Found : 
C, 69-9; H, 7-7. C,,H,,0,N requires C, 69-8; H, 7:6%). The 
anil crystallised from alcohol in needles, m. p. 139° (Found : C, 74-8; 
H, 7:5. CygH,0,N requires C, 74-7; H, 7-4%). 

Hydrolysis of the Dibromo-ester with Methyl-alcoholic Potash.— 
The acids (53 g.) obtained from the dibromo-ester (100 g.) gave a 
mixture of cis-methoxy-anhydrides (34 g.) on treatment with acetyl 
chloride (100 c.c.). The mixture solidified in a vacuum after 2 
days and was then treated with light petroleum (b. p. 60—80°); the 
residue, recrystallised from petroleum containing a little benzene, 
gave cis-3-methylcyclohexanespiro-2’-methouycyclopropane-2’ : 3'-di- 
carboxylic anhydride A in long needles, m. p. 140—141° (Found: C, 
64:3; H, 6-9. C,.H,,0, requires 0, 64-3; H, 7-1%). 

The benzene—petroleum mother-liquor and the petroleum extract 
were mixed and concentrated and the solid, m. p. 110—125°, ob- 
tained was recrystallised from petroleum (b. p. 60—-80°). The first 
crop melted at 140° (previous sintering); the second crop (m. p. 
105—110°), after five or six crystallisations, was separated into the 
cis-anhydride A and the cis-anhydride B, the latter of which crystall- 
ised from petroleum in silky needles, m. p. 116° (Found: C, 64-3; 
H, 7-2%). 

The petroleum solution from which the anhydrides A and B had 
been removed was concentrated to half its bulk; it then yielded a 
solid, m. p. 65—75°, which was fractionally crystallised from the 

same solvent. The first crop, m. p. 95—98°, on recrystallisation 
yielded the cis-anhydride C in fluffy needles, m, p. 101° (Found: C, 
64-3; H, 70%). The second crop, m. p. 79—82°, when recrystall- 
ised from petroleum (b. p. 40--60°) gave thick rhombic plates, m. p. 
85°, of the cis-anhydride D (Found : C, 64:2; H, 7-1%). 
The petroleum mother-liquor from which the solid anhydrides 
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had been removed was evaporated, the residual oil (15 g.) decom- 
posed with dilute potash solution, and the acids recovered. Benzene 
extracted a solid (2 g.), m. p. 148° after softening at 125°. The 
benzene-insoluble acids were distilled; a liquid (10 g.), b. p. 175°/ 
20 mm., was obtained which solidified. When it was fractionally 
crystallised, anhydrides A, B, C, and D were obtained and a small 
amount of an oil was left. 

The cis-anhydride A gave anilic acids A (insoluble in benzene) 
and B (soluble in benzene), which crystallised from alcohol in 
lustrous lamine, m. p. 195° (efferv.) (Found: C, 68-0; H, 7:4. 
C,gH,,0,N requires C, 68-2; H, 7:2%), and plates, m. p. 135° 
(Found: C, 68-3; H, 73%), respectively. The anil crystallised 
from alcohol in plates, m. p. 112° (Found: C, 72:3; H, 7:3. 
C©,,H,,O,N requires C, 72-2; H, 7-0%). 

The cis-methory-acid A, obtained by decomposing the anhydride 
with dilute potash solution, crystallised from water in needles, m. p. 
194° (efferv.) (Found: C, 59-7; H, 7:3; OMe, 12-9; equiv., 121. 
C,,H,,0, requires C, 59-5; H, 7-4; OMe, 12-8%; equiv., 121). 

The anilic acid (insoluble in benzene) obtained from the cis- 
anhydride B crystallised from alcohol in needles, m. p. 215° (efferv.) 
(Found: C, 69-7; H, 7-8%). The cis-methoxy-acid B crystallised 
from water in long silky needles, m. p. 195° (efferv.) (Found: C, 
59-4; H, 7-4%; equiv., 121); mixed m. p. with stereoisomeride A, 
175—180°. 

The anilic acid obtained from the cis-anhydride C crystallised 
from alcohol in flattened needles, m. p. 212° (Found: C, 70-0; H, 
7:7%). The cis-methoxy-acid C crystallised from water in silky 
needles, m. p. 197° (efferv.) (Found : C, 59-3; H, 7-4; OMe, 133%; 
equiv., 121); mixed m. p.’s with acids B and A, 175—180° and 
173—177°, respectively. Mixtures of the acids A, B, and C melted 
at 165—170°. 

The anilic acid obtained from the cis-anhydride D crystallised 
from alcohol in plates, m. p. 192° (efferv.) (Found: C, 68-4; H, 
7-2%), and the anil in thick plates, m. p. 118° (Found: C, 72:1; H, 
7:1%). The cis-methoxy-acid D crystallised from water in small 
plates, m. p. 196° (efferv.) (Found : C, 59-7; H, 7-3; OMe, 13-2%; 
equiv., 121). 

The m. p.’s of all these cis-methoxy-acids and anilic acids depend 
upon the rate of heating. The recorded m. p.’s were taken in a 
bath previously heated to 140—150°. Even so, a difference of 
2—3° was observed with the same sample. 

trans-Methoxy-spiro-acids. The liquid acids, recovered by acidi- 
fication of the alkaline extract in the separation of the cis- and trans- 
methoxy-acids, partly solidified in a vacuum after 2 weeks. The 
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solid, obtained by trituration with benzene, was repeatedly crystall- 
ised from aqueous acetone, giving plates, m. p. 201° (previous 
sintering), of trans-3-methylcyclohexanespiro-2’-methoxycyclopropane- 
2’ : 3’-dicarboxylic acid A (Found: C, 59-5; H, 7:3%; equiv., 121). 
This was converted into the cis-methoxy-anhydride A on distillation. 

Action of Hydrobromic Acid on the cis-Methoxy-acids A and D.— 
A solution of the cis-methoxy-acid (5 g.) in hydrobromic acid (50 c.c.) 
was heated for 6 hours. The gum produced, isolated from the 
diluted solution by means of ether, was esterified with methyl- 
alcoholic sulphuric acid, and two fractions of esters were collected : 
(1) 150—152°/22 mm., (2) 183—185°/23 mm. The first fraction 
on alkaline hydrolysis gave 1-carboxy-3-methylceyclohexane-l-acetic 
acid, m, p. 163° (efferv.), the second fraction gave «-keto-3-methoxy- 
cyclohexane-| : 1-diacetic acid B, m. p. 127°. 


I take this opportunity of expressing my grateful thanks to 
Professor J. F. Thorpe, C.B.E., F.R.S., Dr. G. A. R. Kon, and Dr. 
R. P. Linstead for their kind interest and encouragement during 
the work described in this and the three following papers, to the 
University of Bombay for a Scholarship, and to the Chemical Society 
for a grant that partly defrayed the cost. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [ Received, November 5th, 1931.] 





136. The Chemistry of Alkylcyclopentanones. Part 
II. The Effect of the Methylcyclopentane Ring 
on the Carbon Tetrahedral Angle. . 


By RancunHops1 DasrpHar Desal. 


In Part I (J., 1931, 1216) the synthesis of 3-methyleyclopentane-1 : 1- 
diacetic acid was described. Its mono- and di-bromo-derivatives 
and the products of their hydrolysis have now been studied with the 
object of ascertaining the effect of the methylcyclopentane ring on 
the carbon tetrahedral angle on the basis of Thorpe and Ingold’s 
valency deflexion hypothesis. 

Monobromination.—The neutral monobromo-ester (I) prepared 
from the acid by the usual method of bromination was accompanied 
by the dibromo-ester (II) and unbrominated ester. It was obtained 
pure by bromination of ethyl hydrogen 3-methylcyclopentane-1 : 1- 
diacetate, though the monobromo-acid ester was always formed 
(15—20%). The monobromo-ester (I) could be distilled under 
reduced pressure, but distillation under ordinary pressure converted 
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it into the lactone of ethyl hydrogen «-hydroxy-3-methylcyelo- 
eer : 1-diacetate ea 


CHa Soc CHBrOO,Bt 9 CHBr-CO,Bt CO 
HMe-CH > -~CH,-CO, HBr-CO,Et 
(I.) (II.) (IIL) re 


The neutral monobromo-ester was hydrolysed by 64% caustic 
potash solution at 150° to a mixture of cyclopropane-spiro-acids 
(40%) and lactonic acids. 3-Methylcyclopentanespirocyclopropane- 
2’ : 3’-dicarboxylic acid can exist in four dl-forms, two cis and two 
trans. The two trans-acids (IV and V) and one of the cis-acids (VI) 
were isolated from the hydrolysis product. The cis- was separated 
from the trans-forms by means of acetyl chloride, and the mixture 
of trans-acids was separated into its components by fractional 
crystallisation from acetone—benzene. On distillation, the trans- 
acids both gave the anhydride (VII) of the cis-acid (V1). 








CO,H H 
H distil 40 PP co voy) poe 
oneineals o > >Cc ee aN 
(IV) trans-Acid A, (VII) cis- oats A, (V) trans-Acid B, 
m. p. 230° m. p. 75° m, p. 215° 
9° 
H CO,H 
At ANN 
C,H,Me>c7 > ak 
HO,C do 54 Hy 
(VI) cis-Acid A, m. p. 175° cis-Acid B (not isolated) 


The two trans-spiro-acids are stable to 5% hydrochloric acid at 
200°, but are completely decomposed by it at 240° after prolonged 
heating, and rapidly at 200° by 10% hydrochloric acid: The parent 
diacetic acid remains unaffected under identical conditions. The 
spiro-acids are thus slightly more stable than caronic acid or the 
cyclopentane analogue, but considerably less so than the cyclohexane 
acid. 

The lactone of «-hydroxy-3-methylcyclopentane-1 : 1-diacetic acid 
should exist in eight stereoisomeric modifications, giving four dl- 
forms (VIIIA, B, C, and D); two of these have been isolated. The 
hydrolysis of the neutral monobromo-ester with sodium carbonate 
solution gave a mixture of lactonic acids, from which the Jactonic 
acid A (VIII) was isolated. The lactonic acid B was prepared by 
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similar hydrolysis of the monobromo-acid ester. The lactonic acid 
A was also identified among the products of saaaaces of the neutral 


CH,°CO H,—CO 
oe GE 2 
A,” 
(VITA) (B) (c) (D) 


monobromo-ester with concentrated potash solution. As their 
configurations could not be determined, they have been called 
A and B forms. 

Dibromination.—3-Methylcyclopentane-1 : 1-diacetic acid was 
smoothly brominated by the Hell—-Volhard—Zelinsky method in 
72 hours. The yield of monobromo- and dibromo-acid ester was 
10—15%. The neutral dibromo-ester (II) was converted by 
distillation into the lactone of ethyl hydrogen «-bromo-«'-hydroxy- 
3-methylcyclopentane-1 : 1-diacetate (IX). 

Hydrolysis of the neutral dibromo-ester with 64°% potash solution 
at 150° gave mainly «-keto-3-methylcyclopentane-1 : 1-diacetic acid 
(45%), 3-methylcyclopentylideneacetic acid (5%), and a stereoisomeric 
mixture of hydroxy-lactonic acids from which the lactone of 
ax’-dihydroxy-3-methylcyclopentane-1 : l-diacetic acid (X) was 
isolated in small amount. 

O H(OH)—¢ 
(IX.) Ai cmsenge uae >*“SH(CO,H): ade: (X.) 


The keto-acid was oxidised by hydrogen peroxide to 1-carboxy-3- 
methylcyclopentane-l-acetic acid, the constitution of which was 
proved by a rational synthesis from 3-methyleyclopentanone by 
Higson and Thorpe’s method (J., 1906, 89, 1455); 

The formation of 3-methylcyclopentylideneacetic acid in the 
hydrolysis of the dibromo-ester probably involved the removal of the 
side chain as glyoxylic acid, which might have been oxidised to 
oxalic acid, as this was identified among the hydrolysis products. 
The unsaturated acid was proved to be the «8-form by its reactions, 
and by its synthesis by the condensation of 3-methylcyclopentanone 
with bromoacetic ester in presence of zinc; the hydroxy-ester 
formed was accompanied by a considerable amount of 4-methyl-2- 
(3’-methyleyclopentylidene)cyslopentanone (Wallach, Ber., 1896, 
29, 2965), which gave 3-methylcyclopentanone and (-methyl- 
glutaric acid on oxidation. Wallach’s liquid hydroxy-acid (Annalen, 
1901, 314, 160) was found to be a mixture of @ liquid and a solid 
isomeride. The latter, C;H,)>C(OH)-CH,°CO,H, on dehydration 
with acetic anhydride, gave a mixture of «$-unsaturated acids, from 
which an acid identical with the one mentioned above was obtained 
by fractional crystallisation. 
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Hydrolysis of the dibromo-ester (II) with methyl-alcoholic potash 
gave a mixture of cis- and trans-methoxy-spiro-acids, together 
with small amounts of «-hydroxy-«’-methoxy-3-methylcyclopentane- 
1 : 1-diacetic acid and its lactone. 

Two trans- (XIA and B) and two cis-forms (XIIA and B) of 
3-methyleyclopentanespiro-2’(or — 3’)-methoxycyclopropane-2’ : 3’-di- 
carboxylic acid were isolated. The trans-acids were converted by 
distillation into the anhydrides of the cis-acids. All the methoxy- 
spiro-acids gave «-keto-3-methylcyclopentane-1 : 1-diacetic acid and 
a small amount of 1-carboxy-3-methylcyclopentane-l-acetic acid 
when heated with hydrobromic acid. The cyclic hydroxy-acid, 
3-methyleyclopentanespiro - 2’ - hydroxycyclopropane - 2’ : 3’ - dicarb- 
oxylic acid, was probably formed, but owing to its instability changed 
into its open-chain isomeride, the keto-acid, the stability of which 
was shown by its recovery unchanged after 8 hours’ heating with 
64% potash solution at 150°. 

















H 060 CO,H 
F aint | CO _H0. | CO,H 
S06") wt SOD >0as 
HOC OMe OMe OMe 
(XIA) trans-Acid A, Anhydride A, (XITA) cis-Acid A, 
m. p. 190° m, p. 87° m. p. 175° 
CO,H OC-O OMe 
Lae ate H 
distil > 
>0m. | rm as a Set ea 
4 00,H MeO +10 OP Gos 
(XIB) trans-Acid B, Anhydride B, (XIIB) cis-Acid B, 
m. p. 178° m. p. 60° m. p. 162° 


These results may be compared with those obtained by the hydro- 
lysis of the dibromo-ester containing the cyclohexane or the cyclo- 
pentane ring. An unsaturated acid is formed in all three cases. 
On hydrolysis with aqueous potash, the cyclohexane compound gives 
mainly the hydroxy-ring acid, whereas the cyclopentane and the 
methylcyclopentane compound each give a keto-acid which is stable 
to 64% potash solution. When methyl-alcoholic potash is used, 
ring-hydroxy-acids are obtained from the cyclohexane compound, 
methoxy-spiro-acids and a cis-ring-hydroxy-acid from the cyclo- 
pentane compound, and methoxy-spiro-acids, but no ring-hydroxy- 
acids, from the methylcyclopentane compound. 

As the dibromo-ester (II), owing to its insolubility, gave only a 
small amount of acid product on hydrolysis with sodium carbonate 
solution, the dibromo-acid.ester was used. The products were 
a-keto-3-methylcyclopentane-1 : 1-diacetic acid (in small amount) 
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and the cis- (XIII) and the trans-lactone (XIV) of ««’-dihydroxy-3- 
methyleyclopentane-1 : 1-diacetic acid. The lactone (XIV) reacted 
- readily with acetyl chloride, forming the acetyl derivative, and hence 
must have the trans-configuration. The formation of the keto-acid 
in the hydrolysis must have involved simultaneous ring formation 
and hydroxylation. The former reaction would lead to the inter- 
mediate formation of a bromo- and a_ hydroxy-ring-acid 
CsHy> CC arood (R = Br or OH), which could not be isolated 
owing to their instability (compare Ingold, J., 1921, 119, 314; 
Rao, J., 1930, 1170; Kandiah, J., 1931, 958). 


CH—CO H 

(XL) >CCOH |  -CH—90 (XIV.) 
og oe 
CO,H O,H 


The above results obtained in the decomposition of the mono- and 
di-bromo-esters of 3-methylcyclopentane-1 ; l-diacetic acid show 
that the methylcyclopentane ring bears the closest similarity to the 
cyclopentane ring and differs fundamentally from the cyclohexane 
nucleus. If the effect of this ring were due to polar factors, it 
should be similar to that of the gem-ethylpropyl group. The effect 
is, however, more in harmony with that of the gem-dimethyl group 
and is due to valency deflexion (Becker and Thorpe, J., 1920, 117, 
1580; Lanfear and Thorpe, J., 1923, 123, 1683). The evidence is 
strengthened by two other types of reaction. 

(1) A series of cyclic diketones (XVI) was obtained by Dickins, 
Kon, and Thorpe (J., 1922, 121, 1496) by condensing methyl 
oxalate with various substituted glutaric esters by the Dieckmann- 
Komppa method. The diketone was obtained in greatest yield 
from glutaric ester itself (RR, = H, H), and its non-formation 
from the cyclohexane analogue was explained on the suppositions 
that the reaction took place through the intermediate formation of 
the compound (XV) and that the angle 6 between the two acetic acid 
residues was diminished by the attachment of the oxalyl group to 
the «-carbon atom: in the case of cyclohexane, the diminution was 
so great that there was actual overlapping of the carbethoxy- and 
the oxalyl group and consequently no reaction. 


CH(CO,Me)-CO-CO,Me CH(CO,Me)-CO 
R $ — 
1 H,*CO,Me 1 H(CO,Me) 
(XV.) (XVI.) 


When methyl 3-methyleyclopentane-| : |-diacetate was condensed 
with methyl oxalate, methyl 3-methylcyclopentanespiro-3’ : 4’-di- 
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ketocyclopentane-2’ : 5'-dicarboxylate (XVI; RR, =C,H;Me) was 
obtained in 45% yield. This diketonic ester was easily converted 


into 3-methylcyclopentanespirocyclopentane-3' : 4'-dione by dilute - 


sulphuric acid. 

(2) By the direct ring-closure of substituted levulic esters to the 
corresponding cyclopentanediones by Vorlander’s method (Annalen, 
1896, 294, 270) Rothstein and Thorpe (J., 1926, 2011) found that 
86-dimethyllevulic ester and its cyclohexane analogue gave 20—25% 
and 48% yields, respectively, of cyclopentanedione. The increased 
yield in the latter case was ascribed to the ease of ring-closure owing 
to the proximity of the terminal acetyl and carbethoxy-groups due 
to the greater deflexion of the tetrahedral angle by the cyclohexane 
ring in comparison with the dimethyl group. 

Ethyl 1-acetyl-3-methyleyclopentane-1-acetate (XVII) was prepared 
by the action of methylzinc iodide on the acid chloride of ethyl 
1-carboxy-3-methylcyclopentane-l-acetate. The crude acid ob- 
tained by hydrolysis of the resulting ester gave two semicarbazones, 
one in too small amount for further investigation. When the ester 
of the acid regenerated from the other semicarbazone was treated 
with dry sodium ethoxide, a 20% yield of 3-methyleyclopentane- 
spirocyclopentane-2’ : 4'-dione (XVIII) was obtained. This gave 
a red colour with ferric chloride solution, and a solid bromide. 


OMe sana A) 50 mnie C(OH):CH 
CH Me>C< rt -CO,Bt — >O<e. Oo. Pra ><a, 0 


(XVII.) (X VIII.) 


EXPERIMENTAL. 

Ethyl Hydrogen 3-Methyleyclopentane-1 : 1-diacetate—Absolute- 
alcoholic solutions of 3-methylcyclopentane-1 : 1-diacetic anhydride 
(180 g. in 125 c.e.) and of sodium (23 g. in 300 c.c.) were gradually 
mixed and then heated for } hour on the water-bath. The alcohol 
was evaporated, and the residue diluted with water and extracted 
with ether before and after acidification. The ester was obtained 
from the second extract as a viscous colourless liquid, which was 
changed to the anhydride by distillation (Found: equiv., 227. 
C1,H.,0, requires equiv., 228). 

Monobromination.—Phosphorus pentachloride (120 g.) was added 
to the acid ester (114 g.) in portions, the mixture heated on the steam- 
bath for 1 hour, and dry bromine (28 c.c.) added slowly at 50—60°. 
After 8 hours, the product was poured into cooled absolute alcohol 
(450 c,c.) and heated on the water-bath for 4 hours. The oil pre- 
cipitated on dilution was extracted, washed with 5°% sodium carbon- 
ate solution, and dried in ether and recovered (yield, 80%); on 
distillation ethyl «-bromo-3-methylcyclopentane-1 : 1-diacetate (I) was 
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obtained as a colourless liquid, b. p. 163°/7 mm. (Found: Br, 23-8. 
C,,H,,0,Br requires Br, 23-9%). 

The lactonic ester (III) was obtained as a colourless viscous syrup, 
b. p. 188°/20 mm. after three distillations (Found: C, 63-5; H, 
8:0. C,,H,,0, requires C, 63-7; H, 7-9%). 

The monobromo-acid ester obtained on acidification of the sodium 
carbonate extract was a dark yellow, viscid oil (Found: Br, 25-8. 
C,,H,,0,Br requires Br, 26-1%). 

Hydrolysis of the Neutral Monobromo-ester (1) with Potassiwm 
Hydroxide Solution at 150°.—The bromo-ester (100 g.) was added as 
rapidly as possible to a boiling solution of the alkali (300 g.) in water 
(170 c.c.), and the mixture heated for 20 minutes. The solution was 
diluted with water, extracted with ether, and acidified with hydro- 
chloric acid. The precipitated acids were removed by three extrac- 
tions with ether, dried, recovered (46 g.), kept in a vacuum for a 
week, and triturated with benzene. The residual solid was removed 
(15 g.); the filtrate deposited a further quantity of spiro-acids (5 g:) 
when mixed with light petroleum (M). The solid was refluxed for 
12 hours with acetyl chloride (50 c.c.), the excess of this removed, 
and the residue dissolved in ether and extracted with dilute sodium 
carbonate solution. Acidification of the alkaline extract gave a solid, 
which was extracted with ether, partly dried, and recovered. It 
melted at 198—205° and on fractional crystallisation from acetone— 
benzene gave a sparingly soluble acid, m. p. 225—227°; the more 
soluble fraction by further treatment gave an acid, m. p. 210—212°. 

trans -3- Methylcyclopentanespirocyclopropane -2' : 3’ - dicarboxylic 
acid A (IV), obtained in small needles, m. p. 230° (Found : C, 60-4; 
H, 7:3; equiv., 99. C,)H,,0, requires C, 60-6; H, 7-1%; equiv., 
99), by recrystallisation of the acid of m. p. 225—-227° from acetone, 
formed a dianilide, which crystallised from alcohol in silky needles, 
m. p. 295° (Found : C, 75-6; H, 7-0. C,,.H,,O,N, requires C, 75-9 ; 
H, 6-9%). The trans-spiro-acid B (V), obtained in plates, m. p. 
215° (Found: C, 60:3; H, 7:2%; equiv., 99), by recrystallisation 
of the acid of m. p. 210—212° from aqueous acetone, formed a 
dianilide, which crystallised from alcohol in needles, m. p. 275° 
(Found: ©, 75-6; H, 71%); mixed m. p. with the isomeride A, 
255—260°. 

The ethereal solution from which the trans-acids had been removed 
gave a gum, which solidified in a vacuum after 2 weeks and was 
completely soluble in petroleum (b. p. 60—80°). The solution 
slowly deposited cis-3-methyleyclopentanespirocyclopropane-2' : 3'- 
dicarboxylic anhydride A (VII) in plates, m. p. 75° (Found : C, 66:5; 
H, 7-0. ©, )H,;0, requires C, 66-7; H, 6-7%). 

The cis-spiro-acid A (V1), obtained from the anhydride, crystallised 
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from water in plates, m. p. 175° (Found : C, 60:3; H, 7-2%; equiv., 
99). The anilic acid, precipitated from benzene solution, crystallised 
from alcohol in needles, m. p. 190° (Found: C, 70-1; H, 7-2. 
C,gH,,0,N requires C, 70-3; H, 7-0%). 

The benzene—petroleum mother-liquor (M; p. 1071) was evapor- 
ated; the residual gum, esterified with ethyl] alcohol, gave two 
fractions on distillation, (1) 170—171°/12 mm. (10 g.), (2) 178— 
180°/12 mm. (20 g.). The first fraction on hydrolysis with concen- 
trated hydrochloric acid yielded an oily mixture of spiro-acids 
(4 g.), which solidified after some weeks ; m. p. 180—190°. Fraction 
(2) was hydrolysed by hydrochloric acid to a mixture of lactonic 
acids which set to a gum after 6 months; trituration with benzene- 
petroleum gave a solid crystalline lactonic acid A (1 g.), m. p. 87° 
(see below). 

Stereoisomeric Lactones of «-Hydroxy-3-methylcyclopentane-| : 1- 
diacetic Acid.—Lactonic acid A (VIIIA). The monobromo-ester 
(I) (25 g.) was heated with a solution of sodium carbonate (50 g.) in 
water (150 c.c.) for 72 hours: much remained unchanged. The 
solution was diluted with water, extracted with ether, and acidified. 
The oil precipitated was extracted and dried in ether, recovered, and 
esterified with ethyl alcohol. Small low- and high-boiling fractions 
being rejected, a fraction, b. p. 178—180°/12 mm., was obtained 
(8 g.) which on hydrolysis with concentrated hydrochloric acid gave 
an acid; this, after being kept in a vacuum for months and then 
triturated with benzene—petroleum, gave the lactonic acid A as a 
crystalline solid, m. p. 87° (Found: C, 60-5; H, 7-2; equiv., 200. 
C4 9H ,,0, requires C, 60-6; H, 7-1%; equiv., 198). The aniline salt, 
which separated from a mixture of the lactonic acid and aniline in 
benzene, crystallised in needles, m. p. 95° (Found: C, 65-8; H, 7:3. 
Cy H,,0,,C,H,-NH, requires C, 66:0; H, 7:2%). 

Lactonic acid B (VIIIB). The monobromo-acid ester (15 g.) was 
similarly treated (sodium carbonate, 10 g.; water, 100c.c.; heating, 
12 hours). The main ester fraction, b. p. 175—177°/15 mm., on 
hydrolysis, gave the lactonic acid B, which was ultimately obtained 
in plates (0-5 g.), m. p. 75°; mixed m. p. with its stereoisomeride, 
60—63° (Found : C, 60-4; H, 73%; equiv., 199). 

Dibromination of 3-Methyleyclopentane-1 : 1-diacetic Acid.—A 
mixture of phosphorus pentachloride (425 g.) and the acid (200 g.) 
was heated on the steam-bath for 3—4 hours, dry bromine (100 c.c.) 
then added during 24 hours, and after 72 hours the whole was poured 
into cooled absolute ethyl alcohol (750 c.c.) and refluxed for 4 hours. 
The oil precipitated on dilution was extracted with ether, washed 
with 5% sodium carbonate solution, dried, and recovered (yield, 
80—85%). Ethyl ««'-dibromo-3-methylcyclopentane-1 : 1-diacetate 
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(II) was obtained as a reddish-yellow viscid liquid (Found: Br, 
37-2. C,,H,,0O,Br, requires Br, 38-6%). From the alkaline wash- 
ings, after acidification, a viscous mass was obtained, treatment of 
which with benzene—petroleum gave 5 g. of a solid : recrystallisation 
from benzene yielded plates, m. p. 128°, of ethyl hydrogen aa’ -di- 
bromo-3-methyleyclopentane-1 : 1-diacetate (Found : Br, 41-3; equiv., 
384. C,,H,,0,Br, requires Br, 41-5% ; equiv., 386). The benzene— 
petroleum mother-liquor contained the monobromo-acid ester 
(Found : Br, 25:7. Cale.: Br, 26-1%). 

The lactone of ethyl hydrogen «-bromo-«'-hydroxy-3-methyleyclo- 
pentane-1 : 1-diacetate (IX), obtained as a viscous oil when the 
neutral dibromo-ester (II) was distilled slowly at 15 mm., had b. p. 
195—196°/15 mm. after redistillation (Found : Br, 26-7. C,,H,,0,Br 
requires Br, 26-2%). 

ax’ -Dibromo-3-methyleyclopentane-1 : 1-diacetic Acids.—The di- 
bromo-acid chloride was poured into anhydrous formic acid, and the 
mixture warmed on the steam-bath for 2 hours. The solid that 
separated on spontaneous evaporation was crystallised from chloro- 
form. The less soluble acid crystallised from chloroform—petroleum 
in plates, m. p. 195° (decomp.) (Found: Br, 44:5; equiv., 177. 
C,),H,,0,Br, requires Br, 44-7%; equiv., 179). The more soluble 
acid crystallised from benzene in cubes, m. p. 163° (Found: Br, 
44-2%; equiv., 178). 

Hydrolysis of the Dibromo-ester (11) with 64°, Potassium Hydroxide 
Solution.—The dibromo-ester (100 g.) was added as rapidly as possible 
to a boiling solution of potassium hydroxide (300 g.) in water (170 
c.c.); after 15—20 minutes’ heating, a potassium salt separated. 
The diluted solution was acidified and the precipitated acids were 
thrice extracted with ether, dried, and recovered (42 g.) as a gum, 
which was esterified with ethyl-alecoholic sulphuric acid. On 
distillation, three fractions were collected : (1) 105—110°/15 mm. 
(4 g.); (2) 170—172°/15 mm. (25 g.); (3) 180—183°/15 mm. (20 g.). 

Fraction (1) was hydrolysed with 10% aqueous methyl-alcoholic 
potash, and the resulting oily acid distilled; crystallisation from 
petroleum (b. p. 40—60°) then gave 3-methylcyclopentylideneacetic 
acid in prismatic needles, m. p. 112°. 

Fraction (2) was hydrolysed with concentrated hydrochloric acid 
and the resulting gum was left in a vacuum for 3 months and then 
triturated with benzene; the solid obtained (12 g.), on recrystallis- 
ation from benzene, gave «-keto-3-methyleyclopentane-1| : 1-diacetic 
acid in short needles, m. p. 121°, soluble in all solvents except 

petroleum (Found: C,56-0; H, 6-5; equiv., 107. CygH,,0, requires 
C, 56-1; H, 65%; equiv., 107). 

Fraction (3) was hydrolysed with concentrated hydrochloric acid 
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and the oily acids formed were kept in a vacuum desiccator for 6—8 
months; a small amount of the trans-lactone of ««’-dihydroxy-3- 
methyleyclopentane-1 : l-diacetic acid (XIV), m. p. 146°, was 
obtained on trituration with benzene. 

The keto-acid formed a quinoxaline derivative (with o-phenylene- 
diamine in hot glacial acetic acid), which crystallised from dilute 
aleohol (charcoal) in short colourless needles, m, p., 226—227° 
(Found : C, 66-9; H, 6-5. C,gH,,0,N, requires C, 67-1; H, 6-3%), 
a 2:4-dinitrophenylhydrazone (in hot alcohol), which crystallised 
in sulphur-yellow needles, m. p. 185° (decomp.) (Found: C, 48-5; 
H, 4:7.. C,gH,,O,N, requires C, 48-7; H, 6-7%), and a methyl ester 
(with boiling methyl-alcoholic sulphuric acid), b. p. 169°/19 mm, 
(Found: CO, 59-2; H, 7-6. ©,,.H,,0,; requires C, 59-5; H, 7-4%), 
the phenylhydrazone of which crystallised from benzene in plates, 
m. p. 163° (Found : C, 64:8; H, 7-5. C,gH,,O,N, requires OC, 65-0; 
H,7-2%). Oxidation of the keto-acid in warm 10% sodium carbonate 
solution with hydrogen peroxide and acidification of the cooled solu- 
tion gave 1-carboxy-3-methylcyclopentane-1l-acetic acid, m. p. 120°. 

Synthesis of 1-Carboxy-3-methyleyclopentane-l-acetic Acid.—3.- 
Methyleyclopentanone (20 g.) was added with constant stirring to a 
cooled solution of sodium bisulphite (34 g.) in water (28 ¢.c.), and 
after 2 hours potassium cyanide (18 g. in 25 c.c. of water) was 
introduced. After 12 hours, the oil was taken up in ether, washed 
with saturated sodium chloride solution, dried, and distilled, 
3-methyleyclopentanonecyanohydrin passing over as a colourless 
liquid, b. p. 128—130°/25 mm. (slight decomp.) (Found: C, 67-0; 
H, 9-0. C,H,,ON requires C, 67-2; H, 8-8%). 

The cyanohydrin was gradually added to a cooled solution of ethyl 
sodiocyanoacetate (5 g. of sodium, 28 g. of ethyl cyanoacetate, and 
75 c.c. of absolute ethyl alcohol) and kept at 0° for 24 hours. The 
dicyano-ester precipitated on dilution and acidification was extracted 
and dried in ether and distilled; b. p. 180°/11 mm. When hydro- 
lysed with 50% hydrochloric acid, it gave 1-carboxy-3-methyleyelo- 
pentane-l-acetic acid, m. p. 120° (erroneously printed as 125° in J., 
1931, 1224). 

Synthesis of 3-Methylcyclopentylideneacetic Acid.—The reaction 
started by heating a mixture of zine (70 g.), methylcyclopentanone 
(98 g.), and ethyl bromoacetate (110 c.c.) in dry benzene (400 c.c.) for 
4 hour was allowed to proceed, and was completed by a further 
$ hour’s heating. The zinc compound was decomposed with ice- 
cold dilute sulphuric acid, and the benzene layer dried and distilled. 
Ethyl 3-methylcyclopentan-1l-ol-l-acetate boiled at 121°/20 mm. 
(yield, 25—30%) (Found : C, 64-2; H, 9-9. Calc. for C,,H,,0,: 
C, 64:5; H, 9°7%). 























ALKYLCycloPENTANONES. PART IL. 1076 


A considerable quantity of the ketone was recovered and could be 
used again, but 20—25% of it underwent self-condensation, giving 
4-methy]-2-(3’-methyleyclopentylidene)cyclopentanone, which boiled 
at 132—133°/12 mm. and had d2” 0-9552, n®” 1-4964,. whence 
[Rr]p 54:46 (calc., 52:76) (Found: ©, 80-7; H, 10:3. Calc. for 
C,,.H,,0: C, 80-9; H, 10-1%). Its semicarbazone crystallised from 
dilute alcohol in needles, m. p. 142—143° (Found: C, 66-1; H, 9-1. 
C,,;H,,ON, requires C, 66-4; H, 89%). The substance (5 g.) was 
oxidised with cold 5% potassium permanganate solution (180 c.c.), 
the excess of permanganate destroyed, and the mixture steam- 
distilled. 3-Methylceyclopentanone was identified (as its semicarb- 
azone) in the distillate, and from the residue ether extracted 
6-methylglutaric acid, which was identified by comparison with a 
genuine specimen (Day and Thorpe, J., 1920, 117, 1469). 

3-Methyleyclopentan-1-ol-1-acetic acid, obtained from the ester by 
hydrolysis with 10°% methyl-alcoholic potassium hydroxide at the 
ordinary temperature, and subsequent acidification, partly solidified 
in a vacuum after 3 days; trituration with benzene—petroleum 
(b. p. 40—60°) gave a solid which crystallised in plates, m. p. 56° 
(Found: C, 60-6; H, 9-0. C,H,,0, requires C, 60-8; H, 8-8%). 

A solution of the hydroxy-acid (25 g.) in acetic anhydride (76 c.c.) 
was heated for 4 hours, the excess of anhydride distilled off, and the 
residue decomposed with water. On steam-distillation, an oil came 
over which solidified. The solid was fractionally crystallised from 
light petroleum (b. p. 60—80°), two acids, m. p. 112° and 81° (small 
amount) being obtained. The former was 3-methylcyclopentylidene- 
acetic acid, identified with the unsaturated acid, formed during the 
hydrolysis of the dibromo-ester (II) with concentrated potassium 
hydroxide solution, by m. p. and mixed m. p. (Found: O,.68-5; 
H, 8-8; equiv., 139. C,H,,0, requires C, 68-6; H, 8-6% ; equiv., 140), 

Hydrolysis of the Dibromo-ester (Il) with Methyl-alcoholic Potash.— 
The dibromo-ester (100 g.) was added as rapidly as possible to a boil- 
ing solution of potassium hydroxide (200 g.) in methyl alcohol (600 
c.c.), heating continued for 20 minutes, the alcohol removed, and 
the residue dissolved in water, extracted with ether, and strongly 
acidified with concentrated hydrochloric acid, The precipitated 
acids were dried in ether, recovered (47 g.), and heated for 12 hours 
with acetyl chloride (150 c.c.); the excess of this was then removed, 
the residue dissolved in ether, and the unchanged acids extracted 
with 5% sodium bicarbonate solution. The ethereal solution on 
evaporation left the anhydrides (30 g.) (this is termed the neutral 
extract). The alkaline solution on acidification gave oily acids, 
which were dried in ether, recovered, and kept in a vacuum for 2 
weeks (15 g.). Trituration with benzene gave a solid (7 g:); the oil 
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left after the removal of the solvent was esterified with ethyl alcohol 
and sulphuric acid. The esters were fractionally distilled : (1) b. p. 
164—166°/15 mm. (7 g.); (2) 185—187°/15 mm. (3 g.). 

The solid (7 g.) was boiled with benzene, and the insoluble portion 
fractionally crystallised from acetone-benzene. The sparingly 
soluble acid, m. p. 185—187°, was recrystallised from aqueous 
acetone, and _ trans-3-methyleyclopentanespiro-2'-methoxycyclopro- 
pane-2’ : 3'-dicarboxylic acid A (X1A) obtained in plates, m. p. 190° 
(Found : C, 57-7; H, 7-2; equiv., 114. C,,H,,0; requires C, 57-9; 
H, 7-°0%; equiv., 114). The more soluble acid, m. p. 165—170°, 
was recrystallised four times from acetone—benzene, the sparingly 
soluble acid being rejected, and finally from dilute aqueous acetone, 
the trans-methoxy-spiro-acid B (X1B) being obtained in thick plates 
(small amount), m. p. 178° (Found : C, 57-8; H,7-1%; equiv., 114). 

When hydrolysed with concentrated hydrochloric acid, the ester 
fraction (1) gave a mixture of the trans-methoxy-spiro-acids A and B 
(4 g.), and fraction (2) yielded a gum which partly solidified after 
6 months. The solid (0-5 g.) was obtained by trituration with 
benzene—petroleum (b. p. 40—60°) and recrystallised from the same 
mixture, the lactone of «-hydroxy-«'-methoxy-3-methylcyclopentane- 
1 : 1-diacetic acid being obtained in thick plates, m. p. 150° (previous 
sintering) (Found: C, 57-6; H, 7:2; equiv., 228. C,,H,,0; 
requires C, 57-9; H, 7-0%; equiv., 228). 

The neutral extract (p. 1075) was dissolved in petroleum (b. p. 
60—80°). The crystals deposited after some time were recrystallised 
thrice from the same solvent, giving silky needles, m. p. 87°, of 
cis-3-methyleyclopentane-spiro-2'-methoxycyclopropane-2’ : 3’ - dicarb- 
oxylic anhydride A (Found: C, 62-6; H, 6-9. C,,H,,0, requires 
C, 62-8; H, 6-7%). The cis-methoxy-spiro-acid A (XIIA) obtained 
from the anhydride crystallised from water in needles, m. p. 175° 
(Found : C, 57-8; H, 7-3%; equiv., 114). The petroleum mother- 
liquor after concentration deposited thick plates, and recrystallisation 
from petroleum (b. p. 40—60°) gave cis-anhydride B, m. p. 60° 
(Found : C, 62°5; H, 7-0%). The cis-methoxy-spiro-acid B (XIIB) 
crystallised from water in plates, m. p. 162° (Found: C, 57-6; 
H, 73%; equiv., 114). 

The residue of oily anhydride from which the anhydrides of the 
methoxy-spiro-acids A and B were removed was decomposed with 
dilute potash solution, and the resulting acids were treated with 
benzene : the insoluble portion gave a mixture of the cis-acids A and 
B; the soluble portion, thrice recrystallised from benzene—petroleum 
(b. p. 60—80°), gave «-hydroxy-«'-methoxy-3-methylcyclopentane-1 : 1- 
diacetic acid in small needles, m. p. 145° (Found: C, 53°5; H, 7-5; 
equiv., 122. ©,,H,,0, requires C, 53-7; H, 7-3%; equiv., 123). 
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Action of Fuming Hydrobromic Acid on the cis-Methoxy-spiro-acid 
A.—The acid (5 g.) was heated under reflux for 6 hours with fuming 
hydrobromic acid (50 c.c.); the solution was then cooled, diluted 
with water, saturated with ammonium sulphate, and extracted four 
times with ether. The residual gum was esterified with ethyl 
alcohol and two fractions of ester were collected, (1) 140—142°/15 
mm. (1 g.) and (2) 170—172°/15 mm., and hydrolysed. The first 
fraction gave 1-carboxy-3-methylcyclopentane-1l-acetic acid, m. p. 
and mixed m. p. 120°; The second fraction furnished «-keto-3- 
methyleyclopentane-1 : 1-diacetic acid, m. p. 121°. 

cis- and trans-Lactones of ««'-Dihydroxy-3-methylcyclopentane- 
1: 1-diacetic Acid (XIII and XIV).—A solution of ethyl hydrogen 
a«’-dibromo-3-methyleyclopentane-1 : 1-diacetate (10 g.) in saturated 
aqueous sodium carbonate (100 c.c.) was heated for 12 hours, the 
acidified solution extracted four times with ether, the gum esterified, 
and the esters distilled. Fraction (1), b. p. 170—175°/15 mm; (small 
amount) gave the keto-acid (XVIII) on acid hydrolysis. Fraction 
(2), b. p. 187—190°/15 mm. (5 g.), was hydrolysed with concentrated 
hydrochloric acid, and the resulting acid left in a vacuum for 
6 months; the solid (0-5 g.) then obtained by trituration with 
benzene was recrystallised, giving the trans-lactone of ««'-dihydroxy- 
3-methyleyclopentane-1 : 1-diacetic acid in small plates, m. p. 146° 
(Found: C, 55-8; H, 6-7; equiv., 215. C,9H,,0; requires C, 56:1; 
H, 65%; equiv., 214). The acetyl derivative, crystallised from 
benzene, had m. p. 151° (Found: C, 56-0; H, 6-5. .Ci.H,.0, 
requires C, 56-3; H, 6-3%). 

The benzene mother-liquor was evaporated to dryness, and the 
residual syrup kept in a vacuum for 2 weeks and then dissolved in 
benzene-light petroleum (b. p. 40—60°). The. cis-lactone (XIII), 
which slowly separated, crystallised from the same solvent in tiny 
leaflets, m. p. 125° (Found : C, 55-9; H, 68%; equiv., 214); mixed 
m. p. with the trans-isomeride, 112—115°. 

Condensation of Methyl 3-Methylcyclopentane-1 : 1-diacetate with 
Methyl Oxalate.—To an ethereal suspension (350 c.c.) of the sodio- 
derivative of methyl oxalate (76 g. of methyl oxalate, 29 g. of sodium, 
40-3 g. of methyl alcohol), methyl 3-methylcyclopentane-1 : 1-diacetate 
(b. p. 137°/15 mm. Found: C, 63-0; H, 8-9. C,H. 90, requires 
C, 63-2; H, 88%) (23 g.) was cautiously added with cooling and 
shaking till the mass became nearly homogeneous. Ether was 
removed after 12 hours, and the residue heated at 110—120° for 
2—3 hours, most of the alcohol distilling off, and at 140° for 8 hours. 
The dried mass was ground and added to ice-cold dilute sulphuric 
acid. The precipitated solid (25 g.) was a mixture of (XVI; RR, = 
C©,H,Me) and the diacetic acid, from which the former and a small 





Ree SE ib TAR TT TELE OR 


RS eacias, 


1078 THE CHEMISTRY OF ALKYLCYClOPENTANONES. PART II. 


quantity of the latter were extracted by light petroleum (b. p. 
60—80°). After two crystallisations from petroleum, methyl 
3-methyleyclopentanespiro - 3’ : 4’ -diketocyclopentane - 2’ : 5’ - dicarb- 
oxylate was obtained in needles, m. p. 125°. It gave a red coloration 
with ferric chloride and was soluble in sodium bicarbonate solution 
(Found : C, 59-3; H, 6-7. C,,H,,0, requires C, 59-6; H, 64%). 
Its semicarbazone crystallised from alcohol in needles, m. p. 182° 
(decomp.) (Found: C, 52:8; H, 6-2. C,,;H,,0,N, requires C, 53-1; 
H, 6-2%). 

When the above spiro-compound was heated with an excess of 20%, 
sulphuric acid for 3 hours, 3-methyleyclopentanespirocyclopentane- 
3’ : 4’-dione was obtained. This crystallised from petroleum in flat 
needles, m. p. 108°, and gave a red coloration with ferric chloride 
(Found: C, 72:1; H, 8-5. OC, 9H,,0, requires C, 72-3; H, 8-4%). 
The disemicarbazone was a microcrystalline solid; m. p. 245° (de- 
comp.) (Found: C, 51-2; H, 7-1. C,H 0,N, requires C, 51-4; 
H, 7-1%). 

Ethyl 1-Acetyl-3-methyleyclopentane-1-acetate (XVII).—The an- 
hydride of 1-carboxy-3-methylcyclopentane-1-acetic acid (56 g.) was 
decomposed by a solution of sodium ethoxide (8 g. of sodium in 
100 c.c. of absolute alcohol), and the resulting acid ester heated with 
thionyl chloride (35 c.c.). The crude chloride, diluted with benzene 
(50 c.c.), was slowly added to a cold solution of methylzinc iodide in 
toluene. The resulting keto-ester (35 g.), b. p. 142—145°/19 mm., 
which was not pure, was hydrolysed with 50°, aqueous-alcoholic 
potash, and the keto-acid converted into its semicarbazone, which 
crystallised from alcohol in needles, m. p. 200° (decomp.) (Found : 
0, 57:8; H, 8-0. C,,H,,0,N, requires C, 54:8; H, 7-99). Another 
semicarbazone, m. p. 177° (decomp.), was obtained in a small 
amount (Found : C, 57-6; H, 8-0%). 

1-Acetyl-3-methyleyclopentane-1-acetic acid, regenerated from the 
semicarbazone (m. p. 200°), crystallised from petroleum (b. p. 40— 
60°) in thick plates (10 g.), m. p.:83° (Found: C, 65-0; H, 9-0; 
equiv., 183:5. C, H,,0, requires C, 65-2; H, 8°7%; equiv., 184). 
It was oxidised to «-keto-3-methylcyclopentane-1 : 1-diacetic acid 
by dilute alkaline potassium permanganate solution. The ethyl 
ester boiled at 135°/11 mm., had di* 1-008 and ni§" 1-45723, whence 
[Rz]p 57-27 (calc., 57-08) (Found: C, 67-6; H, 9-5. Cy gH4993 
requires C, 67-9; H, 9-4%), and formed a semicarbazone, which 
crystallised from dilute alcohol in needles, m. p. 105° (Found: C, 
57-7; H, 8-6. C,3;H,,0,N, requires C, 58-0; H, 8-5%). 

3-Methylcyclopentanespirocyclopentane -2':4°-dione (XVIII).— 
The ketonic ester (XVII) (8 zg.) was warmed with dry sodium éethoxide 
in ether for 12 hours, and the mixture diluted with water and extracted 
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with 5% sodium bicarbonate solution. The oil obtained by acidific- 
ation of the alkaline extract was isolated and extracted with petrol- 


eum (b. p. 40—60°). The insoluble portion set to a gum in a vacuum 


after 6—8 months and gave, on trituration with dry ether—light 
petroleum, the spiro-compound (XVIII), which crystallised from 
benzene-light petroleum in needles (20%), m. p. 101° (Found: C, 
72-0; H, 85. Cy 9H,,0, requires C, 72:3; H, 8-4%). The bromo- 
compound, prepared in chloroform solution, crystallised from 
benzene in clusters of plates, m. p. 185° (Found: Br, 32:2. 
C,)H,,0,Br requires Br, 32-7%). 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonvon, S.W. 7. [Received, November 5th, 1931.] 





137. Dihydroresorcinols. Part I. The ae 
of Substituted Dihydroresorcinols, 


By RancuHopst DasreHar Desai. 


MerHyLation of 5: 5-dimethyldihydroresorcinol in presence of 
sodium ethoxide gives mainly 1 : 1 : 4-trimethylcyclohexane-3 : 5-dione 
(L) together with the 1 : 1: 4: 4-tetramethyl compound and 5-methoxy- 
1 ; 1-dimethyl-A*-cyclohexen-3-one (II), but ethylation produces the 
O-ether (type Il) and a small amount of the C-ethyl derivative 


(type I). 


(I.) Me, i <O>CHMe Me, CH Oe CH (It.) 

As dimethyldihydroresorcinol is known to react as either a diketone 
or a keto-enoi (Crossley and Le Sueur, J., 1903, 83, 110, etc.), the 
formation of compounds of types (I) and (II) can be readily under- 
stood, but the marked disparity between the behaviour of methyl 
and ethyl iodides seems inexplicable. A similar observation was 
made by Moore and Thorpe (J., 1908, 93, 167), who found that 
a-cyano-$-hydrindone was methylated on the C-atom but ethylated 
on the O-atom, and explained the result by assuming “steric 
inhibition.” A steric effect in dimethyldihydroresorcinol is possible 
only if this is a derivative of the boat-shaped strainless form of cyclo- 
hexane, but the supposition seemed unwarrantable when it was 
found that certain groups, such as benzyl and allyl, were easily 
linked to the carbon atom. and others (propyl, isopropyl, butyl) 
attached themselves to oxygen. The explanation was looked for in 
another direction, and though it was difficult to determine quanti- 
tatively the proportions of C-alkyl and O-alkyl derivatives, the 
qualitative data recorded below suggested that alkyl iodides possess. 
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ing the greater degree of electrolytic dissociability facilitated the 
formation of C-alkyl derivatives, and vice versa. The following 
table shows the relation between the alky] iodides and the nature of 
the products formed by their action on dimethyldihydroresorcinol 
and phenyldihydroresorcinol in presence of sodium ethoxide (com- 
pare Hecht, Conrad, and Briickner, Z. physikal. Chem., 1889, 4, 
273; Menschutkin, ibid., 1890, 5, 589; Wislicenus, Annalen, 1882, 
212, 239; Preston and Jones, J., 1912, 101, 1930; Segaller, J., 
1913, 103, 1154). 


Alkyl iodide. Nature of products. 
Methyl Mainly C-methyl and C-dimethyl 
Benzyl »,  O-benzyl and C-dibenzy! 
Allyl ‘“ C-allyl and C-diallyl 
Ethyl »,  O-ethyl; C-ethyl in small amount 
Propyl »»  O-propyl; C-propyl in small amount 
isoPropyl »,  O-vopropyl; C-isopropyl in small amount 
Butyl os O-butyl; C-butyl in small amount 


Moreover, the fact that benzyl and allyl iodides gave greater 
amounts of C-dibenzyl and C-diallyl derivatives than methyl iodide 
showed that the order of reactivity was benzyl>allyl>methyl> 
ethyl>propyl, etc. Thus it was the polar and not the steric factor 
that governed the course of alkylation. 

With the view of determining whether the substituents in the 
dihydroresorcinol molecule had any effect on the amount of C-methyl 
derivatives formed, the methylation of methylethyldihydroresorcinol, 
cyclopentanespirocyclohexane-3 : 5-dione, and cyclohexanespirocyclo- 
hexane-3 : 5-dione was studied, but the results were identical with 
those of the dimethyl and pheny] series. 

The constitution of the C-methyl derivatives (1) was proved by 
their rational synthesis by ring closure of the keto-esters (III; R’ = 
Et), which were prepared by the action of ethylzinc iodide on the 
chlorides of the acid esters of the appropriate glutaric acid. The 
dihydroresorcinol ring of the C-dialkylated products was easily 
opened by dilute alkali with the formation of y-isobutyryl-88-dialkyl- 
butyric acids (II1; R’ = Pr®), which were identified by synthesis. 


CH,°COR’ be noe: CH:CR’ 
(III.) p 2 >O<GHY -CO,H > R>C<GHC O (IV.) 


The keto-acids (type ILI) are stable substances which are changed 
into unsaturated lactones (IV) by the action of acetyl chloride 
(compare Bredt, Annalen, 1898, 299, 179; Qudrat-i-Khuda, J., 
1929, 201,.718, etc.), but the keto-acid (III; R’ = Et) of the cyclo- 
hexane series gives a considerable amount of the unsaturated lactone 
on distillation. In fact, the lactone is the sole product if the oper- 
ation is slowly carried out, showing that in this monobasic keto-acid 
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the ethyl group is more effective than even isopropyl in promoting 
the keto-lactol change. 


EXPERIMENTAL. 


Dimethyldihydroresorcinol was prepared by the: method of 
Vorlander (Annalen, 1897, 294, 253) as modified by Norris and 
Thorpe (J., 1921, 119, 1205). 

Methylation.—Methy] iodide (15 c.c:) was slowly added to a cooled 
solution of dimethyldihydroresorcinol (28 g.) in alcoholic sodium 
ethoxide (4-6 g. of sodium in 60 c.c. of absolute alcohol), and the 
mixture warmed on the steam-bath for 3 hours. The alcohol was 
removed, the residue dissolved in ether, and the solution extracted 
with 10° aqueous sodium carbonate. The solid obtained from the 
alkaline extract by acidification crystallised from dilute alcohol in 
prismatic needles, m. p. 163°, of 1 : 1 : 4-trimethyleyclohexane-3.; 5- 
dione (1) (yield, 50%) (Found: C, 70-0; H, 9-2. C,H,,O, requires 
C, 70:1; H, 91%), which gave a red colour with alcoholic ferric 
chloride, and gradually decomposed to a viscous liquid. 

The ethereal solution on evaporation left a viscous liquid, much 
of which dissolved in petroleum (b. p. 60—80°). This solution on 
cooling gave 1:1: 4: 4-tetramethylcyclohexane-3 : 5-dione (25%) in 
flattened needles, m. p. 95° (Found: C, 71:2; H, 9-5. Cy9H,,0, 
requires C, 71-4; H, 9-5%), stable in the air. The petroleum 
mother-liquor contained the O-methy] ether (II), b. p. 135°/17 mm. 
(Found: C, 69-9; H, 9-1. Calc. for C,H,,0,:: C, 70-1; H, 9-1%) 
(compare Vorlander and Kohlmann, Annalen, 1902, 322, 239). 

Oxidation of the Dione (1).—A solution of the dione (2-5 g.) in 
10% aqueous sodium hydroxide (15 c.c.) at 0° was treated with 
ice-cold sodium hypobromite (8 g. of bromine in 175 c.c. of 10% 
sodium hydroxide solution) in portions, and kept for 1 hour. From 
the acidified solution, ether extracted ($-dimethylglutaric acid, 
m. p. 101°, identified by direct comparison. 

Synthesis of y-Propionyl-88-dimethylbutyric Acid (II1; R’ = Et). 
—The acid chloride (b. p. 133°/35 mm.) of ethyl hydrogen #8-di- 
methylglutarate (36 g.), diluted with an equal volume of benzene, 
was gradually added to an ice-cold solution of ethylzine iodide 
(prepared by heating over-night a mixture of zinc-copper couple, 
40 g., ethyl iodide, 30 c.c., ethyl acetate, 10 c.c., and toluene, 22 ¢.c.). 
The product was worked up after 2 hours and the crude keto-ester 
(32 g.), b. p. 1283—125°/25 mm., was hydrolysed with 50% aqueous- 
alcoholic caustic potash. The keto-acid obtained was converted 
into the semicarbazone, which crystallised from dilute ethyl alcoho! 
in clusters of needles, m. p. 138° (Found: C, 52:3; H, 82. 
U,9H,,0,N, requires C, 52-4; H, 8-3%), and regenerated therefrom ; 

NN 
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it then had b. p. 177°/35 mm., di" 1-020, nj 1-4492, whence [RJ 
45-24 (calc., 45-31) (Found :, C, 62-8; H, 9-5. C,H,,O0, requires C, 
62-8; H, 9:3%). 

The ethyl ester, prepared with alcoholic hydrogen chloride, boiled 
at 135°/30 mm., had di" 0-9519, ni§" 1-4352, whence [2] 54-80 (calec., 
54-66) (Found: C, 65-8; H, 10-1. C,H 90, requires C, 66-0; H, 
100%), and gave a semicarbazone, which crystallised from dilute 
alcohol in lustrous scales, m. p. 88° (Found: C, 55:8; H, 9-0. 
Ci,H.,0,N, requires C, 56-0; H, 8-9%). 

The ester (4 g.), dissolved in a solution of sodium (0-5 g.) in 
absolute alcohol (10 c.c.), was heated on the steam-bath for 6 hours, 
the alcohol removed, and the aqueous solution acidified. The 
precipitate, crystallised from dilute alcohol, had m. p. 163° and was 
identical with the above trimethyl compound (I). 

y-isoButyryl-66-dimethylbutyric Acid (III; R’ = Pr®).—A solution 
of tetramethyldihydroresorcinol (5 g.) in 10% aqueous-alcoholic 
caustic soda was heated on the water-bath for 12 hours, the alcohol 
removed, and the diluted solution extracted with ether to remove 
neutral impurities. The acid precipitated on acidification with 
hydrochloric acid was extracted with ether, dried, and recovered ; 
it boiled at 160°/15 mm. and had d? 0-9995, nf’ 1-44773, whence 
[Rr}jp 49°83 (cale., 49-93) (Found: C, 643; H, 9-8. C,)H,,0, 
requires C, 64-5; H, 9-7%). The semicarbazone crystallised from 
alcohol in stout needles, m. p. 155° (decomp.) (Found: C, 54-0; H, 
8-5. C,,H,,0,N, requires C, 54-3; H, 8-6%). The ethyl ester, b. p. 
124°/15 mm., d2’ 0-9387, n= 1-4327, whence [R;]p 59-19 (calc., 59-28) 
(Found: C, 67:2; H, 10-5. C,H 2.0, requires C, 67:3; H, 10-3%), 
formed a semicarbazone, which crystallised in silky needles, m. p. 98° 
(Found : C, 57-5; H, 9-2. C,3H,,0,N, requires C, 57-6; H, 9-2%). 

The keto-acid (m. p. and mixed m. p. of the semicarbazone, 155°) 
was also prepared by the action of isopropylzinc iodide on the acid 
chloride of ethyl hydrogen $8-dimethylglutarate. 

Action of Acetyl Chloride on y-Propionyl- and y-isoButyryl-pp-di- 
methylbutyric Acids.—The acids (5 g.) were gently refluxed for 4 
hours with acetyl chloride (15 c.c.), the excess of this removed, and 
the residue dissolved in ether, washed with a dilute solution of 
sodium carbonate, dried, and recovered. 

8-Hydroxy-8-dimethyl-Ay-heptenolactone (IV; BR’ = Et), b. p. 99°/ 
20 mm., had a characteristic odour (Found: C, 70-0; H, 9-3. 
CyH,,0, requires C, 70-1; H, 91%). 8-Hydroxy-68-dimethyl-Ay- 
isooctenolactone boiled at 105° /20 mm. and had d}!" 0-9912, ni?" 1-45473, 
whence [ R;]p 47-70 (calc., 47-37) (Found : C,71-4; H, 9-6. C, 9H,,0, 
requires C, 71-4; H, 9-5%). 

Ethylation of Dimethyldihydroresorcinol.—The details are exactly 
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similar to those of methylation. The acid product (20%) was 
crystallised repeatedly from alcohol, and 1 : 1-dimethyl-4-ethyleyclo- 
hexane-3 : 5-dione obtained in long flattened needles, m. p. 153°, 
which decomposed in the air (Found: C, 71-2; H, 9-6. C, 9H,,0, 
requires C, 71-4; H, 9-5%). 

The O-ethyl ether crystallised from petroleum in plates, m. p. 60° 
(compare Crossley, J., 1899, 75, 771) (Found: C, 71-3; H, 9-6. 
Cale. for Cy9H,,0,: C, 71-4; H, 9-5%). 

y-n-Butyryl-B8-dimethylbutyric Acid (III1; R’ = Pr*).—The ethyl 
ester prepared by the action of butylzinc iodide on the chloride of 
ethyl hydrogen $$-dimethylbutyrate was hydrolysed with 50%, 
alcoholic caustic potash, and the crude acid was purified through 
the semicarbazone, which crystallised from ethyl alcohol in stout 
needles, m. p. 137° (Found : C, 54:2; H, 8-6. C,,H,,0,N, requires 
C, 54:3; H, 86%). The acid regenerated from the semicarbazone 
boiled at 176°/23 mm. and had d?’ 0-9951, n= 1-4491, whence [R;]p 
50-14 (cale., 50-05) (Found : C, 64:6; H, 9-9. OC, H,,0, requires C, 
64:5; H, 9-7%). The ethyi ester boiled at 139°/22 mm. and had 
d 0-9445, ni" 1-43297, whence [R,;]p 58-9 (cale., 59-3) (Found: C, 
67-2; H, 10-4. C,,H,.0, requires C, 67-3; H, 10-3%); the semi- 
carbazone crystallised from alcohol in laminz, m. p. 68° (Found : C, 
57-7; H, 9-4. C,,H,,0,N, requires C, 57-6; H, 92%). When the 
ethyl] ester was heated with alcoholic sodium ethoxide, 1 : 1-dimethy]l- 
4-ethylcyclohexane-3 : 5-dione, m. p. 153°, was obtained. 

Action of Benzyl Iodide on Dimethyldihydroresorcinol._—The acid 
product (36%) was crystallised from dilute alcohol, and 4-benzyl- 
1 : 1-dimethylcyclohexane-3 : 5-dione obtained in needles, m. p. 154— 
155° (Found: C, 78:3; H, 8-0. C,;H,,0, requires C, 78:3; H, 
7:8%). The neutral product (60%), crystallised from light petrol- 
eum (b. p. 40—60°), gave 4: 4-dibenzyl-1 : 1-dimethyleyclohexane- 
3 : 5-dione in cubes, m. p. 135° (Found: C, 82:3; H, 7-6. C,,H,,0, 
requires C, 82-5; H, 7:5%). When this was hydrolysed with 
aqueous-alcoholic caustic potash, an acid was obtained which, 
crystallised from petroleum (b. p. 40—60°), gave y-dibenzylacetyl- 
88-dimethylbutyric acid [II1; R’ = CH(CH,Ph),] in prismatic rods, 
m. p. 61° (Found: C, 78-0; H, 7-8; equiv., 337. C,.H,,0, requires 
C, 78:1; H, 7-7%; equiv., 338). 

1 : 1-Dimethyl-4-propyleyclohexane-3 : 5-dione (15—20% yield) 
crystallised from dilute alcohol in flattened needles, m. p. 162° 
(Found: C, 72:3; H, 9-8. C,,H,,0, requires C, 72:5; H, 9-9%), 
5-propoxy-1 : 1-dimethyl-A*-cyclohexen-3-one from light petroleum 
in plates, m. p. 65°, b. p. 150°/18 mm. (Found: C, 72-4; H, 9-9. 
C,,H,,0, requires C, 725; H, 99%). 1: 1-Dimethyl-4-isopropyl- 
cyclohexane-3 : 5-dione (10—15% yield) crystallised from dilute 
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aleohol in needles, m. p. 156° (Found: C, 72-4; H, 9:9%), and 
5-isopropoxy-1 : 1-dimethyl-A4-cyclohexen-3-one from petroleum (b. p. 
40—60°); m. p. 55°, b. p. 139°/17 mm. (Found: C, 723; H, 
10%). 

1 : 1-Dimethyl-4-butylcyclohexane-3 : 5-dione (20% yield) crystal- 
lised from dilute alcohol in needles, m. p. 155° (Found: C, 73-2; 
H, 10-3. C,,H,.0, requires C, 73:5; H, 10-2%). The isomeric 
O-ether, b. p. 163°/17 mm., crystallised from petroleum (b. p. 40— 
60°) in cubes, m. p. 69—70° (Found: C, 73-4; H, 10-1%). 

1 : 1-Dimethyl-4-allyleyclohexane-3 : 5-dione (35%) crystallised 
from alcohol in needles, m. p. 143° (Found: C, 73-1; H, 9-0. 
C,,H,,0, requires C, 73-3; H, 8-9%), and 1 : 1-dimethyl-4 : 4-diallyi- 
eyclohexane-3 : 5-dione (35%, yield) in needles, m. p. 75° (Found : 
C, 76:1; H, 92. C,,H,,O, requires C, 76-4; H, 91%). The 
isomeric O-allyl ether boiled at 155°/20 mm. (Found: C, 73-2; H, 
8-9%). 

Phenyldihydroresorcinol Series. —1-Pheny]-4-methylcyclohexane- 
3 : 5-dione (50%) crystallised from dilute alcohol in scales, m. p, 214° 
(compare Mattar, Hastings, and Walker, J., 1930, 2456) (Found : 
C, 77-0; H, 6-9. Calc. for C,;H,,0,: C, 77:2; H, 69%). When 
hydrolysed with 50% barium hydroxide solution, it gave y-pro- 
pionyl-8-phenylbutyric acid, which was identified by synthesis. 

Synthesis of y-Propionyl-6-phenylbutyric Acid.—B-Phenylglutaric 
acid was prepared by condensing ethyl cinnamate and ethyl sodio- 
eyanoacetate (compare Thorpe and Udall, J., 1899, 75, 905), and 
hydrolysing the ethyl «-cyano-$-phenylglutarate, which was formed 
in good yield, with 50% sulphuric acid. A considerable amount of 
the acid ester was also formed, but as this gave the required acid, 
the yield of 6-phenylglutaric acid was excellent. 

Ethyl «-cyano-8-phenylglutarate is a viscous, pale yellow liquid, 
b. p. 208—210°/18 mm. (Found: ©, 66-4; H, 6:7. C,gH,,0,N 
requires C, 66-4; H, 6-6%). 

Ethyl hydrogen @-phenylglutarate was prepared by decomposing 
the crystallised anhydride (40 g.) with a solution of 4-6 g. of sodium 
in 100 ¢.c. of absolute alcohol, removing the alcohol, and acidifying 
the aqueous solution. The viscous oil, isolated by means of ether, 
was warmed with an excess of thionyl chloride, and the crude acid 
chloride, diluted with an equal volume of benzene, was added to 
cooled ethylzine iodide (} mol.) in toluene solution. The crude 
ester, b. p. 192°/17 mm., was hydrolysed with 50% aqueous-alcoholic 
potash, and the keto-acid was separated from $-phenylglutaric acid 
by extraction with petroleum (b. p. 60—80°), which did not dissolve 
the latter. After two crystallisations from the same solvent, 
y-propionyl.}-phenylglutaric acid was obtained in needles, m. p- 
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87—88° (Found: C, 70-7; H, 7-5. C,3H,,0, requires C, 70-9; H, 
7:°3%). The semicarbazone crystallised from alcohol in needles, 
m. p. 185° (decomp.) (Found: C, 60-4; H, 7-1. CH» 0,N, 
requires C, 60-6; H, 69%). The keto-acid (and its semicarbazone) 
did not depress the m. p. of the keto-acid (and the semicarbazone) 
obtained from the hydrolysis of the methylation product. The 
ethyl ester, b. p. 197°/23 mm., had d?" 1-049 and nj" 1-4966, whence 
[Rr ]p 69-3 (calc., 69-5) (Found ; C, 72-4; H, 8-2. C,;H9O0, requires 
C, 72-6; H, 81%). 

1-Pheny]-4 : 4-dimethylcyclohexane-3 : 5-dione (25%), isolated 
from the neutral product of methylation, crystallised from petroleum 
in long needles, m. p. 86° (Found: C, 77:7; H, 7:5. Calc. for 
Cy,H,,0,: C, 77-8; H, 7-4%) (compare Dieckmann and Kron, 
Ber., 1908, 41, 1260). On hydrolysis with dilute caustic soda solu- 
tion, it yielded y-isobutyryl-8-phenylbutyric acid, which crystallised 
from petroleum in needles, m. p. 106—107° (Found: C, 71:8; H, 
7-7. Cale. for C,,H,,0,: C, 72-0; H, 7-6%). 

1-Pheny]l-4-ethyleyclohexane-3 :.5-dione (20%) crystallised from 
alcohol in small plates, m. p. 198° (Found: C, 77-6; H, 7-6. Cale. 
for C,,H,,0,: C, 77-8; H, 7:4%). 5-Ethoxy-1-phenyl-A*-cyclo- 
hexene-3-one was the sole neutral product of ethylation and boiled 
at 220°/16 mm. (Found: C, 77:7; H, 7-5. Cale. for C,H ,0, : 

C, 77-8; H, 7-4%). 

Benzylation gave 1-phenyl-4-benzylcyclohexane-3 ; 5-dione (45%), 
which crystallised from alcohol in prisms, m. p. 170° (Found: C, 
81-7; H,6-7. Cale. for CygH,,0,: C, 82-0; H,6-5%). The neutral 
product, which has been described as the O-benzyl ether (Vorlander, 
Annalen, 1897, 294, 304), is now found to be 1-phenyl-4 : 4-dibenzyl- 
cyclohexane-3 : 5-dione (yield, 55%). It crystallised from petroleum 
(b. p. 40—60°) in cubes, m. p. 128—129° (Found: C, 84-5; H, 6-7. 
CygH.,O0, requires C, 84-7; H, 6-5%), and on hydrolysis with dilute 
caustic soda solution gave y-dibenzylacetyl-B-phenylbutyric acid, 
which crystallised from alcohol in needles, m. p. 145° (Found: C, 
80-5; H, 6-9; equiv., 386. C,,H,,0, requires C, 80-8; H, 6-7%; 
equiv., 386). ; 

1-Phenyl-4-propylcyclohexane-3 : 5-dione crystallised from dilute 
alcohol in needles, m. p. 184° (Found: C, 77-9; H, 8-0. Cale, for 

O,;H,,0,: C, 78-2; H, 7-8%). The isomeric O-ether boiled at 
230°/16 mm. (Found: C, 78-1; H, 7-9%). 

1-Phenyl-4-isopropyleyclohexane-3 : 5-dione crystallised from 

aleohol in plates, m. p. 190° (Found: C, 78-0; H, 7:8. Cy ,H,,.0, 

requires C, 78-2 ; H, 7-8%). The isomeric O-ether boiled at 222°/20 

mm, (Found: ©, 78:3; H, 80%). 

1-Phenyl-4-butylcyclohexane-3 : 5-dione crystallised from alcohol 
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in needles, m. p. 188° (Found: C, 78-5; H, 8-1. C,,H,.O, requires 
OC, 78:7; H, 82%). The O-ether boiled at 245°/20 mm. (Found : 
C, 78-6; H, 83%). 

Methylethyldihydroresorcinol Series. —Methylethyldihydroresor- 
cinol was prepared by Qudrat-i-Khuda’s method (J., 1929, 1917). 
The methylene derivative crystallised from alcohol in plates, m. p. 89° 
(Found : C, 71-0; H, 8-6. C,gH,,0, requires C, 71-3; H, 8-8%). 

1 : 4-Dimethyl-1-ethyleyclohexane-3 : 5-dione (45%) crystallised 
from alcohol in needles, m. p. 114° (Found: C, 71-2; H, 9-6. Cale. 
for C,)H,,0,: C, 71-4; H, 9-5%) (compare Becker and Thorpe, J., 
1922, 121, 1303). 5-Methoxy-1-methyl-1-ethyl-A*-cyclohexen-3-one 
was a liquid, b. p. 147°/25 mm. (Found: C, 71-1; H, 9-6. C,)H,,0, 
requires C, 71-4; H, 9-5%). 

1:4: 4-Trimethyl-1-ethyleyclohexane-3 :5-dione, formed by 
methylating the monomethylated dione, crystallised from petroleum 
(b. p. 60—80°) in needles, m. p. 68° (Found: C, 72:3; H, 10-0. 
C,,H,,0, requires C, 72-5; H, 9-9%). When hydrolysed with 
dilute alcoholic potash it gave y-isobutyryl--methyl-B-ethylbutyric 
acid, b. p. 170°/15 mm. (Found: C, 65-7; H, 10-2. C,,H,,0, 
requires C, 66-0; H, 10-0%). The semicarbazone melted at 157° 
(decomp.) (Found: C, 55-8; H, 9-0. C,,H,,0,N, requires C, 56-0; 
H, 89%). 

The lactone of 8-hydroxy-f-methyl-8-ethyl-Av-isooctenoic acid, which 
was readily formed by the action of acetyl chloride on the above 
acid, boiled at 110°/18 mm. and had a; 0-9920 and nif" 1-4605, whence 
[Rr]p 51-92 (calc., 51-99) (Found: C, 72-6; H, 9-8. ©,,H,,0, 
requires C, 72-5; H, 9-9%). 

cycloPentanespirocyclohexane-3 : 5-dione Series—The acid pro- 
duct of monomethylation, m. p. 175° after one crystallisation 
(Found : C, 73-0; H, 9-0. Calc. for C,,H,,0,: C, 73-3; H, 8-9%); 
was identified as cyclopentanespiro-4-methylcyclohexane-3 : 5-dione 
by synthesis (compare Dickins, Hugh, and Kon, J., 1929, 576). 
The neutral product consisted mainly of cyclopentanespiro-4 : 4-di- 
methylcyclohexane-3 : 5-dione, which crystallised from dilute alcohol 
in plates, m. p. 78° (Found: C, 74-0; H, 9-5. C,,H,,0, requires C, 
74-2; H, 9°3%). 

Synthesis of 1-Propionylmethyleyclopentane-1-acetic Acid.—The 
crude ethyl ester prepared by the action of ethylzinc iodide on the 
chloride of ethyl hydrogen cyclopentane-1 : 1-diacetate was hydro- 
lysed by 50% aqueous-alcoholic potash. The keto-acid obtained 
was freed from diacetic acid by solution in petroleum (b. p. 60—80°), 
recovered, and converted inte its semicarbazone, which crystallised 
from alcohol in needles, m: p. 157° (decomp.) (Found : C, 56-1; H, 
8-1. ©,,H,,0,N, requires C, 56-4; H,8-2%). The acid regenerated 
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from the semicarbazone boiled at 215°/50 mm. and had dj 1-063 
and nj 1-4770, whence [R,], 52-65 (calc., 52-46) (Found : C, 66-3; 
H, 9:3. C,,H,,0, requires C, 66-6; H, 9-1%). 

The ethyl ester, b. p. 165°/30 mm., d?” 0-9974, ni” 1-4582, whence 
[Rz}p 61-83 (calc., 61-70) (Found: C, 68:7; H, 9-9. C,,H,.0, 
requires C, 69-0; H, 9-7), formed a semicarbazone, which crystal- 
lised from dilute alcohol in needles, m. p. 89° (Found: C, 59-1; H, 
9-0. ©,,H,;O,N, requires C, 59-4; H, 88%). When the ethyl 
‘ester was heated with the calculated amount of alcoholic sodium 
vethoxide, cyclopentanespiro-4-methylcyclohexane-3 : 5-dione, m. p. 
175°, was obtained in quantitative yield. 

1-isoButyrylmethylcyclopentane-l-acetic acid, which was readily 
obtained by hydrolysing cyclopentanespiro-4 : 4-dimethylcyclo- 
hexane-3 : 5-dione with dilute alcoholic potash, boiled at 194—195°/ 
20 mm. and had d®" 1-040 and nn?’ 1-4713, whence [R;]p 56-99 (calc., 
56-96) (Found: C, 67-8; H, 9-6. C,,.H,,0, requires C, 67-9; H, 
94%). The semicarbazone, crystallised from alcohol, had m. p. 
195° (decomp.) (Found: C, 57-9; H, 8-7. C,,;H,,0,N, requires C, 
58-0; H, 86%). The ethyl ester boiled at 153°/15 mm. and had 
d?* 0-9849 and n}° 1-4557, whence [R;]p 66-24 (calc., 66-32) (Found : 
C, 69-8; H, 10-3. C,,H,,0, requires C, 70-0; H, 10-0%). 

The acid reacted with acetyl chloride, giving a solid which 
crystallised from petroleum (b. p. 40—60°) in prismatic rods or 
from dilute alcohol in slender needles, m. p. 90° (Found: C, 70-9; 
H, 9-3. C,,H,,0,,4H,O requires C, 70-9; H, 9-4%). 

cycloHexanespirocyciohexane-3 : 5-dione Series.—The acid product 
of monomethylation crystallised from alcohol in needles, m. p. 179°, 
amd was identified as cyclohexanespiro-4-methylcyclohexane-3 : 5- 
dione by comparison with a synthetic specimen (compare Dickins, 
Hugh, and Kon, J., 1928, 1636) (Found: C, 73-9; H, 9-5. Cale. 
for C,,H,,0,: C, 74:2; H, 93%). — 

Synthesis of 1-Propionylmethyleyclohexane-l-acetic Acid.—This 
was done with ethylzinc iodide and the crude chloride of ethyl 
hydrogen cyclohexane-1 : 1-diacetate as in the preceding case. The 
acid obtained gave a semicarbazone, which crystallised from alcohal 
in prismatic needles, m. p. 167° (decomp.) (Found : C, 57-6; H, 8-7. 
C,3H,,0,N, requires C, 58-0; H, 85%). The regenerated acid 
boiled at 190°/20 mm. with considerable lactonisation (Found for a 
sample dried in a vacuum ; C, 67-6; H, 9:2. C,H 90, requires C, 
67-9; H, 9-4%). 

The ethyl ester, b. p. 157°/12 mm., di? 1-007, nf” 1-4662, whence 
[Rz}> 66-03 (calc., 66-3) (Found: C, 69-9; H, 9-8. C,,H,,0, 
requires C, 70-0; H, 10-0%), formed a semicarbazone, which crystal- 
lised from alcohol in needles, m. p. 79° (Found: C, 60-8; H, 9-2, 
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C,5H.,0,N, requires C, 60-6; H, 91%), and regenerated the 
methylated dione, m. p. 179°, quantitatively when heated with 
alcoholic sodium ethoxide. 

The unsaturated lactone produced by heating the acid alone for 2 
hours, and extracting the acid product with sodium carbonate from 
an ethereal solution, boiled at 153°/15 mm. and had d? 1-035 and 
n** 1-4930, whence [R,]p 54-48 (calc., 54-41) (Found: C, 74-1; H, 
9-5. C,.H,,0, requires C, 74-2; H, 9-3%). 

cycloHexanespiro-4 : 4-dimethyleyclohexane-3 ; 5-dione was one of 
the neutral products of methylation; it crystallised from petroleum 
(b. p. 40-—60°) in prismatic needles, m. p. 95° (Found : C, 74:9; H, 
9:4. C,,H, 0, requires C, 75-0; H, 9-4%). When hydrolysed with 
dilute alcoholic potash, it gave 1-isobutyrylmethylcyclohexane-1- 
acetic acid, b. p. 191°/18 mm, (Found: C, 68:7; H, 9-8. C,3H,.O, 
requires C, 69-0; H, 97%), the semicarbazone of which, crystallised 
from alcohol, had m. p. 186° (decomp.) (Found: C, 59:1; H, 8-7. 
C,,H,,O,N, requires C, 59-4; H, 8-8%). The unsaturated lactone 
produced by heating the acid with acetyl chloride boiled at 163°/ 
20 mm. and had di" 1-012 and nj$" 1-4882, whence [Rz]p 59-15 (calc., 
59-02) (Found: C, 75:2; H, 9-7. C,g3H.O0, requires C, 75-0; H, 
9-6%). 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

Lonpon, S.W. 7. [Received, November 5th, 1931.] 





138. Investigations on Alkylaconitic Acids. 
By Ranownops1 Dasrenar Desat. 


THE influence of a carboxyl group attached to the central carbon 
atom on the three-carbon system should be manifested by a com- 
parison of the properties of alkylated and dialkylated aconitic and 
glutaconic acids. 

Methods of synthesising the former have been explored, and 
certain results obtained in connexion with «-methylaconitic acid 
and some cyanoaconitic esters. Rogerson and Thorpe’s method 
(J., 1906, 89, 631) gave much better yields when potassium was 
substituted for sodium and specially dried alcohol was used (com- 
pare Hope, J., 1922, 121, 2216; Kon and Nanji, J., 1931, 560). 

As ethyl glutaconate readily gives mono-, di-, and tri-alkyl 
derivatives (Henrich, Monatsh., 1899, 20, 539; Thorpe and Wood, 
J., 1913, 103, 1752), the alkylation of ethyl aconitate was attempted : 
the ester, however, underwent self-condensation, yielding a viscous 
liquid. 

The condensation of ethyl chlorofumarate with ethyl sodio- 
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malonate gives ethyl cyclopropane-l : 1 : 2 : 3-tetracarboxylate under 
ordinary conditions (Ruhemann, J., 1902, 81, 1212) and the sodium 
compound of ethyl carbethoxyaconitate, 
C(ONa)(OEt):CH-C(CO,Et):C(CO, Et), 

in presence of excess of sodium ethoxide (Blaud and Thorpe, P., 
1912, 28, 131). Experiments in which 2, 2-5, or 3 mols. of sodium 
ethoxide were used with 1 mol. of either ethyl malonate or ethyl 
cyanoacetate gave hardly a 20% yield of the aconitic ester, and 
satisfactory results were not obtained by condensing the chloro- 
fumaric ester with ethyl sodiomethylcyanoacetate. 

It was thought that a modified extension of Lawrence’s method 
(J., 1897, 71, 457) might give better yields of substituted citric 
esters, but the condensation of either oxalacetic ester with ethyl 
bromopropionate or of methyloxalacetic ester with ethyl bromo- 
acetate in presence of zinc gave equally poor yields of the con- 
densation products. 

Finally, the elimination of hydrogen bromide from monobromin- 
ated tricarballylic acid was tried, but the use of diethylaniline 
resulted in the formation of mainly the lactone of diethyl hydrogen 
a-hydroxytricarballylate and a small amount of aconitic acid. The 
bromination of substituted tricarballylic acids and their hydrolysis 
are under investigation. 

Cyanoglutaconic esters resemble cyano-monocarboxylic esters in 
showing three-carbon tautomerism (Kon and Nanji, loc. cit.), and 
it was thought desirable to extend this observation to ethyl «-cyano- 
aconitate and its methyl derivatives. These esters do not distil 
without decomposition, and therefore could not be examined by 
refractometric and iodometric methods. The results of ozonolysis, 
however, showed that Rogerson and Thorpe’s ethyl «-cyano- 
aconitate (I) (loc. cit.) was a mixture of the «f- and the Py-isomeride, 
the latter preponderating. The ester regenerated from its potassio- 
salt by means of benzoic acid or dry hydrogen chloride was not the 

(I.) CO,Et-CH(CN)-C(CO,Et):CH-CO,Et 
(II.) CO,Et-C(CN):C(CO,Et)-CHMe-CO,Et 
(III.) CO,Et-CH(CN)-C(CO,Et):CMe-CO,Et 
(IV.) CO,Et-CMe(CN)-C(CO,Et):CMe-CO,Et 
(V.) CN-CMe:C(CO,Et)-CHMe-CO,Et 
pure «8-form (compare Hugh and Kon, J., 1930, 775), a little of the 
By-form also being present. The methylation of ethyl «-cyano- 
aconitate through its potassio-salt was found, by ozonolysis of the 
product, to give the methylated ester (Il) in the pure «-form. 
Rogerson and Thorpe’s isomeric ester (III), like the parent ester (I), 


proved to be a mixture of the Sy-form with a small quantity of the 
NN2 
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«$-form (II). The dimethylated ester, prepared from (II) or (ITI), has 
the constitution (IV) assigned to it by Rogerson and Thorpe, for it 
lost ethyl carbonate on treatment with sodium ethoxide, with the 
formation of mainly ethyl y-cyano-6-carbethoxy-«-methyl]-A*-pent- 
enoate (V), oxidation of which with dilute potassium permanganate 
solution gave methylmalonic acid as the only isolable product. 
Thus the behaviour of the cyanoaconitates with regard to three- 
carbon tautomerism is practically identical with that of the 
cyanoglutaconates. 

a-Methylaconitic anhydride (Rogerson and Thorpe, Joc. cit.), 
hydrated under strictly specified conditions (compare Malachowski 
and Maslowski, Ber., 1928, 61, 2521), gave an acid, m. p. 105°: 
this was the cis-form, as it reverted to the trans-form, m. p. 159°, 
in contact with hydrochloric acid or when heated. Several attempts 
were made to prepare a hydroxy-anhydride : on one occasion only, 
a crystalline solid, m. p. 110°, was obtained in about 9% yield, 
which had the properties usually associated with the hydroxy- 
anhydrides of the glutaconic acids and gave the trans-acid on 
hydration with concentrated alkali. 


EXPERIMENTAL. 


Aconitic acid was prepared from citric acid by Hentschel’s method 
(J. pr. Chem., 1887, 35, 205). 

Attempted Alkylation of Ethyl Aconitate.—The ester (25 g.) was 
slowly added to dry sodium ethoxide (from 2-3 g. of sodium) sus- 
pended in dry ether (200 c.c.), the mixture cooled in ice for 2 hours, 
methyl iodide (10 c.c.) added in portions, and the whole refluxed 
for 12 hours. The viscid oil precipitated on acidification boiled at 
225—230°/6 mm., and gave a deep red colour with alcoholic ferric 
chloride (Found: C, 55-6; H, 7-0. C,,H,,0,, requires C, 55-9; 
H, 68%). It (5 g.) was heated with 10% sulphuric acid (50 c.c.) 
for 12 hours; the acid extracted by ether from the cooled solution 
crystallised from dilute alcohol in needles, m. p. 116° (Found: C, 
53-8; H, 6-2; equiv., 100. C,H,,0, requires C, 54-0; H, 60%; 
equiv., dibasic, 100). Neither the ester nor the acid gave a solid 
phenylhydrazone. 

Condensation of Ethyl Chlorofumarate with Ethyl Sodiomalonate.— 
To a well-cooled suspension of ethyl sodiomalonate (11-5 g. of 
sodium, 40 g. of ethyl malonate, and 175 c.c. of absolute alcohol), 
ethyl chlorofumarate (52 g.) was gradually added. The mixture 
was kept in ice for 12 hours, the alcohol removed, and the aqueous 
solution extracted with ether before and after acidification. The 
second extract contained ethyl] carbethoxyaconitate (15—20%), b. p. 
205—207°/16 mm. (Found: C; 54:6; H, 6-7. Calc. for C,,H,.0¢ : 
































DESAI: INVESTIGATIONS ON ALKYLAOCONITIC Acrps. 1091 


C, 54:5; H, 66%), which was hydrolysed to aconitic acid, m. p. 
190°, by concentrated hydrochloric acid. 

Condensation of Ethyl Oxalacetate with Ethyl Bromopropionate.— 
A mixture of oxalacetic ester (36 g.), ethyl bromopropionate (36 g.), 
zine (14 g.), and dry benzene (75 c.c.) was heated on the steam-bath 
for 2 hours, and again for 4 hours after the vigour of the reaction 
had abated; the product was then cooled, and decomposed with 
ice-cold sulphuric acid. Ethyl a-methylcitrate, extracted by ether, 
had b. p. 195°/15 mm. (yield, 5 g.) (Found: C, 53-6; H, 7-8. 
C,3H..0, requires C, 53-7; H, 7-6%). 

Monobromination of Tricarballylic Acid.—A mixture of phos- 
phorus pentachloride (150 g.) and tricarballylic acid (44 g.) was 
warmed at 50—60° for 2 hours, dry bromine (15 c.c.) added, and 
after 24 hours the whole was poured into well-cooled absolute ethyl 
alcohol and heated on the water-bath for 4 hours. Ethyl «-bromo- 
tricarballylate, precipitated on dilution with water, extracted in 
ether, and washed with 10% sodium carbonate solution, was 
obtained as a colourless liquid, b. p. 210°/10 mm. (Found: Br, 
23-0. Calc. for C,,H,,0,Br: Br, 23-6%) (yield, 80%). 

Action of diethylaniline. The bromo-ester (40 g.) was heated 
with diethylaniline (120 g.) on a sand-bath for 3 hours, and the 
cooled product poured into excess of dilute hydrochloric acid. The 
precipitated oil was extracted with ether, washed, dried, recovered, 
and fractionally distilled. Fraction (1), 5 g., b. p. 165—170°/15 mm., 
gave aconitic acid, m. p. 190°, on hydrolysis with concentrated 
hydrochloric acid. Fraction (2), 20 g., b. p. 190—195°/15 mm., 
and 192°/15 mm. after redistillation (Found: C, 52-0; H, 63. 
Calc. for C;)H,,0,: C, 52-2; H, 61%), was the lactone of diethyl 
hydrogen «-hydroxytricarballylate. . 

Ethyl «-Cyanoaconitate (I).—To a cooled solution of potassium 
(39 g.) in dried alcohol (325 c.c.), ethyl cyanoacetate (113 g.) was 
added, and then ethyl oxalacetate (188 g. in portions). After the 
initially formed solid had dissolved, the mixture was kept for 12 
hours in ice and for 3 days at room temperature, the alcohol 
removed in a vacuum, the aqueous solution acidified, and the pre- 
cipitated oil extracted with ether. Ethyl «-cyanoaconitate had 
b. p. 201°/10 mm. after redistillation (yield, 65%) (Found: C, 
54-9; H, 6-1. Cale. for C;;H,,0,N : C, 55-1; H, 6-0%). 

Oxidation. Through a solution of the ester (10 g.) in ethyl 
acetate (100 c.c.) ozonised oxygen was passed for 48 hours, the 
solvent then removed in a vacuum at the ordinary temperature, 
the ozonide decomposed with water, and the product dissolved in 
ether, washed with a dilute solution of sodium bicarbonate, dried, 
and recovered. On distillation under 14 mm., the following fractions 
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wore obtained : (1) 60—90°, (2) 90—110°, (3) 110—150°, (4) 160— 
170°, and residue. Fraction (1), which gave no colour with ferric 
chloride (the others gave a red colour), contained a small quantity 
of ethyl glyoxylate (phenylhydrazone, m. p. and mixed m. p. 
156°). Fractions (2) and (3), when heated with phenylhydrazine 
acetate, yielded 3-carbethoxy-1-phenylpyrazolone, m. p. and mixed 
m. p. 181° (compare Wislicenus, Annalen, 1888, 246, 321). Frac- 
tion (4) reacted with semicarbazide acetate, giving 3-carbethoxy- 
1-carbamyl-4-cyanopyrazolone, which was purified by boiling with 
alcohol, in which it was sparingly soluble (Found: C, 42-6; H, 
37, CgH,O,N, requires C, 42-9; H, 35%): a specimen prepared 
from ethyl oxalocyanoacetate (Bertini, Gazzetta, 1901, 341, i, 586) 
had the same m. p. 237° (decomp.). 

The identified oxidation products of ethyl «-cyanoaconitate were 
therefore ethyl glyoxylate, ethyl oxalacetate, and ethyl oxalocyano- 
acetate. The ester regenerated from the potassio-salt (prepared by 
Kon and Nanji’s method) by means of benzoic acid in dry ether or 
hydrogen chloride in dry petroleum (b. p. 40—60°) gave the same 
products on oxidation, but a larger proportion of oxalacetic ester, 
and therefore contained a larger proportion of the «$-form. 

Methylation. This was done by Rogerson and Thorpe’s method, 
potassium being used in place of sodium. The product, ethyl 
«-cyano-A*-butene-afy-tricarboxylate (II), b. p. 191°/10 mm., was 
ozonised, and the product worked up, as in the case of the parent 
ester. Three fractions were obtained: (1) 120—130°/14 mm. 
(mostly at 128—129°/14 mm.); (2) 140—150°/14 mm.; (3) above 
170°, unchanged ester. Fraction (1) gave a deep reddish-violet 
colour with ferric chloride and yielded with phenylhydrazine acetate 
the pyrazolone derivative, m. p. 150°, of methyloxalacetic ester 
(Wislicenus and Arnold, Annalen, 1888, 246, 331). Fraction (2) 
did not give a colour with ferric chloride, and gave the phenyl- 
hydrazone of ethyl cyanoglyoxylate, m. p. and mixed m. p. 127° 
(compare Kon and Nanjji, loc. cit.). The products of oxidation 
were therefore ethyl cyanoglyoxylate and ethyl methyloxalacetate, 
indicating the «$-form for the methylated ester. 

Ethyl «-Cyano-y-methylaconitate (III).—This was prepared, like 
the parent ester, by condensing methyloxalacetic ester with ethyl 
cyanoacetate in presence of potassium (yield, 20—-25%) (Found : 
C, 56-4; H, 6-5. Cale. for C,,4H,0,N : C, 56-5; H, 6-4%). 

Oxidation. The ozonised product was worked up as described 
before. Four fractions were obtained under 14 mm. pressure: 
(1) up to 70°, (2) 100—140°, (3) 140—160°, (4) above 170°. Frac- 
tion (1) gave a deep violet colour with ferric chloride and contained 
ethyl pyruvate (phenylhydrazone, m. p. and mixed m. p. 119°). 
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Fraction (2) gave a deep red colour with ferric chloride, and yielded 
the pyrazolone of methyloxalacetic ester, m. p. 150°, with phenyl- 
hydrazine acetate. Fraction (3) gave a red colour with ferric 
chloride, and gave the carbamyl-pyrazolone, m. p. 237° (decomp.), 
of ethyl oxalocyanoacetate. The products, therefore, were ethyl 
pyruvate, ethyl methyloxalacetate, and ethyl oxalocyanoacetate. 

Hydration of Methylaconitic Anhydride——The anhydride (5 g.) 
was added to ice-cold water (25 c.c.), the solution concentrated in 
a vacuum, the solid, m. p. 102—104°, obtained dissolved in cold 
water, and the solvent removed in a vacuum. The cis-acid was 
obtained as a microcrystalline solid, m. p. 105°, evolving gas at 
170—175°. It was practically insoluble in ether and benzene 
(Found: C, 44:5; H, 4:1; equiv., 63. C,H,O, requires C, 44:7; 
H, 4.2%; equiv., tribasic, 62-7). 

Formation of the Hydroxy-anhydride ( 4) of «-Methylaconitic Acid.— 
This was prepared by Bland and Thorpe’s method (J., 1912, 101, 
1494). Finely powdered methylaconitic acid (10 g.) was heated 
with acetyl chloride (20 c.c.) and absolute chloroform (50 g.) on the 
water-bath for 8 hours. The undissolved residue (1 g.) was washed 
with chloroform, dried, and crystallised from ethyl acetate, the 
anhydro-acid (?) being obtained in small needles, m. p. 110°, evolv- 
ing gas at 140°, It was sparingly soluble in most organic solvents, 
formed a deep yellow solution in water, and gave a reddish-brown 
coloration with ferric chloride (Found: C, 49-2; H, 3-6. C,H,0, 
requires C, 49-4; H, 3-5%). 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

Lonpon, 8.W. 7. [Received, November 5th 1931.) 





139. The Primary Dissociation Constants of the Methyl- 
cyclohexane-1:1-diacetic Acids. An Anomaly 
between the Physical and Chemical Tests of the 
Valency-deflexion Hypothesis. 


By Davin James Grsss Ives, RecinaLp Parrick LINSTEAD, and 
Harry Lister Rivey. 


GENERAL experimental evidence for the valency-deflexion hypothesis 
of Thorpe and Ingold has been drawn from a wide field, but for its 
more rigid support, three methods, involving quantitative com- 
parative work, have been mainly employed. In these, the effect 
has been examined of varying the group RR’ on the following 
processes: (a) The tautomeric change between the keto-acids of 
type (I) and their hydroxy-ring isomerides (II); (b) the stability of 
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epiro-acids of type (III) towards fission of the cyclopropane ring by 
acids; (c) the electrolytic dissociation of the #6-disubstituted glutaric 
acids (IV). 


£0:CO,H (OH)-CO,H 
(I.) A = man 
‘CO,H ‘CO,H 
‘H-CO,H H,°CO,H 
(I1I.) ed ; fp Aa Pha ts NA 
H-CO,H CH,°CO,H 
As is well known, important facts in support of the hypothesis are 
provided by the similarity observed in all these tests between the 
gem-dimethyl compounds (RR’ = Me, Me) and their cyclopentane 
analogues; and further, by the dissimilarity between corresponding 


cyclopentane and cyclohexane derivatives. These chemical facts 
are summarised in the following table : 


RR’ = Me,Me B& AN 


rh Keto-acid at equilibrium (I = IT) 100 100 0 
istance of (III) to 5% HCl at 200° decomp. decomp. stable 


This difference between the cyclopentane and cyclohexane rings is 
attributed by Thorpe and Ingold to the fact that, whilst the former 
is uniplanar and strainless, the average condition of the latter is 
between a strainless and a strained (uniplanar) form (J., 1928, 1318), 
with the corollary that the extracyclic angle (x, formula I) is smaller 
in the six-membered ring compounds. 

Desai (this vol., p. 1047) has carried out parallel investigations 
of the substituted 3- and 4-methylcyclohexane compounds, with the 
result that, by both chemical tests (a) and (5), these simulated the 
cyclopentane, not the cyclohexane analogues. Two explanations 
alone seem possible: either the entry of the methyl groups has 
stabilised a multiplanar (strainless) form of the cyclohexane ring, or 
the chemical methods of diagnosis of ring-strain have broken down. 

In the present paper, the first possibility was tested by the 
physical method (c) involving a comparison of the dissociation 
constants of 3- and 4-methylcyclohexane-, cyclopentane-, and 
cyclohexane-1 : 1-diacetic acids. These determinations, which were 
carried out by the conductivity method, involved certain difficulties 
in calculation (see next section). Following Gane and Ingold, a 
more rigid comparison of the acids would have been possible had 
their secondary dissociation constants been available. There is no 
doubt, however, that for similarly constituted acids the primary 
dissociation constants provide comparative information as to the 
distance apart of the two carboxyl groups, the approach of which 
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varies the constant (compare, inter alia, Spiers and Thorpe, J., 
1925, 127, 538; Gane and Ingold, J., 1929, 1696). 

The mean values obtained for the primary dissociation constants, 
calculated from the simple dilution law, are shown below, previous 
determinations being given in parentheses : 


Acid. K, (at 25°) x 104, 

cycloPentane-1 : 1-diacetic ...........ccsseceeeeeseeesees 1-76 (1-66,* 1-737) 

cycloHexane-1 : 1-diacetic ..........ccceesseseeeveeeeees 3°23 (3°34,* 3-377) 
3-Methylcyclohexane-1 : 1-diacetic ............66..e000s 3°25 
4-Methyleyclohexane-1 : 1-diacetic ................00008 3°21 

* Gane and Ingold, J., 1928, 2267. t Spiers and Thorpe (loc. cit.). 


It will be seen that the substituted cyclohexane acids resemble the 
parent substance and not the cyclopentane compound. On these 
grounds, the cyclohexane rings of the substituted acids are in their 
normal condition, as is, indeed, to be expected on general grounds 
and from the fact that Desai (loc. cit.) observed no abnormal 
stereoisomerism. 

There seems little doubt that the chemical evidence of reactions 
(a) and (b) is here misleading if applied as a test for valency deflexion. 
It may be recalled that Lanfear and Thorpe (J., 1923, 123, 1683) 
showed that the cis-form of the hydroxy-ring acid (II) of the cyclo- 
pentane series took no part in the keto-cyclol change. The abnormal 
results obtained by Desai can also be attributed, not to a one- 
sidedness of equilibrium, but to the operation of some factor inhibit- 
ing the tautomeric change (I ==II). In short, the reaction can 
only fairly be applied when both tautomeric individuals can be 
isolated and shown to yield the seme equilibrium. It is not desired 
at present to enter upon a discussion of validity of these chemical 
tests, but it is clear that, in spite of their previous successful 
application, they are not sufficiently simple to provide in all cases 
unambiguous data on the deflexion of valency. 

Measurement of Conductivity Measurement of the specific con- 
ductivity of the aqueous solutions of the acids and their sodium 
salts was carried out in an exactly similar manner to that already 
described (Ives and Riley, J., 1931, 1998), the same bridge and 
amplifier, conductivity cells, procedure, etc., being employed. 
The two methylcyclohexanediacetic acids were kindly supplied by 
Dr. Desai. The other acids were prepared by the method of Kon 
and Thorpe (J., 1919, 115, 686). All were carefully purified by 
repeated crystallisation, both from non-aqueous solvents and from 
water. The sodium salts of the acids were made by adding an 
exactly equivalent quantity of carefully standardised, carbon 
dioxide-free sodium hydroxide solution, prepared from “ A.R.” 
caustic soda. The resulting solution was evaporated over the 
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steam in a platinum basin, and when the salt commenced to separate, 
the solution was cooled and an excess of absolute alcohol added, 
the sodium salt being precipitated. This procedure was repeated 
three times, the salt was then dried at 120°, and its sodium content 
determined accurately. In each case the result was in excellent 
agreement with the theoretical. 

For reasons already stated (loc. cit.), no correction for the con- 
ductivity of the water used was applied in the case of the acids, 
but the full correction was subtracted in the case of the sodium 
salts. The conductivity of the various samples of water used varied 
between 0-4 and 1-0 gemmho. 

Some Observations on the Interpretation of the Conductivity Measure- 
ments of Organic Dicarboxylic Acids.—The agreement between the 
results obtained for the primary dissociation constants of certain 
malonic acids by the conductivity method (Vogel, J., 1929, 1476) 
and those obtained by the potentiometric method (Gane and Ingold, 
loc. cit.) indicated that Vogel’s method of calculation, although open 
to criticism [on the grounds that (i) certain of the sodium salts 
employed are appreciably hydrolysed (compare Riley, J., 1930, 
1642), and (ii) the assumption that the mobility of the HX’ ion is 
0-5 (or 0-6; Chandler, J. Amer. Chem. Soc., 1908, 30, 694) times 
that of the X”’ ion is not strictly accurate], gave results which cannot 
be very far from the correct ones. In view of the hydrolysis occur- 
ring with the sodium malonates, the sodium salts of the acids under 
consideration were tested and found to be appreciably alkaline to 
phenolphthalein. The existence of this hydrolysis introduces a 
very difficult problem, for it is, at present, impossible to measure 
this, with anything like the same degree of accuracy as that which 
can be attained in the measurement of the conductivity of solutions. 
Neither can it be calculated from the conductivity data without 
an accurate knowledge of the mobilities of acid and normal ions. 

The possibility of determining the mobility of the HX’ ion by 
extrapolation methods was next considered, for there appeared to 
be a distinct possibility that where the secondary dissociation 
constant was very small compared with the primary, the secondary 
dissociation would not interfere sufficiently to reduce to any 
appreciable extent the accuracy of the results obtained. It is 
possible to determine, with a knowledge of the mobilities of the ions 
concerned, how K, should vary for given correct values of K, and 
K, if the secondary dissociation of the acid is neglected in the 
calculation of K, from conductivity data. Consider an acid with 
K,=3 x 10+ and K,=1 x 10’. (Gane and Ingold, J., 1931, 
2153, record values of K, and.K, for cyclohexane-1 : 1-diacetic acid 
as 3-34 x 104 and 0-99 x 10-7 respectively; the above rounded 
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values have been chosen in order to determine the behaviour of K, 
for an acid of this type.) The following relationships exist : 


[H'][HX’] = K,[H,X]; [H'X’] = K,[HX’] 
[H"] + [HX’] + 2(H,X] = 2M, 
and [X”] + [HX’] + [H,X] = 


where UM is the molarity and the other symbols have their usual 
significance. [For the solution of the above, compare the rather 
more complex case of the cadmium halides (Riley and Gallafent, 
this vol., p. 514).] The mobilities of the various ions being assumed 
to be ly = 349, lux = 21, and k = 42 (these values again must be 
considered as hypothetical and approximating to an acid of the 
type of cyclohexane-1 : l-diacetic acid; the experimental values 
found for these ions from the conductivity of the sodium salt should 
be compared), it is possible, by solving the above equations for 
various dilutions, to calculate K, at various dilutions when the 
secondary dissociation of the acid is neglected. The following 
results were obtained : 


c (mol. /litre). K, Xx 104. c (mol. /litre). K, x 104. 
0-005 3-00065 0-0005 3-00351 
0-002 3°00120 0-0001 3:02210 
0-001 300194 0-00005 3-06185 


These results indicate the possibility of obtaining accurate values for 
the mobility of the HX’ ion in acids of the above type by extrapol- 
ation methods. The experimental results are in excellent agreement 
with the above views. 

Vogel (loc. cit.) ascribes the fall in the values of K, obtained for 
the malonic acids to the use of glass conductivity cells, the acid 
hydrogen ions, reacting with the glass, being replaced by sodium 
ions. It can be shown in a similar manner to the above that 
an acid (malonic) with K, = 15 x 10+, K, = 20 x 1077, lax. = 25, 
and /;..= 50 (these values are those of Gane and Ingold for the 
dissociation constants and of Vogel for the mobilities, rounded 
to the nearest whole numbers) will give the following values for K, 
should the secondary dissociation be neglected in calculating this 
constant : 


c (mol. /litre). K, x 104. ce (mol. /litre). K, x 104. 
0-005 15-0398 0-0005 15-4448 
0-002 15-0874 0-0001 23-1651 
0-001 15-1833 (At greater dilutions a rapid increase.) 


In order to explain the different trend of Vogel’s experimental values 
from those calculated above, it can be shown that a replacement of 
hydrogen ions by sodium ions to an extent of 7—9% is necessary. 
This, of course, is unlikely. A more likely explanation of the initial 
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constancy of Vogel’s experimental results is that considerable 
polarisation occurred during the measurements, since readings 
down to 20 ohms were made, indicating the employment of much 
heavier alternating currents than are desirable. This is believed 
to be the case from the fact that “ perfect minima ” were obtained, 
no current amplifier being used. 

In view of the above, it appears to be necessary to compare the 
values of the primary dissociation constants of the acids at present 
under consideration, calculated. by using the value of the mobility 
of the HX’ ion, obtained (1) from the conductivity of the sodium 
salt, and (2) by extrapolating the acid conductivity results. 

The following methods of extrapolation have been used : 

(a) The Ostwald dilution formula can be written 2 = A) — 22¢/Kr). 
By plotting against 2c”, a straight line is obtained, the intercept 
at c = 0 giving ), and the slope giving 1/K). 

(6) The Kraus method, according to which the Ostwald dilution 
formula is written as 1/2 = 1/2) — ca/K,?, and 1/2 is plotted against 
ch, giving a straight line of intercept 1/A and slope 1/K2,*. This 
method is not so good as (a), in that experimental errors are much 
less apparent and any error in drawing the best straight line through 
the points has a much greater effect upon the results. 

(c) Derick’s method consists in solving a number of simultaneous 
“ dilution-law ” equations for 4) and is extremely sensitive to 
experimental error, necessitating taking a mean of a large number 
of solutions. 

(d) The value of 2, has been calculated from the number of carbon 
atoms in the molecule, as done by Spiers and Thorpe (loc. cit.); this 
method can only be considered approximate. 

Methods (a), (b), and (c) give results in good agreement with each 
other. It is notable that cyclopentane-1 : l-diacetic acid appears 
to have a value of 2, less than that of cyclohexane-1 : 1-diacetic acid 
by an amount quite outside the experimental error, although the 
methylcyclohexane acids give values for 4) slightly less than cyclo- 
hexane-1 : 1-diacetic acid itself, as would be expected. It will be 
noted also that the values of K, obtained all show a slight decrease 
as the dilution increases. This decrease, over the dilution range 
studied, is not sufficiently large to vitiate the theoretical calculations, 
which indicate that there ought to be a slight increase in the value 
of K,. Many disturbing factors are at work, which, although small 
in dilute solutions, are of sufficient magnitude to cause this small 
trend downwards in the value of K,. 

The results obtained for the sodium salts are shown in Table I. 

There can be little doubt that the divergence between the values 
obtained for K, is due to the hydrolysis of the sodium salts in aqueous 
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TABLE I. 
Conductivities of the Sodium Salts. 
cycloHexane-1 : 1-di- 3-Methylcyclohexane- cycloPentane-1 : 1-di- 
acetic acid. 1 : 1-diacetic acid. acetic acid. 

108 ¢ (mols. /1.). pb 10 ¢ (mols, /1.). pe 10? ¢ (mols. /1.). [. 
3-2280 168-0 3-0232 160-3 3-6386 169-8 
2-6105 169-7 2-9193 166-3 2-2689 173-8 
1-6136 173-2 1-9769 169-9 2-1812 174:3 
1-3799 174-7 1-4285 172-5 1-4601 177°4 
1-1135 175°8 0-8456 175-8 0:7663 181-6 
0-7600 177-9 0-6576 177-0 0-7315 181-9 
0-6156 178-3 0-4481 179-4 0-3989 184-4 
0-4161 180-0 0-3002 180°1 0-2639 186-2 
0-3348 180-1 0-2244 181-3 0-2115 186-5 
0:2306 181-7 0°1523 182-4 0-1072 187-9 
0-0000 187-8 0-0000 187-0 0:0000 192-4 
lx» = 187-8 — 102-8 ly» = 187-0 — 102-8 lx = 192-4 — 102-8 

85-0 = 84-2 = 89-6 
lax: = 42-5 lax: = 42°1 lax: = 44-8 
"+ fgH,x = 349-05 + 42-5 po m,x = 34906 + 42/1 pox = 349-05 + 44-8 
Ag = 391-55 Aou.x = 391-15 \, = 393-85 
(The conductivities of solutions of the sodium salt of 4-methyleyclohexane- 

1 : l-diacetic acid were not measured, for the acids themselves gave almost 

identical results. The values obtained for the 3-methyl sodium salt have 

been employed in the case of the 4-methy] acid.) 





TaBxe II. 
cycloHexane-1 : 1-diacetic Acid. 


K, X 10* as obtained by. various methods (see 





p. 1098). 
10% ¢ r. 
(mols. /I.). A. (Na salt). (a). (b). (c). (d). 
4-724 85-55 2-89 3°20 3°22 3°29 3°21 
3-109 102-4 2-88 3-21 3-23 3°30 3°21 
2-050 121-3 2-85 3-19 321 - 3-29 3°19 
1-598 134-1 2-85 3-20 3°22 3°30 3°20 
1-485 137-6 2-83 3°18 3°20 3°27 3°18 
1-085 155-5 2-84 3-20 3°23 3°31 3°21 
0-7504 176-3 2-77 3°15 3°18 3°26 3°15 
0-6122 189-3 2-77 3°17 3-20 3°29 3°18 
0-5279 198-2 2-74 3°15 3°18 3°27 3°15 
0-2496 247-0 2-69 3-20 3°24 3°35 3°21 
0-1753 266-6 2-55 3°09 3°13 3°26 3-10 
0-1108 294-0 2-51 3-19 3°25 ‘6°42 3°20 
0-0808 308-4 2-36 3°12 3°18 3°38 3°13 
0-0538 326-0 2-23 3°17 3-25 3°53 3°19 
0-0220 355-0 1-94 3-86 4-11 5-07 3°90 
Values of A, obtained by 
extrapolation ..........++ 391-55 374-2 373-1 369-8 374 


solution. The agreement of the values obtained by the conductivity 
method with those from the potentiometric method, in the case 
of cyclohexane-1 : 1-diacetic acid, indicates that the values of 
obtained by extrapolation of the acid conductivity results are nearer 
the truth. These, however, cannot be considered strictly accurate, 
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Taste ITI. 
3-Methylcyclohexane-1 : 1-di- 4-Methyleyclohexane-1 : 1-di- cycloPentane-1 : 1-diacetic 
acetic acid. acetic acid. acid. 
KR, x 104. KR, x 104. KE, x 10. 


10% ¢. 2% (Na). (@) 10%. 2 (Sa. Gp We. & (a). @) 


25553 1091 2-76 8-26 2-7908 105-1 2-76 3-23 56641 68:0 144 1-77 
16515 130-1 2-74 3-26 15007 1348 2-72 3-23 26.84 824 143 1-76 
10550 153-7 2-68 3-24 0-9896 157-3 270 3-24 16770, 98-9 4h 1-76 
0-8755 164-9 2-69 3-26 0-8422 167-0 269 3-23 0-9308 1254 138 41-76 
0-4683 202-9 2-62 3-26 0-4763 2016 261 3-22 0-6840 1413 1:39 1:77 
0-672 217-7 257 8-24 0-2945 232-6 2-57 3-27 0-3360 1823 134 1-76 
01674 2654 240 3-25 0-1542 2716 243 3-30 0-2692 1964 1:34 1-78 
0-1303 280-2 286 3-31 0-0872 2996 219 3-23 01644 226-5 1:28 1-78 
00775 302-2 2-03 2-93 00488 321-4 185 3-10 0-1021 2549 121 1-78 
0-0476 317-2 166 2-83 0-0305 333-2 149 2-83 0-0818 268-0 119 1-80 
00339 3290 161 2-81 0-0228 342-2 1:29 3-07 0-0557 2889 1-12 1-85 
Ag 391-15 364-8 391-15 365-8 393-85 358-8 


as no corrections for interionic forces have been applied and there is 
some uncertainty with regard to the solvent correction. These 
corrections would, however, be very similar for all the acids studied, 
so the results obtained serve accurately as a basis for comparison. 

Table IT gives the results obtained with cyclohexane-1 : 1-diacetic 
acid, and compares the values of K, obtained by the different 
methods. The suffix to K, at the head of each column represents 
the method of extrapolation used, given in the above lettered 
paragraphs. Table III gives the results for the other acids studied. 
The values of K, given are those obtained by method (a) of extra- 
polation. These values of K, have been compared with those 
obtained by the other methods, but as Table II is characteristic, 
these comparisons (save that from the sodium salt) have not been 
included. 


The authors express their thanks to Professor J. F. Thorpe for his 
interest in this research. 
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140. A Thermal Analysis of the System Lithium 
Nitrate-Thallous Nitrate. 


By Henry Vincent Arrp Briscoz, Carapoc Evans, and Pmrcy 
Lucock RoBInson. 


SEVERAL binary systems in which thallous nitrate is one of the 
components have formed the subject of thermal analyses. Although 
the nitrates of sodium and of potassium have been paired with it, 
the system involving lithium nitrate had not been studied hitherto. 
We therefore describe this system, thus closing an obvious gap in 
our knowledge of the alkali-metal nitrates. 
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ExPERIMENTAL. 


Preparation of Materials—Anhydrous lithium nitrate was 
obtained from the trihydrate by keeping it for several days in thin 
layers on plates in an evacuated desiccator containing phosphoric 
oxide. That the resulting material was reasonably pure and free from 
moisture is evinced by the m. p., viz., 252-0° + 0-2° (Carnelley, J., 
1876, 29, 489, gives 267°; Carveth, J. Physical Chem., 1898, 2, 
209, gives 253°). Thallous nitrate was prepared by dissolving pure 
metallic thallium in hot nitric acid (50% by vol.); the nitrate, which 
separated on cooling, was well washed with water, recrystallised 
six times from water, and finally dried as in the case of lithium 
nitrate. It melted at 206-0° + 0-2° (Crookes, J., 1864, 17, 112, 
gives 205°; Retgers, Z. physikal. Chem., 1889, 4, 593, 205°; Berg- 
mann, J. Russ. Phys. Chem. Soc., 1922, 54, 200, 207°; Jaeger, Z. 
anorg. Chem., 1917, 101, 111, 206°), and the transitions from the 
«- to the 5 Somme and frou the 8- to the y-form occurred at 143-5° 
and at 61-0° respectively [compare 151° and 80° (Gossner, Z. Kryst., 
1903, 38, 110); 125° and 80° (Wallerant, Bull. Soc. Min., 1905, 28, 
311); 142-5° and 72-8° (van Eyk, Z. physikal. Chem., 1905, 51, 721) ; 
144-6° and 75° (Bridgman, Proc. Amer. Acad., 1916, 51, 581); 
142-5° and 78-5° (Bergmann, loc. cit.)]. 

Thermal Analysis.—Appropriate mixtures were made with 
weighed quantities of each component, the compositions being 
subsequently checked in the solidified melts. by chemical analysis. 
For this purpose the centre portion of the melt only was employed, 
this being reduced to a coarse powder and made to yield three 
samples. About 1 g. was dissolved in 10 c.c. of warm water, and to 
it was added potassium iodide in minimal quantity to ensure com- 
plete precipitation of the thallous iodide. After settling over-night, 
the precipitate was collected on a tared Gooch crucible, washed free 
from precipitant with water, and dried to constant weight at 100° 
in an air-oven. The maximum difference in results for the three 
samples of one melt was never greater than 0-5%, and Table I 
records the mean value of the three analyses. The percentage of 
lithium nitrate was obtained by difference from 100. 

The mixtures were melted in Pyrex test-tubes, 11’’ x 1”, and 
were sufficient to give a depth of liquid not less than 1-5’’.. A cork 
carried a glass sheath, thin-walled and drawn to a fine point, which 
accommodated the thermocouple, and was also provided with a hole 
through which the handle of a glass ring-stirrer passed. The hot 
junction of the thermocouple was thus located slightly below the 
centre of the melt, whilst the cold junction was surrounded with 
melting ice. The P.D.’s were observed on a thermocouple potentio- 
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meter (laboratory pattern, Cambridge Instrument Company), and 
were converted into degrees by means of a graph obtained by 
calibrating the couple at the b. p.’s of water, naphthalene (218°), and 
sulphur (444°). An accuracy of + 0-5° is claimed for the temper- 
atures recorded in Table I. 

The tubes were heated in a vertical cylindrical electric furnace 
suitably wound and lagged for the purpose, and when their contents 
were completely molten they were allowed to cool, the rates being 
approximately 0-7°/min. at 250°, 0-51°/min. at 180°, and 0-41°/min. 
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at 150°. The rates of cooling were recorded on the Sayce inverse- 
rate curve tracer (J. Sci. Inst., 1930, '7, 354), from which the periods 
of arrest at the eutectic temperature were subsequently ascertained. 
The various melts showed little tendency to supercool, but every 
effort was made to avoid this by first ascertaining the approximate 
temperature of each arrest at liquidus and solidus respectively, 
and in subsequent runs stirring the melt vigorously at about these 
points. 

The results are in Table I and have been used to construct the 
equilibrium diagram (Fig.). 
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TaBLeE [. 
Mean arrest temperatures. Period of ar- 
ae ~ rest at m. p. 
TINO,, LiNO,, lst 2nd 3rd 4th of eutectic 
mols. %. mols. %. arrest. arrest. arrest. arrest. (mins.). 
0 100 252° 0 
10°52 89-48 239 120° 14-20 
19-65 80°35 228 130 57° 18-10 
29-70 70°30 212 133-5 22-48 
39°51 60-49 191 133 60 35°24 
48-30 51-70 174 135 39°36 
56-60 43°40 159 136 45-25 
58-30 41-70 148 134 46-03 
61-38 38-62 143 135 61 51-40 
63-78 36-22 136 61 58-21 
66°21 33-79 136°5 134 55-08 
68°77 31-23 141 134°5 60 49-20 
75-00 25-00 154 145 135° 
79°35 20-65 162 144 133 60 33°30 
88°65 11°35 184 144 133-5 60°5 17-7 
99-65 0 206 143-5 60°5 0 


Discussion of Results. 

The system has proved to be a simple one, very similar in character 
to that of sodium nitrate-thallous nitrate (van Eyk, Z. physikal. 
Chem., 1899, 30, 430). It gives no evidence of compound formation 
over the range of temperature observed, or of solid solutions such 
as those shown by potassium nitrate-thallous nitrate (idem, ibid.). 
The single eutectic has a composition 63-8 mols. % TINO;, 36-2 
mols. % LiNO,, and melts at 136-5°, whereas the lowest parts in the 
liquidus curve for the nitrates of sodium and potassium are 162° 
and 182° respectively. The eutectic point is observable over a 
range of 80% in composition and remains fairly constant except for 
the customary falling off in regions far removed from the eutectic 
composition. The periods of arrest which are shown in the figure 
reach a well-marked maximum at the eutectic composition. The 
temperature of transition from «- to $-thallous nitrate is not affected 
by the presence of the lithium salt, and as the liquidus does not appear 
to be modified in form by this change, any possibility of the formation 
of mixed crystals containing an appreciable proportion of lithium 
nitrate is excluded. The observed transition from 8- to y-thallous 
nitrate is much lower than previously recorded, but as this has been 
found in the pure material as well as in the mixtures, no significance 
attaches to it other than as a correction of previous observations. 


Acknowledgment is made to the Research Committee of this 
College for grants which provided the potentiometer and the 
Sayce inverse-rate curve tracer used in this research. 


Universiry oF DurnHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. (Received, February 2nd, 1932.] 
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141. Rhenium Oxychloride. 


By Henry Vincent Arrp Briscozr, Percy Lucock Rosrnson, 
and ALFRED JOHN RuDGE. 


METALLIC rhenium when heated in pure dry chlorine gives first of 
all a trace of a brown, volatile, low-melting material and subse- 
quently, and for the main part, a black crystalline compound 
recently shown to be the tetrachloride (Briscoe, Robinson, and 
Stoddart, J., 1931, 2263). In that communication, the brown 
material was described, and a photograph illustrating its typical 
crystalline form was given, but attempts then made to obtain it in 
quantities sufficient for investigation were unsuccessful. It has now 
been shown that one of the methods originally tried, without success, 
viz., the addition of dry oxygen to the chlorine, does actually effect 
a quantitative conversion into the new compound. Synthetic 
experiments, analyses, and vapour-density measurements show 
that the substance is rhenium oxychloride, ReO,Cl,. 

Preparation.—The oxychloride results on heating (a) the metal 
in dry mixtures of air and chlorine, (b) thetetrachloride in dry oxygen, 
or (c) the pentoxide (Briscoe, Robinson, and Rudge, J., 1931, 3087) 
in dry chlorine. Of these methods, the first proved most con- 
venient and was generally used. Chlorine mixed with air over a 
certain minimum concentration and rigorously dried was passed 
over metallic rhenium in the apparatus (Fig. 1). The bulbs are used 
to reduce the gas velocity sufficiently tu allow condensation of the 
oxychloride : in their absence its retention was incomplete. Most of 
the volatile brown material condensed in B and eventually solidified 
as a mass of dark crystals. When the reaction was over, the tube 
was sealed off at A and evacuated. In the preliminary experiments 
considerable difficulty was experienced at this stage through an 
occasional dissociation of the compound when pumping was com- 
menced. It was suspected that this might be due to moisture, but 
greater precaution in the drying of apparatus and reagents failed to 
eradicate the trouble. It was finally discovered that if the material 
were melted in the preparative gas stream immediately after the 
completion of the preparation, it would not afterwards decompose 
in a vacuum. We have at present no idea why this should be the 
case. 

Analysis.—The first analyses were made on material which had 
been distilled in a vacuum from. bulb B into C and finally divided 
between bulbs D and C, where it was sealed off in two separate 
quantities. The contents of D and C were analysed by breaking 
the bulbs under water, the weight of the material being obtained by 
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collecting and weighing the fragments of glass, and allowing for the 
air displaced. In water the material is hydrolysed and yields some 
dioxide; this, together with the glass, was filtered off and weighed, 
after which the rhenium dioxide was dissolved in nitric acid, removed 
by washing, and the glass weighed alone. The chlorine in the 
filtrate from the dioxide and glass was estimated as silver chloride in 
the usual manner, and the results (below) show that it corresponds 


RRO, W specdorcecssccocas 19-98 17-28 16-97 Mean 18/08 
hy Fe cntysssescioccsccses 32-11 34-65 33°11 » seed 
TOtAly as, cocescccsers 52-09 51-93 50-08 »» 51437 


closely with that required for ReO,Cl,. At the same time, however, 
only about one-third of the rhenium had suffered precipitation as 
dioxide, and the filtrate containing the chlorine was found on being 


A 





tested to carry per-rhenate ion. In succeeding analyses, the 
rhenium in the filtrate was reduced with zinc and hydrochloric acid 
after the manner described by Briscoe, Robinson, and Stoddart 
(J., 1931, 666). Complete precipitation from these solutions was 
not attained, but the total rhenium accounted for in three different 
preparations was 52-95, 46:27, and 45-75% respectively, mean 
48-32% (Found: Re, 48-32; Cl, 33-29. ReO,Cl, requires Re, 
57-32; Cl, 32-83%). It was believed that these results practically 
established the nature of the compound, and the synthetic experi- 
ments now to be described confirmed this view. 

Rhenium was weighed out into the apparatus (Fig. 2), which had 
been previously cleaned, carefully dried, and weighed. The metal 
was treated with air and chlorine, and the product was collected in 
B and melted. The apparatus was closed by means of rubber at 
A and evacuated at O, the material distilled from B into the U- 
portion, and finally dry air was admitted at atmospheric pressure, 
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and the apparatus was closed at B by another rubber cap. In some 
experiments, the U-portion was cooled in a freezing mixture, but 
this did not appear to affect the results. These are given in Table 
I, where it will be seen that the proportion of rhenium differs from 





TABLE I. 
Product. 

Expt. Wt. of Re,g. Cale. for ReO,Cly,g. | Found, g. Re, %. 
i 0-1671 0-2916 0-2938 56-87 
2 0-2504 0-4368 0-3819 65-57 
3 0-2278 0-3974 0-3991 57-07 
4 0-1505 0-2625 0-2565 58-66 
5 0-1173 0-2046 0-2051 57-19 
6 0-0928 0-1619 0-1491 +*62-23 
7 0-1248 0-2177 0-2125 58-73 
8 0-0871 0-1519 0-1540 56-56 

Mean 59-11 


Mean (excluding 2 and 6) 57-51 
* Evident decomposition. 


that calculated for ReO,Cl, in two only of the eight experiments, 
and in one, at least, of these two cases some decomposition was 
observed. 

Vapour Density.—This was determined by the method of Victor 
Meyer. Rhenium oxychloride prepared in the usual way was 
transferred to small bulbs, which were almost filled with the material 
and sealed off in an atmosphere of dry air. Immediately prior to 
the measurement, the top of the bulb was broken, and it was 
allowed to fall into the vaporising chamber of the apparatus, which 
was maintained at about 400° by means of an electric heater. The 
molecular weights obtained, viz., 339-3 at 380° and 325-5 at 408°, 
mean 332-4, are in good agreement with that required by ReO,Cl,, 
viz., 324-5. 

Liquid Density.—About 1-5 g. of rhenium were converted into 
oxychloride at A (Fig. 3). The apparatus was then evacuated and 
the compound distilled successively to D, Z, and F, after which the 
bulbs were removed by being sealed off at J. 

The height of the material in the stem of the density vessel F 
was measured by means of a cathetometer reading to 0-02 mm. at 
three distinct temperatures, and the volumes thus observed were 
subsequently determined by weight calibration with water. The 
density (g. per c.c.) was 3-359 at 35°, 3-320 at 47°, and 3-309 at 53°, 
giving a coefficient of expansion of 0-000840 between 35° and 53°. 

Properties—Rhenium oxychloride forms dark red-brown needle- 
shaped crystals which appear almost black in large masses and 
darken somewhat on keeping. The crystals melt very sharply at 
23-9° + 0:2° to a yellowish-brown, rather viscous liquid (d 3-359 at 
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35°) which vaporises rapidly in a vacuum at a little below 300°, 
although the vapour pressure is evidently considerable at much 
lower temperatures. It is perfectly stable for long periods in a 
vacuum or in perfectly dry air, and may be heated at 260° with 
metallic rhenium without reaction. In the presence of the slightest 
trace of moisture it fumes, yielding hydrogen chloride, the residue 
at once darkening. With water it is decomposed, yielding in part 
rhenium dioxide. The reaction is complex, since about one-third of 
the rhenium appears in the bivalent and about two-thirds in the 
septavalent state. 


Grateful acknowledgment is made to the Research Committee 
of Armstrong College for a grant which has defrayed the cost of the 
rhenium used in this investigation. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, February 18th, 1932.] 





142. Synthetical Experiments in the Chromone Group. 
Part VII. Synthesis of 7:8:4'-Trihydrozy-, 
7:8:3':4'-Tetrahydrozy-, and 7:8:3':4':8-, 
5:7:3':4': 5, and 3:7:3':4 : 5’-Pentahydroxy- 
flavones. 


By IsHwar CHAND BaDHWaR, Kanwar SineH Kana, and 
KRISHNASAMI VENKATARAMAN. 


GALLACETOPHENONE gave poor yields of dark-coloured material 
when it was heated at 180—185° with anisic, veratric, or trimethyl- 
gallic anhydride and the appropriate sodium salt. The methods of 
von Kostanecki were therefore employed. 2'-Acetoxy-4 : 3’ : 4’-tri- 
methoxychalkone (von Kostanecki and Schreiber, Ber., 1905, 38, 
2749) was converted into the dibromide (I; R = p-C,H,OMe), 
which, on treatment with alcoholic potash, gave 7 : 8 : 4’-trimethoxy- 
flavone (11; R= p-C,H,OMe). Demethylation with acetic an- 
hydride and hydriodic acid yielded the trihydroxyflavone. 7:8:3':4'- 
Tetramethoxyflavone [II; R = C,H,(OMe), (3: 4)] and the corre- 
sponding tetrahydroxyflavone were similarly prepared from the di- 
bromide of 2’-acetoxy-3 : 4 : 3’ : 4’-tetramethoxychalkone (von Kos- 
tanecki and Rudse, ibid., p. 936). As the interaction of alcoholic 
potash with 2’-acetoxychalkone dibromides may produce benzyl- 
idenecoumaranones, 7 : 8 : 3’ : 4’-tetrahydroxyflavone has also been 
prepared by the prolonged treatment of 2: 3:4: 3’ : 4'-pentameth- 
oxy-w-benzoylacetophenone with hydriodic acid. 7:8 :3':4':5’- 
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Pentahydrozyflavone was made by the demethylation and de- 
hydration of 2:3:4:3':4' : 5'-hewamethory-w-benzoylacetophenone. 


MeO OAc 
MeO, HBrR 
(I.) ¢ nuigs (I1.) 
eo mx 
CO 


For comparison with the last-mentioned flavone in regard to the 
dyeing and other properties, 5: 7:3’: 4’: 5’- and 3:7:3':4':5 
pentahydroxyflavones were synthesised by the Robinson reaction, 
trimethylgallic anhydride and sodium trimethylgallate being heated 
with phloracetophenone and w-methoxyresacetophenone respect- 
ively, and the resulting tri- and tetra-methyl ethers demethylated in 
the usual manner. 

The colour reactions of the five polyhydroxyflavones have been 
set forth in detail, so that, in conjunction with our knowledge of 
the flavones synthesised by von Kostanecki and by Robinson, they 
may prove helpful in the ready recognition of new flavone pigments 
isolated from natural sources. From this point of view the synthesis 
of other polyhydroxyflavones is in progress. 

As was expected (compare J., 1929, 2219), 7: 8: 3’: 4’ : 5’-penta- 
hydroxyflavone proved to be a more powerful dye than the two 
isomerides. The shades it produced on mordanted wool were 
similar to, but darker than, those produced by 7 : 8: 3’ : 4’-tetra- 
hydroxyflavone, which in turn were darker than those produced by 
7:8:4'-trihydroxyflavone. The same gradation was observed in 
regard to other properties, such as the colorations with ferric 
chloride, with sodium amalgam, and with magnesium and hydro- 
chloric acid. 

EXPERIMENTAL. 

Gallacetophenone.—The following method is more convenient than 
the original process of Nencki (Ber., 1884, 27, 2737) or the modific- 
ation of Crabtree and Robinson (J., 1922, 121, 1038). Toa solution 
of fused zinc chloride (28 g.) in glacial acetic acid (40 g.) and acetic 
anhydride (40 g.) at 185—140° (oil-bath), pyrogallol (50 g.) was 
quickly added, and the whole heated for 45 minutes at 145—150° 
with occasional shaking. The excess of acetic acid and acetic 
anhydride was distilled off under reduced pressure, the semi-solid 
mass poured into water (300 c.c.), and, after cooling, the thick cake 
collected and crystallised from sulphurous acid; 34 g. of straw- 
coloured needles, m. p. 168°, were obtained, 

7:8:4'-Trimethoxyflavone (II; R = p-C,Hy’OMe).—2’-Acetoxy- 
4:3’ : 4'-trimethoxychalkone was treated with a 7:25% solution of 
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bromine in carbon disulphide (25 c.c.), and after 12 hours the 
solvent wasremoved. The residual dibromide (I; R = p-C,H,°OMe) 
erystallised from benzene-light petroleum in yellow irregular plates, 
m. p. 133° (Found: Br, 30-9. OC, H,.0,Br, requires Br, 310%). 
A suspension of the dibromide (5 g.) in alcohol (20 c.c.) was shaken 
with 40% aqueous caustic potash (4-3 g.); the trimethoxyflavone, 
which separated after some time, crystallised from aleohol in yellow 
woolly needles (1-8 g.), m. p. 189—190° (Found: ©, 69-1; H, 5-1. 
C,,H,,0, requires C, 69-2; H, 5+1%). 

7:8: 4'-Trihydroxyflavone.—The trimethyl] ether (1-3 g.) was sus- 
pended in acetic anhydride (25 c.c.), hydriodie acid (d 1-7; 25 ¢.c.) 
slowly added, and the mixture heated for 2 hours (oil-bath at 
140—145°) and poured into an ice-cold saturated solution of sodium 
bisulphite. The trihydroxyflavone crystallised from aqueous alcohol 
in yellow needles (0-3 g.), m. p. 299—300° (decomp.), after sintering 
at 279° (Found: C, 66-7; H, 3-9. C,;H, 0, requires C, 66-7; H, 
37%). 

The triacetate, prepared by boiling the trihydroxyflavone with 
excess of acetic anhydride and a drop of pyridine during 2 hours 
and pouring the solution into water, formed white woolly needles, 
m. p. 183° (Found: C, 63-2; H, 4-4. ©,,H,,0, requires C, 63-6; 
H, 4:1%). 

7:8:3' : 4'-Tetramethoxyflavone (II; R = C,H,(OMe), (3 : 4)].— 
The dibromide of 2'-acetoxy-3 : 4 : 3’ : 4'-tetramethoxychalkone crys- 
tallised from benzene-ligroin in yellow irregular plates, m. p. 118° 
(Found: Br, 28-9. C,,H,,0,Br, requires Br, 29-3%). The treat- 
ment with alkali already described converted it into the tetra- 
methoxyflavone, which crystallised from alcohol in bright yellow 
needles (2-3 g.), m. p. 198—199° (Found : C, 66-8; H, 5-4. C,),H,,0¢4 
requires C, 66-7; H, 5-3%). 

7:8:3': 4'-Tetrahydroxyflavone—(a) Demethylation of the ether 
(1-8 g.) gave the tetrahydroxyflavone, which crystallised from dilute 
alcohol (charcoal) in yellow needles (0-4 g.), m. p. 309—310° (de- 
comp.) (Found: C, 63-0; H, 3-6. C,,;H,,0, requires C, 62:9; H, 
35%). 

(b) The following @-diketone (0-3 g.) was demethylated with 
hydriodic acid (d 1-7; 10 c.c.) at 140—145° during 3 hours. The 
product obtained by pouring the reaction mixture into cold 
saturated sodium bisulphite solution crystallised from dilute alcohol 
in yellow needles, m. p. 309—310° (decomp.), not lowered by 
admixture with the substance obtained in (a). 

The tetra-acetate crystallised from alcohol in white woolly needles, 
m. p. 218° (Found: C, 61-0; H, 4-2. C,,H 04 requires C, 60-8; 
H, 40%). 
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2:3:4:3' : 4’-Pentamethoxy-w-benzoylacetophenone.—Ethyl ver- 
atrate (6 g.) and gallacetophenone trimethyl ether (2 g.) were 
melted together, finely divided sodium (0-3 g.) added, and the 
mixture heated at 120° for 2 hours; the semi-solid mass was then 
poured into ice-cold dilute acetic acid and extracted with ether, 
and the extract twice shaken with 10% caustic soda solution. 
From the alkaline solution, carbon dioxide precipitated the penta- 
methoxybenzoylacetophenone, which crystallised from dilute alcohol 
in pale yellow needles (0-5 g.), m. p. 105° (Found: C, 64-0; H, 6-1. 
CopH.,0, required C, 64:2; H, 5-9%). It gave a dark green 
coloration with alcoholic ferric chloride. 

2:3:4:8':4' : 5'’-Hexamethoxy-w-benzoylacetophenone, similarly 
prepared from gallacetophenone trimethyl ether (7-7 g.), ethyl tri- 
methylgallate (26-4 g.), and sodium (1-2 g.), crystallised from dilute 
alcohol in pale yellow needles (10 g.), m. p. 125° (Found: C, 62-7; 
H, 6-3. C,,H,,0, requires C, 62-4; H, 5-9%). 

7:8:3':4' : 5'-Pentahydroxyflavone, obtained by heating the pre- 
ceding ketone (9 g.) with hydriodic acid (d 1:7; freshly distilled 
over red phosphorus; 150 c.c.) and acetic anhydride (50 c.c.), and 
repeatedly crystallised from dilute alcohol, formed yellow needles 
(1-2 g.), m. p. above 345° (Found: C, 59-8; H, 3-5. C,;H 0, 
requires C, 59-6; H, 3-3%). 

7:8:3':4' : 5'-Penta-acetoryflavone crystallised from alcohol in 
white woolly needles, m. p. 263° (Found: C, 58-9; H,4-0. C,5H40;. 
requires C, 58-6; H, 3-9%). 

7-Hydroxy-3 : 3’ : 4’ ; 5'-tetramethoxyflavone.—An intimate mixture 
of w-methoxyresacetophenone (6 g.), trimethylgallic anhydride 
(70 g.), and potassium trimethylgallate (12 g.) was heated (oil-bath 
at 180—185°) for 6 hours. The product was cooled, powdered, 
and then refluxed in alcohol (150 c.c.) for 30 minutes while caustic 
potash (17-5 g. in 20 c.c. of water) was gradually added and the 
mixture shaken. After a further 30 minutes’ heating, the alcohol 
was removed under reduced pressure, and the filtered liquid diluted 
with much water and saturated with carbon dioxide. The pre- 
cipitate was washed and dried (5-0 g.). 

A portion was crystallised from alcohol, giving long white needles, 
m. p. 246°, of 7-hydroxy-3 : 3’ : 4’ : 5'-tetramethoxyflavone (Found : 
C, 63-6; H, 5-1. C,9H,,0, requires C, 63-6; H, 5-0%), moderately 
easily soluble in methyl and ethyl alcohol, readily soluble in glacial 
acetic acid, sparingly soluble in ether and benzene, and insoluble in 
light petroleum. The acetyl derivative crystallised from methyl 
alcohol in long, colourless, woolly needles, m. p. 146° (Found: C, 
63-4; H, 5-1. C,,H,.0, requires C, 63-0; H, 5-0%). 

3:7:3':4' : 5’-Pentahydroxyflavone.—The remainder (2 g.) of 
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the crude tetramethoxyflavone was treated with a boiling mixture 
of acetic anhydride (30 c.c.) and hydriodic acid (d 1-7; 30 c.c.) 
during 2 hours, the cooled liquid filtered, and the dark red residue 
boiled in glacial acetic acid (10 c.c.) and water (10 c.c.) for 5 minutes 
(charcoal). The filtered solution deposited pale yellow needles, 
m. p. 310—312° (decomp.) after darkening at 304—305°. The 
mother-liquor of the hydriodide of the flavone was poured into 
ice-cold sodium bisulphite solution ; more of the pentahydroxyflavone 
was obtained (total yield, 1-0 g.) (Found: C, 59-5; H,3-4. C,s;H)0, 
requires C, 59-6; H, 3-3%). The substance resembles its tetra- 
methyl ether in solubility. 

3:7:3':4' : 5'-Penta-acetoxyflavone crystallised from dilute acetic 
acid in long, almost colourless needles, m. p. 175—176° (Found : 
C, 59:0; H, 4:3. C,5H..0,, requires C, 58-6; H, 3-9%). 

5 : 7-Dihydroxy-3' : 4’ : 5'-trimethoxyflavone.—The chromone syn- 
thesis was carried out as in the previous case with phloraceto- 
phenone (8 g.), trimethylgallic anhydride (80 g.), and potassium 
trimethylgallate (16 g.). Hydrolysis was effected with 10% alcoholic 
potash (175 c.c.). The brown powder (6-5 g.) precipitated from 
the alkaline solution by carbon dioxide was dissolved in boiling 
glacial acetic acid; addition of a few drops of concentrated sulphuric 
acid produced a deep red colour. The mixture was diluted with an 
equal volume of boiling water, and the whole boiled for a few 
minutes (charcoal). The filtered liquid deposited yellow woolly 
needles, nm. p. 264—265° (Found: C, 63:0; H, 5-0. C,.H,,0, 
requires C, 62-8; H, 4-6%), soluble in glacial acetic acid, sparingly 
soluble in cold methyl and ethyl alcohol, and moderately readily 
soluble in the hot solvents. The yellow solution in sulphuric acid 
has a violet fluorescence, and an alcoholic solution gives a greenish- 
brown colar with ferric chloride. 

5:7:3' 4’ : 5'-Pentahydroxyflavone.—Demethylation of the tri- 
methyl etler in the usual way gave a reddish-brown product, 
which, crytallised from dilute acetic acid (and a few drops of 
sulphuric add) in the way described above, formed brownish-yellow 
needles, decomp. about 310° (Found: C, 56-2; H, 4-1. Cale. for 
C,;H)0,,H,9: C, 56-3; H, 38%. Compare Bargellini and Monti, 
Gazzetta, 1915.45, 65). 

The dyeingproperties of the three pentahydroxyflavones were 
studied on madanted wool. 


6:7:3': 4’: 8. 3: 7.2:8/3 &< B 7:8:3':4':8’. 


Aluminium Dull yellow Lemon-yellow Greenish-yellow 
Chromium Biscuit Raw sienna Grey 
Iron Slate-grey Brownish-grey Dark grey 


Tin Yellow Orange Madder-brown 
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Colour Reactions.—Colorations were given by the polyhydroxy- 
flavones with the following reagents : (a) sulphuric acid; (b) glacial 
acetic acid and a drop of sulphuric acid; (c) aqueous sodium 
hydroxide; (d) alcoholic ferric chloride; (e) potassium acetate; 
(f) lead acetate; (g) sodium amalgam; (h) magnesium and hydro- 
chlorioc acid. 

7:8:4'-Trihydroxyflavone: (a) pale yellow, non-fluorescent ; 
(b) bright yellow; (c) orange; (d) dark green, becoming brownish- 
violet on addition of a drop of aqueous ammonia; (e) bright yellow; 
(f) gelatinous yellow precipitate; (g) cloudy pale orange, becoming 
greenish-orange; (h) bright orange-red. 7:8 : 3’ : 4'-T'etrahydroxy- 
flavone: (a), (b), (d), (e) as above; (c) orange-red; (f) gelatinous 
orange precipitate; (g) pale yellow, becoming dirty orange; (h) 
bright orange. 7:8:3': 4’: 5’-Pentahydroxyflavone: (a), (d), (e) 
as above; (b):bright yellow colour, then brownish-orange crystalline 
precipitate; (c) deep orange-red; (f) gelatinous, deep orange pre- 
cipitate; (g) greenish-yellow, becoming dark brown; (h) deep 
orange-red coloration, green fluorescence. 7-Hydroxy-3 : 3’: 4’ :5’- 
tetramethoxyflavone : (a) yellow solution, green fluorescence ; (c) pale 
greenish-yellow; (d) faint green; (g) pale green; (h) rose-red. 
3:7:3':4' : 5'-Pentahydroxyflavone: (a) pale yellow solution, faint 
green fluorescence; (c) pale magenta; (d) dirty brown; (f) pale 
orange precipitate ; (g) intense green, slowly becoming light brown; 
(h) pale red. 5:7:3': 4’ : 5’-Pentahydroxyflavone : (a) pale yellow 
solution, green fluorescence; (c) orange-red; (d) dark greenish- 
brown; (f) brown precipitate; (g) orange-red; (h) yellow. 


ForMan CHRISTIAN COLLEGE, 
LAHORE. [Received, December 14th, 1931.] 





143. Substituted Aromatic Aldehydes in Hantzsch’s 
Pyridine Condensation. Part III. Nitromethoxy- 
and Nitrohydroxy-benzaldehydes. 


By Lzonagp Eric Hinxet, Ernest Epwarp AYLING, and 
Witt1am Henry MorGan. 


‘Tux influence of some substituents on the behaviour of benzaldehyde 
in Hantzsch’s pyridine condensation has previously been described 
(J., 1931, 1835), the results obtained, particularly those with the 
methyl and nitro-groups, being in good agreement with theoretical 
anticipations. Several aldehydes containing more thin one methy! 
or nitro-group were also examined, the results with three dimethy]- 
benzaldehydes indicating that the retarding influence due to each 
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methyl group do not act independently, and with 3 : 5-dinitro-4- 
methylbenzaldehyde, the influence of m-nitro-groups in increasing 
the yield of dihydropyridine derivative is most marked. In order 
further to study the mutual influence of substituents and especially 
the effect of the introduction of nitro-groups on the behaviour of 
an aromatic aldehyde in the condensation, a series of ten nitro- 
methoxy- and nitrohydroxy-benzaldehydes has been examined. 
The results obtained with the nitromethoxybenzaldehydes (see 
Table I) indicate that the influence of each substituent is mainly 
additive. 2- and 4-Methoxybenzaldehydes give yields of 57 and 
64% respectively (loc. cit.) and the introduction of a m-nitro-group 
into each causes increases in yields of 20 and 13% respectively, 
comparable with the increase of 14% caused by the introduction 
of a m-nitro-group into benzaldehyde itself (loc. cit.). Similarly, 
with 3-methoxybenzaldehyde a yield of 75% is obtained (loc. cit.) 
and the introduction of a nitro-group in the 4- or 6-position 
causes a diminution of 6 and 11% respectively, comparable with 
the respective diminution of 10 and 12% observed when a p- or 
o-nitro-group is introduced into benzaldehyde (loc. cit.). 


TaBeE I. 
% Pyridine % Pyridine 
Benzaldehyde. derivative. Benzaldehyde. derivative. 
5-Nitro-2-methoxy- ......... 77 6-Nitro-3-methoxy- ......... 64 
2-Nitro-3-methoxy- ......... 51 3-Nitro-4-methoxy- ......... 77 
4-Nitro-3-methoxy- ......... 69 2 : 6-Dinitro-3-methoxy- ... 0 


That the influences are not wholly additive, but depend partly 
on the relative positions of the substituents, is shown by a com- 
parison of 2-nitro- with 6-nitro-3-methoxybenzaldehyde and of 
5-nitro-2-methoxy- with 3-nitro-4-methoxy-benzaldehyde. With 
the former pair the yield is reduced much more in the case of the 
vic.- than the as.-compound, due probably to an enhancement of 
the o-effect of the nitro- by the adjacent methoxy-group, the weak 
inductive efiect of the latter (Type —I-+ 7) reinforcing the 
stronger similar effect of the nitro-group (Type —I—T). The 
similar yields obtained with 5-nitro-2-methoxy- and 3-nitro-4- 
methoxy-benzaldehydes, contrasting with the difference between 
o- and p-methoxybenzaldehydes themselves (yields, 57 and 64% 
respectively ; loc. cit.), indicate that the o-effect of the methoxy- 
group must be eliminated by the nitro-group in the p-position to 
it, a similar “ continuous system ”’ involving the nitro- and methoxy- 
groups being possible in both compounds. 

With 2 : 6-dinitro-3-methoxybenzaldehyde, the presence of the 
two o-nitro-groups completely inhibits the condensation. 

00 
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Of the four nitrohydroxybenzaldehydes examined (see Table Il), 
3-nitro-4-hydroxy- and 6-nitro-3-hydroxy-benzaldehydes yield 
anomalous results. 


TasBLe II. 
% Pyridine % Pyridine 
Benzaldehyde. derivative. Benzaldehyde. derivative. 
5-Nitro-2-hydroxy- .......++ 14 6-Nitro-3-hydroxy- ......... 51 
4-Nitro-3-hydroxy- ......... 57 3-Nitro-4-hydroxy- ......... 61 


While 2-hydroxybenzaldehyde only yields small quantities of a 
mixture in the condensation (loc. cit.), the influence of the m-nitro- 
group in 5-nitro-2-hydroxybenzaldehyde is shown by this com- 
pound yielding 14% of the Hantzsch derivative as the only solid 
product. Similarly, 3-hydroxybenzaldehyde gives a yield of 67% 
(loc. cit.), and the introduction of the 4-nitro-group leads to a 
diminution in yield of 10%, similar to the diminution resulting from 
the introduction of a p-nitro-group into benzaldehyde (loc. cit.). 

The case of 3-nitro-4-hydroxybenzaldehyde is anomalous in that 
the introduction of a m-nitro-group into 4-hydroxybenzaldehyde, 
with which the yield is 68%, (loc. cit.), causes a diminution in yield, 
This may be attributable to an enhancement by the nitro-group of 
any tendency to ionisation of the hydroxyl group ortho to it. Any 
tendency for the oxygen to become anionoid would be a retarding 
influence, since the inductive effect of anionoid oxygen (+ J + 7) 
would act analogously to that of the methyl group (+ J) (loc. cit.). 
This effect is transmitted to a greater extent from the p- than the 
m-position and, if small, might not be observed in the case of a 
m-hyvdroxy-compound with a nitro-group ortho to the hydroxy], 
such as 4-nitro-3-hydroxybenzaldehyde, which, as shown above, 
behaves normally. A similar retarding influence may also be present 
in 5-nitro-2-hydroxybenzaldehyde, since an even higher yield might 
reasonably be expected with this compound. 

6-Nitro-3-hydroxybenzaldehyde presents an anomaly of a different 
type, since while the total yield (51%) is 16% less than with 3-hydr- 
oxybenzaldehyde, comparable with the diminution (12%) caused by 
an o-nitro-group in benzaldehyde (loc. cit.), the product consists of 
a mixture of two compounds, m. p. 214° and 205° respectively, both 
of which give the analytical results required for the dihydropyridine 
derivative. The first compound yields on methylation a methyl 
ether, m. p. 170°, identical with the ethyl 4-(6’-nitro-3’-methoxy- 
phenyl)-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5-dicerboxylate de- 
rived from 6-nitro-3-methoxybenzaldehyde, and is therefore the 
true Hantzsch derivative. The second compound, m. p. 205°, 
yields, on methylation, a compound, m. p. 118°, whith corresponds, 
by analysis, to an isomeride of the methoxydihydropyridine above 
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and can be oxidised to a compound which again appears to be 
isomeric with the normal pyridine derivative, obtained by oxidation 
of the above nitromethoxyphenyldihydropyridine derivative. From 
these facts it would appear, unless some new type of stereoisomerism 
be admitted, that the second compound obtained in the condens- 
ation is a substituted 2-phenyldihydropyridine derivative | (I; 
R = NO,°C,H,°OMe) instead of the 4-phenyl derivative (II), which 
is the normal formulation of the Hantzsch compound and would 
correspond to the compound, m. p. 214°, obtained in this con- 
densation. 


CMe CHR 
my eh a Oe me 
e e e 
Nu NH 


The formula (1) was suggested by Hantzsch (Annalen, 1882, 
215, 1; Ber., 1883, 16, 1946) for the normal condensation product, 
which was, however, shown later to have the constitution (II) 
(Hantzsch, Ber., 1885, 18, 1744, 2579), the aldehyde radical taking 
the y- and not the «-position. 


EXPERIMENTAL. 


Materials.—The following compounds were prepared in accord- 
ance with the authorities quoted: 5-nitro-2-methoxybenzaldehyde 
(Voswinckel, Ber., 1882, 15, 2027; Schnell, ibid,., 1884, 17, 1382), 
3-nitro-4-hydroxybenzaldehyde (Paal, ibid., 1895, 28, 2413) and 
5-nitro-2-hydroxybenzaldehyde (v. Miller, ibid., 1887, 20, 1928), 
although in the last case it was found necessary to crystallise the 
sodium salt of the nitrohydroxybenzaldehyde five times in order 
completely to remove the small quantity of 3-nitro-compound also 
formed. 

The nitration of 3-methoxybenzaldehyde with nitric acid alone 
(compare Tiemann, ibid., 1889, 22, 2342; Rieche, ibid., p. 2349; 
Friedlander and Schreiber, ibid., 1895, 28, 1385) was not satis- 
factory, owing to the ready occurrence of dinitration, and the 
reaction proceeded more smoothly with a mixture of nitric and 
sulphuric acids: 3-Methoxybenzaldehyde (10 g.) was added with 
constant shaking to a water-cooled mixture of nitric acid (d 1-42; 
50 c.c.) and concentrated sulphuric acid (20 c.c.), and the whole 
kept at room temperature for 30 minutes. Pouring into ice-water 
yielded a light yellow solid (13-3 g., 100%), from which 2-nitro-3- 
methoxybenzaldehyde was separated by the method of Rieche 
(loc. cit.). It was not found possible to obtain either, the 4- or 
the 6-nitro-derivative from the mixture (compare Tréger and 
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Fromm, J. pr. Chem., 1925, 111, 217), although Hodgson and 
Beard (J., 1927, 2380) have demonstrated that the 6-nitro-derivative 
is formed. 

The nitration of 3-methoxybenzaldehyde (11 g.) in glacial acetic 
acid (11 ¢c.c.) by addition to a water-cooled mixture of nitric acid 
(d 15; 110 ¢.c.) and glacial acetic acid (55 c.c.) yielded a solid 
(12 g.), from which was obtained, by one crystallisation from 
benzene, 2 : 6-dinitro-3-methoxybenzaldehyde, m. p. 156° (compare 
Hodgson and Beard, loc. cit.). 

In the preparation of 3-nitro-4-methoxybenzaldehyde, difficulty 
was experienced in the nitration of anisaldehyde both with a 
mixture of nitric and sulphuric acids (Einhorn and Grabfeld, 
Annalen, 1888, 243, 370) and with nitric acid alone (Salway, J., 
1909, 95, 1164) owing to oxidation; better yields were obtained 
by employing a mixture of fuming nitric and glacial acetic acids : 
Anisaldehyde (20 g.) in glacial acetic acid (20 c.c.) was added 
gradually to a water-cooled mixture of nitric acid (d 1-5; 200 c.c.) 
and glacial acetic acid (200 c.c.), and the whole poured into water; 
the mixture became hot and the product went into solution. On 
cooling, 3-nitro-4-methoxybenzaldehyde (24 g., 83%) separated, 
m. p. 84°, after washing with warm light petroleum (b. p. 60—80°). 

3-Hydroxybenzaldehyde was nitrated by Pschorr and Seidel’s 
method (Ber., 1901, 34, 4000) : the resulting mixture of isomerides, 
treated according to Friedlinder and Schenck (ibid., 1914, 47, 
3043), yielded 4-nitro- and 6-nitro-3-hydroxybenzaldehydes, but 
the 2-nitro-compound could not be obtained pure. 

Methylation of 6-nitro-3-hydroxybenzaldehyde by means of 
methyl sulphate and sodium hydroxide solution yielded 6-nitro-3- 
methoxybenzaldehyde, m. p. 84° (Tiemann and Ludwig, Ber., 1882, 
15, 2055, give m. p. 82—83°). 

Treatment of 4-nitro-3-methoxybenzaldehyde with either methyl 
sulphate and sodium hydroxide solution or with methyl iodide and 
potassium hydroxide in methyl alcohol (ibid., p. 2054) failed to 
give a satisfactory yield of the methyl ether, which was finally 
prepared by the action of methyl sulphate and sodium bicarbonate 
solution (compare Hodgson and Beard, J., 1926, 153). 

Standard Method of Condensation——The procedure previously 
described (J., 1931, 1839) was adopted throughout. With each 
aldehyde, except 4-nitro-3-methoxybenzaldehyde, the condensation 
was carried out in duplicate, the mean of the two yields being 
the value given in the tables. With 4-nitro-3-methoxybenzaldehyde, 
material sufficient for only one condensation was obtainable. 

Condensations with Nitromethoxybenzaldehydes.—LIthyl 4-(5'-nitro- 
2’-methoxyphenyl) -2 : 6 -dimethyl-1 : 4- dihydropyridine -3 : 5-dicarb- 
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oxylate crystallised from aqueous alcohol in light yellow plates, 
m. p. 221° (Found: OC, 59:2; H, 5-8. OC, 9H,,0,N, requires C, 59-4; 
H, 5:9%). Yields: 15-6 and 15-7 g., 77-2 and 77-7%. 

Ethyl 4-(2'-nitro-3'-methoxyphenyl)-2 : 6-dimethyl-1 : 4-dihydropyrid- 
ine-3 : 5-dicarboxylate crystallised from benzene-light petroleum 
(b. p. 40—60°) in colourless plates, m. p. 137° (Found: C, 59-5; 
H, 58%). Yields: 10-2 and 10-5 g., 50-5 and 52-:0%. 

Ethyl 4-(4'-nitro-3'-methoxyphenyl)-2 : 6-dimethyl-1 : 4-dihydropyrid- 
ine-3 : 5-dicarboxylate crystallised from aqueous alcohol in light 
yellow, rectangular crystals, m. p. 134° (Found: C, 58-9; H, 6-0%). 
Yield: 14-0 g., 69-3%. 

Ethyl 4-(6'-nitro-3'-methoxyphenyl)-2 : 6- dimethyl-1 : 4- dihydropyrid- 
ine-3 : 5-dicarboxylaie crystallised from methyl alcohol in light 
yellow, rhombic plates, m. p. 170° (Found : C, 59-1; H, 6:2; N, 7-3. 
CopH.,O,N, requires N, 6-9%). Yields: 12-6 and 13-1 g., 62-4 and 
64-9%. 

The dihydro-ester (2 g.) was heated under reflux with N-nitric 
acid (100 ¢.c.) until solution was effected. The cooled and filtered 
solution was neutralised with sodium carbonate; the light solid 
which separated crystallised from aqueous alcohol in colourless square 
laminz, m. p. 99°, of ethyl 4-(6’-nitro-3'-methoxyphenyl)-2 : 6-dimethyl- 
pyridine-3 : 5-dicarboxylate (Found: C, 59-1; H, 5-6. C,,H,,0,N, 
requires C, 59-7; H, 5-5%). 

Ethyl 4-(3'-nitro-4’-methoxyphenyl)-2 : 6-dimethyl-1 : 4-dihydropyrid- 
ine-3 : 5-dicarboaxylate crystallised from alcohol in colourless pris- 
matic clusters, m. p. 113° (Found: C, 59-2; H, 58%). Yields: 
15-5 and 15-6 g., 76-7 and 77:2%. 

Condensation with 2 : 6-Dinitro-3-methoxybenzaldehyde.—This was 
attempted, but even after prolonged treatment no separation of 
solid product occurred. | 

Condensations with Nitrohydroxybenzaldehydes.—Ethyl 4-(5'-nitro- 
2’-hydroxyphenyl)-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5-dicarboxyl- 
ate separated from alcohol as a light yellow, crystalline powder, 
m. p. 184° (Found: C, 58-4; H, 5-0; N, 7-9. OC, H,,0,N, requires 
C, 58:5; H, 5-6; N, 7:2%). Yields: 2-5 and 3-1 g., 12-8 and 
159%. 

Ethyl 4-(4'-nitro-3'-hydroxyphenyl)-2 : 6-dimethyl-1 : 4-dihydropyrid- 
ine-3 : 5-dicarboxylate crystallised from alcohol in light yellow 
prisms, m. p. 145° (Found: C, 57-9; H, 54%). Yields: 11-0 and 
11-4 g., 56-4 and 58-5%,. 

Ethyl 4-(3'-nitro-4'-hydroayphenyl)-2 : 6-dimethyl-1 : 4-dihydropyrid- 
ine-3 : 5-dicarboxylate crystallised from alcohol in orange plates, 
m. p. 161° (Found: ©, 57-9; H, 56%). Yields: 12-0 and 11-9 g., 
61-5 and 61-:0%. 
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Condensation with 6-Nitro-3-hydroxybenzaldehyde.—Gradual evapor- 
ation of the reaction mixture yielded two different crystalline com- 
pounds in approximately equal quantities. The compound which 
first separated crystallised from alcohol in dark orange prisms, 
m. p. 205° (Found: C, 57-9; H, 5-6; N, 7-2%). The more soluble 
compound, ethyl 4-(6’-nitro-3'-hydroxyphenyl)-2 : 6-dimethyl-1 : 4-di- 
hydropyridine-3 : 5-dicarboxylate, crystallised from aqueous alcohol 
in small yellow needles, m. p. 214° (Found: C, 58-2; H, 5:7; N, 
7°3%). Total yields: 9-85 and 10-0 g., 50-5 and 513%. Methyl- 
ation of the latter compound by means of methyl sulphate and 
sodium hydroxide solution yielded tle methyl ether, m. p. 170° 
(Found: C, 59-2; H, 6:1; N, 7:1%), which m. p. was unchanged 
by admixture with the ethyl 4-(6’-nitro-3’-methoxypheny]l)-2 : 6- 
dimethyl-1 : 4-dihydropyridine-3 ; 5-dicarboxylate described above. 

Methylation of the compound, m. p. 205°, in a similar manner 
yielded the methyl derivative, which crystallised from aqueous alcohol 
in reddish needles, m. p. 118° (Found: C, 59-6; H, 6-0. C,,H,,0,N, 
requires C, 59-4; H, 5-9%). Oxidation of this methyl derivative, 
by means of N-nitric acid in the manner described above, yielded a 
compound, which crystallised from aqueous methyl alcohol in small 
colourless needles, m. p. 91-5° (Found : C, 59-7; H, 5-7. C,,H,,0,N, 
requires C, 59-7; H, 5-5%). 


The authors wish to express their thanks to the Chemical Society 
for a grant which partly defrayed the cost of this investigation. 


Untversiry COLLEGE oF SWANSEA, 
UNIVERSITY OF WALES. [Received, January 22nd, 1932.] 





144. A New Reaction of Certain Diazosulphonates 
derived from B-Naphthol-l-sulphonic Acid. Part 
X. Preparation of Phthalazine Derivatives from 
4-Aminoazobenzene and 4’-Nitro-4-aminoazobenzene. 


By FrepreRick Maurice Rowe and FREDERIcK Scott TomLinson. 


In testing qualitatively the generality of the reaction by which 
complex phthalazine derivatives are formed from certain diazo- 
sulphonates, we found that the only compounds which gave rise 
to this reaction, and which did not contain a nitro-group, were 
derivatives of 4-aminoazobenzene and its sulphonic acid (J., 1926, 
692). The reaction has now been examined more closely, the 
diazosulphonate from 4-aminoazobenezene being used, and also 
its 4’-nitro-derivative for purposes of comparison. 
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Pure aminoazobenzenes and their derivatives of any desired 
orientation are prepared conveniently by coupling any diazo- 
compound with the w-sodium methanesulphonate of any benzenoid 
amino-compound, followed by hydrolysis with hot dilute hydro- 
chloric acid or with boiling aqueous sodium hydroxide (compare 
Bucherer, D.R.-P. 157,909; Akt. Ges. fiir Anil.-Fabr., D.R.-P. 
131,860). The w-sodium methanesulphonates are formed quantit- 
atively, and coupling, which in some cases is preferably accelerated 
by the use of sodium bicarbonate in place of sodium acetate, and 
subsequent hydrolysis also are almost quantitative. 

Benzeneazobenzene-2-naphthol-l-diazosulphonate is formed 
readily from diazotised 4-aminoazobenzene and f-naphthol-1l- 
sulphonic acid in acid solution, but it does not dissolve in sodium 
carbonate, and the conversion into sodium 1-(benzeneazobenzene- 
azo)-8-naphthaquinone-1-sulphonate is slow. This conversion must 
be allowed to occur completely, however, as even under the best 
conditions sodium hydrogen 3-(benzeneazobenzene)-1 : 3-dihydro- 
phthalazine-1-sulphonate-4-acetate is formed by the subsequent 
action of sodium hydroxide only to a minor extent (yield, 19-3%), 
the principal product being benzeneazobenzeneazo-$-naphthol 
(Sudan III), which is formed by decomposition. The sodium 
hydrogen salt is converted readily into a bariwm salt, but otherwise 
resembles the corresponding nitro-compounds previously prepared 
in general properties, except that its orange-yellow dyeings are 
very sensitive to mineral acids, being coloured deep violet. The 
replacement of the sodium-1l-sulphonate group by hydroxyl, which 
requires care owing to the sparing solubility of the free sulphonic 
acid in presence of mineral acid, gives 1-hydroxy-3-(benzeneazobenz- 
ene)-1 : 3-dihydrophthalazine-4-acetic acid (1), from which esters, an 
acetyl derivative, and an anilide were obtained. 

Sodium hydrogen 3-(4'-nitrobenzeneazobenzene)-1 : 3-dihydrophthal- 
azine-1-sulphonate-4-acetate, as anticipated, is formed much more 
readily (yield, 63-4%) and gives 1-hydroxy-3-(4’-nitrobenzeneazo- 
benzene)-1 : 3-dihydrophthalazine-4-acetic acid, from which an acetyl 
derivative and an anilide were obtained, but the esters are very 
sensitive to acids and have not yet been obtained pure. 

In agreement with the constitutions attributed to them, l-hydroxy- 
3-(benzeneazobenzene)-1 : 3-dihydrophthalazine-4-acetic acid and 
its 4’-nitro-derivative are reduced to 1-hydroxy-3-(4’-aminopheny]l)- 
tetrahydrophthalazine-4-acetic acid (loc. cit., p. 702) and aniline 
or p-phenylenediamine respectively. In the latter case reduction 
proceeds satisfactorily with alkaline hydrosulphite (hyposulphite), 
but in the former case stannous chloride and hydrochloric acid are 
necessary. 
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When 1-hydroxy-3-(4’-nitrophenyl)-1 : 3-dihydrophthalazine - 4- 
acetic acid is boiled with dilute sulphuric acid (b. p. 140°), acetic 
acid is eliminated and 4’-nitro-3-phenylphthalaz-l-one is formed 
(J., 1928, 2553), whereas treatment with cold acid dichromate 
results in decarboxylation of the acetic acid side-chain with form- 
ation of 4’-nitro-3-phenyl-4-methylphthalaz-l-one (J., 1931, 1070). 
In view of these results, the behaviour of 1-hydroxy-3-(benzeneazo- 
benzene)-1 : 3-dihydrophthalazine-4-acetic acid (I) and its 4’-nitro- 
derivative when boiled with dilute sulphuric acid under similar 
conditions is remarkable, for the product in each case is 4’-amino- 
3-phenyl-4-methylphthalaz-1l-one (II) (ibid., p. 1072), together with 
aniline or p-nitroaniline respectively; ¢.g., 

HO. H 


BOS Y ODLO mn, + 
(1.) CH,’ ‘CO,H H, (II.) aniline. 


In neither case was there any trace of the tt phthalazone 
derivative with the azobenzene residue in position 3. It is note- 
worthy, not only that decarboxylation occurred in the present 
instance instead of the elimination of acetic acid as in all other 
examples yet examined, but that fission of the azo-group also 
occurred. We have found only two references in the literature to 
the fission of azo-compounds by acid: Limpricht (Ber., 1882, 15, 
1155) obtained sulphanilic acid, or a mixture of sulphanilic and 
metanilic acids respectively, by heating azobenzene-4 : 4’- or 4: 3’- 
disulphonic acid with dilute hydrochloric acid (1:2) in a sealed 
tube at 150°; and Wallach and Kdlliker (Ber., 1884, 17, 395), in 
investigating the formation of indulines, found that refluxing 
4-aminoazobenzene hydrochloride with hydrochloric acid also gave 
aniline, p-phenylenediamine and various chlorinated quinols. 
These cases were regarded as reductions, but although with 
1-hydroxy-3-(4’-nitrobenzeneazobenzene)-1 : 3-dihydrophthalazine-4- 
acetic acid some p-phenylenediamine also can be detected, the main 
product of this portion of the molecule is p-nitroaniline, so that this 
fission can scarcely be due to reduction, because it would not be 
anticipated that an azo-group would be reduced preferentially in 
presence of a nitro-group. 

In view of the complex nature of these azo-compounds, we have 
also examined qualitatively the behaviour of some simple azo- 
compounds of various types when boiled with dilute sulphuric acid 
and found that a corresponding fission appears to be an unsus- 
pected general reaction of azo-compounds. For example, benzene- 
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azo-$-naphthol and its 4’-nitro-derivative (Para red) give aniline 
and p-nitroaniline respectively, together with a little p-phenylene- 
diamine in the latter case. A comprehensive investigation of this 
reaction is now in progress, and it appears that with ordinary azo- 
dyes the fission is more probably due to hydrolysis than to reduction. 


EXPERIMENTAL. 


Sodium Hydrogen 3-(Benzeneazobenzene)-1 : 3-dihydrophthalazine- 
1-sulphonate-4-acetate.—A filtered solution of commercial 50% 
sodium £-naphthol-l-sulphonate (55 g.) in water (250 c.c.) was 
stirred slowly at 0° into a suspension of the sulphate of diazotised 
4-aminoazobenzene. The latter was obtained by pouring a solution 
of 4-aminoazobenzene (19-7 g.) in cold concentrated sulphuric acid 
(50 c.c.) on ice (200 g.), adding a concentrated aqueous solution of 
sodium nitrite (7-1 g.), and stirring for 2 hours until the sulphate 
of the base was replaced by red crystals of the diazosulphate. The 
benzeneazobenzene-2-naphthol-1-diazosulphonate separated as a 
brown precipitate and the mixture was stirred for 4 hour. The 
precipitate was filtered off, washed free from acid with brine, made 
into a paste with cold water (350 c.c.), and stirred into a cold 
solution of anhydrous sodium carbonate (30 g.) in water (80 c.c.). 
The mixture was left for } hour until the brown suspension was 
replaced by an orange precipitate of sodium 1-(benzeneazobenzene- 
azo)-f-naphthaquinone-1l-sulphonate. The alkaline suspension was 
then added to a cold solution of sodium hydroxide (20 g.) in water 
(40 c.c.); a complete solution was not obtained, and the deep 
brown mixture was left over-night until the colour had changed 
completely to yellowish-brown. The pure product was isolated in 
the usual manner, after separation from much benzeneazobenzene- 
azo-B-naphthol. Sodiwm hydrogen 3-(benzeneazobenzene)-1 : 3-di- 
hydrophthalazine-1-sulphonate-4-acetate (yield, 9-1 g.; 19-3%, calcul- 
ated on the 4-aminoazobenzene) crystallised from alcohol in orange- 
brown leaflets containing 2} mols. of alcohol of crystallisation and 
formed an amorphous black powder after removal of the alcohol 
(Found: loss at 125°, 19-6. C,,H,,O;N,SNa,24C,H,O requires 
C,H,O, 196%. Found in material dried at 125°: S, 6-6. 
C,H ,,0;N,SNa requires 8, 6-8%). It was readily soluble in water, 
but less soluble in alcohol, forming orange-yellow solutions, deepened 
in colour by the addition of alkali. It is a level-dyeing, orange- 
yellow acid dye of good tinctorial power, but fugitive to light and 
very sensitive to mineral acids, which colour it deep violet, although 
the shade is unaltered by acetic acid. On addition of barium 
chloride solution to a boiling solution of the sodium hydrogen salt 
(5 g.) in _— (50 c.c.), the sparingly soluble barium salt separated 
oe) 








1122 ROWE AND TOMLINSON: A NBW REACTION 


in light orange-brown leaflets, which, when recrystallised from 
boiling water, contained 7 mols. of water of crystallisation, and 
formed a black semi-crystalline powder after removal of the water 
[Found: loss at 125°, 10-9. (C,.H,,0;N,8),Ba,7H,O requires 
H,0, 10-85%. Found in material dried at 125°: 8, 6-3; Ba, 13-0. 
(C,,H,,0;N,8),Ba requires 8, 6-2; Ba, 13-2%]. 

1-Hydroxy-3-(benzeneazobenzene)-1 : 3-dihydrophthalazine - 4 - acetic 
Acid (I).—A solution of the preceding sodium hydrogen salt (20 g.) 
in water (200 c.c.) was boiled, and concentrated hydrochloric acid 
(5 ¢.c.) added drop by drop (to avoid precipitation of the free 
sulphonic acid) until sulphur dioxide was evolved steadily and an 
oil separated. Concentrated hydrochloric acid (35 c.c.) was then 
added gradually, and boiling continued until the evolution of sulphur 
dioxide had ceased and the product had formed a light brown 
powder. The latter was washed with boiling water, dissolved in 
dilute sodium carbonate solution, boiled (charcoal); and filtered, and 
the filtrate precipitated with acetic acid. 1-Hydroxy-3-(benzeneazo- 
benzene)-1 : 3-dihydrophthalazine-4-acetic acid crystallised from ethyl 
acetate in orange-yellow plates or flat needles, m. p. 177° (yield, 
10-5 g.; 642%) (Found: C, 68-6; H, 4-7; N, 14:5. ©,,H;,03;N, 
requires OC, 68-4; H, 4-7; N, 14:5%), readily soluble in alcohol, 
acetone, or glacial acetic acid, but very sparingly soluble in benzene. 
It was very sparingly soluble in water, forming a solution acid to 
litmus, but dissolved in sodium carbonate with an orange-brown 
colour, in sodium hydroxide with a deep red colour, and in 
cold concentrated sulphuric acid with an orange colour, being 
reprecipitated unaltered on dilution. 

Derivatives of 1-Hydroxy-3-(benzeneazobenzene)-1 : 3-dihydrophthal- 
azine-4-acetic Acid.— Methyl ester. A solution of the acid (3 g.) in 
dry methyl alcohol (50 c.c.) was saturated with dry hydrogen 
chloride at 0°, left over-night, and then boiled under reflux for 
2 hours. The alcohol was removed, and the resinous residue 
repeatedly taken up with dry methyl alcohol and evaporated under 
reduced pressure until all trace of acid was removed. The ester 
then crystallised from methyl alcohol in long orange-yellow needles, 
m. p. 153° (Found: C, 68:8; H, 5-0; N, 14-15. C,,H,,0,N, 
requires C, 69-0; H, 5-0; N, 140%). The ethyl ester, similarly 
prepared (60 c.c. of ethyl alcohol), crystallised from ethyl aleohol 
in stout orange prisms, m. p. 142—143° (Found: C, 69-55; H, 5-5; 
N, 13-6. ©,,H,,03N, requires C, 69-6; H, 5-3; N, 135%). Both 
esters were insoluble in sodium carbonate solution, but dissolved 
in hot sodium hydroxide with a deep red colour. The acetyl deriv- 
ative crystallised from alcohol in orange-brown plates, m. p, 229° 
(Found : O, 67-4; H, 4:75; N, 13-0. ©,,H,,.0,N, requires C, 67:3; 
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H, 47; N, 131%). It dissolved in hot sodium carbonate solution 
with a yellow colour and in cold sodium hydroxide with a deep red 
colour. The anilide crystallised from ethyl acetate in flat orange 
prisms or plates, m. p. 250° (Found: C, 72-95; H, 5-1; N, 15-1. 
CygHo30,N, requires OC, 72-9; H, 5-0; N, 15-2%), insoluble in 
sodium hydroxide. 

Reduction of 1-Hydroxy-3-(benzeneazobenzene)-1 : 3-dihydrophthal- 
azine-4-acetic Acid.—The finely powdered acid (4 g.) was added to 
a boiling solution of stannous chloride (16 g.) in concentrated 
hydrochloric acid (40 c.c.) and boiled for + hour until completely 
dissolved. After cooling, the colourless solution was rendered 
alkaline with sodium hydroxide and filtered, the precipitate washed 
with sodium carbonate, and dilute hydrochloric acid added to the 
united filtrate and washings until an almost white precipitate had 
separated completely. This crystallised from a large volume of 
boiling water in colourless prisms, m. p. 239° (yield, 2:2 g.; 71%), 
not depressed by admixture with 1-hydroxy-3-(4’-aminopheny])- 
tetrahydrophthalazine-4-acetic acid (J., 1926, 702) and identical 
with the latter in all respects. The filtrate from which this com- 
pound was isolated was rendered alkaline and distilled with steam. 
The distillate contained aniline, confirmed by conversion into 
acetanilide, m. p. 115°. Reduction with alkaline sodium hydro- 
sulphite (hyposulphite) also gave some aniline, but 1-hydroxy-3- 
(4’-aminopheny])tetrahydrophthalazine-4-acetic acid could not be 
isolated from the mixture in this case. 

Action of Boiling Aqueous Sulphuric Acid on 1-Hydroxy-3-(benzene- 
azobenzene)-1 : 3-dihydrophthalazine-4-acetic Acid.—A solution of the 
acid (10 g.) in concentrated sulphuric acid (50 c.c.) was diluted with 
water (60 c.c.) and boiled (b. p. 140°) under reflux. A violet-red 
solution was soon obtained, which gradually changed to red, and was 
almost colourless after 14 hours’ boiling. The mixture was diluted 
with water (200 c.c.), boiled (charcoal), and filtered, and the filtrate 
neutralised with sodium hydroxide and then rendered strongly 
alkaline with sodium carbonate. The brownish-yellow precipitate 
crystallised first from alcohol and then from pyridine in yellow 
needles, m. p. 277°, not depressed by admixture with 4’-amino-3- 
phenyl-4-methylphthalaz-l-one (II) (J., 1931, 1072); the identity 
was confirmed by conversion into the acetyl derivative, colourless 
prismatic needles, m. p. and mixed m. p. 316—317° (loc. cit.). 

Sodiwm Hydrogen 3-(4’-Nitrobenzeneazobenzene)-1 : 3-dihydrophthal- 
azine-1-sulphonate-4-acetate—This was prepared from 4’-nitro-4- 
aminoazobenzene (24 g.) suspended in concentrated hydrochloric 
acid (70 ¢.c.) and water (250 c.c.), and diazotised in the usual way, 
but otherwise the procedure was similar to that employed for the 
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corresponding un-nitrated compound (loc. cit.). 4’-Nitrobenzene- 
azobenzene-2-naphthol-1-diazosulphonate separated as a red pre- 
cipitate, which did not dissolve in sodium carbonate solution, 
although the colour deepened. With sodium hydroxide the tem- 
perature rose several degrees and the deep brown mixture was 
left over-night until the colour had changed completely to deep 
red. The product was isolated as usual, after separation from 
4’-nitrobenzeneazobenzeneazo-#-naphthol. Sodium hydrogen 3-(4’- 
nitrobenzeneazobenzene) -1 : 3-dihydrophthalazine- | - sulphonate-4-acet- 
ate (yield, 32-5 g.; 63-4%) crystallised from alcohol in small red 
prisms containing 14 mols. of alcohol of crystallisation and formed 
an amorphous, deep blackish-red powder after removal of the 
alcohol (Found: loss at 125°, 11-9. C,,.H,,0,N,;SNa,14C,H,O 
requires C,H,O, 11-8%. Found in material dried at 125°: 8, 6-4. 
C,H, ,0,N,SNa requires 8, 6-2%). It was readily soluble in water 
and moderately readily soluble in alcohol, forming orange-red 
solutions, deepened in colour by the addition of alkali. It is a 
level-dyeing orange-red acid dye of good tinctorial power, but 
fugitive to light and very sensitive to mineral acids, which colour 
it deep violet to blue according to the concentration. 

1-Hydroxy-3-(4'-nitrobenzeneazobenzene)-1 : 3-dihydrophthalazine-4- 
acetic Acid.—This was prepared from the preceding sodium hydrogen 
salt (75 g.). It crystallised from ethyl acetate in red plates, m. p. 
222—223° (yield, 35 g.; 56%) (Found: C, 61-2; H, 4-1; N, 16-35. 
Ca2H,,0;N, requires C, 61-25; H, 3-9; N, 16-2%), readily soluble 
in alcohol, acetone or glacial acetic acid, but sparingly soluble in 
benzene. It was very sparingly soluble in water, forming a solution 
acid to litmus, but dissolved in sodium carbonate with a brownish- 
red colour (cold) or blue (hot), and in cold sodium hydroxide with 
a deep blue colour. It dissolved in cold concentrated sulphuric 
acid with a magenta-red colour, being reprecipitated unaltered on 
dilution. The esters are very sensitive to acids and have not yet 
been obtained pure. The acetyl derivative, obtained by refluxing 
with equal volumes of acetic anhydride and pyridine, crystallised 
from ethyl acetate in small, bright red prisms, m. p. 197° (decomp.) 
(Found: C, 60-95; H, 4:0; N, 14:7. C,,H,,O,H; requires C, 60-9; 
H, 4:0; N, 148%). It dissolved in hot sodium carbonate solution 
with a yellowish-brown colour and in cold sodium hydroxide with 
a deep blue colour. The anilide crystallised first from toluene and 
then from ethyl acetate in brick-red prisms, m. p. 281° (decomp.) 
(Found: C, 66-35; H, 4:4; N, 16-5. C,,H,.0,N, requires C, 66-4; 
H, 4-35; N, 16-6%), insoluble in sodium hydroxide. 

Reduction of 1-Hydroxy-3-(4'-nitrobenzeneazobenzene)-1 : 3-dihydro- 
phthalazine-4-acetic Acid.—Hydrosulphite was added gradually to a 
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solution of the acid (5 g.) in water (75 c.c.) and sodium hydroxide 
(5 g.) at 90° until the deep blue colour had changed through red to 
yellow, the mixture being kept alkaline throughout by the addition 
of sodium hydroxide. The solution was filtered, and hydrochloric 
acid added to the cold filtrate until a white precipitate had separated 
completely. This crystallised from a large volume of boiling water 
in colourless prisms, m. p. 239° (yield, 1-8 g.; 51-9%), not depressed 
by admixture with 1-hydroxy-3-(4’-aminophenyl)tetrahydrophthal- 
azine-4-acetic acid. The filtrate from which this compound was 
isolated contained p-phenylenediamine. This was isolated in the 
usual way and identified by conversion into the diacetyl derivative, 
m, p. and mixed m. p. 305°. 

Action of Boiling Aqueous Sulphuric. Acid on 1-Hydroxy-3- 
(4’-nitrobenzeneazobenzene)-1 : 3-dihydrophthalazine-4-acetic Acid.— 
The reaction was carried out under similar conditions to those 
described for the corresponding unnitrated compound (p. 1123), 
except that boiling was continued for 2 hours. The precipitate, 
isolated as before, consisted of a mixture of two compounds, which 
were readily separated by means of their difference in solubility 
in ethyl acetate. The more soluble compound crystallised from 
water in yellow prismatic needles, m. p. 147°, and was p-nitro- 
aniline, as it did not depress the m. p. of the latter, and acetylation 
gave p-nitroacetanilide, m. p. and mixed m. p. 210°. The less 
soluble compound crystallised from pyridine in yellow needles, 
m. p. 277°, not depressed by admixture with 4’-amino-3-pheny]-4- 
methylphthalaz-l-one; acetyl derivative, m. p. and mixed m. p. 
316—317°. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
LEEDS UNIVERSITY. [Received, January 26th, 1932.] 





145. Syntheses of Alkylphenanthrenes. Part I. 
]-, 2-, 3-, and 4-Methylphenanthrenes. 


By Rosert Downs Hawortu. 


THE condensation of naphthalene with succinic anhydride in the 
presence of anhydrous aluminium chloride was first investigated 
by Giua (Rend. Soc. chim. ital., 1912, 9, 239), who isolated 6-1- 
naphthoylpropionic acid (I; R =H) and §-2-naphthoylpropionic 
acid (Il; R =H), but the only available reference to this work 
(Ber., 1914, 47, 2115) gives no statement of yield or the method 
employed in the separation of the isomerides. Borsche and Sauern- 
heimer (Ber., 1914, 47, 1645) isolated small quantities of the second 
acid only from the reaction, and Krollpfeiffer and Schafer (Ber., 
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1923, 56, 620) were unable to separate the acids produced. The 
acids (I) and (II) (R = H) have now been obtained in good yield 
and in approximately equal quantities by the use of nitrobenzene 
instead of carbon disulphide or benzene as solvent: they are 
identical with the acids prepared indirectly by Krollpfeiffer and 
Schafer (loc. cit.) and by Schroeter, Miiller, and Huang (Ber., 1929, 
62, 645). 


(I.) O-CH,CHR-CO,H 
O-CH,°CHR-CO,H (II.) 

The keto-acids (I) and (II) (R = H) were reduced by Clemmen- 
sen’s method to the corresponding y-naphthylbutyric acids (com- 
pare Schroeter, Miiller, and Huang, Joc. cit.), which were converted 
in 70—75% yields into 1-keto- and 4-keto-1 : 2:3 : 4-tetrahydro- 
phenanthrene (III and IV; R = H), respectively, by the action 
of 85% sulphuric acid at 100°. This method is much more con- 
venient and gave better results than that adopted by Schroeter, 
Miller, and Huang. Either cyclic ketone (III or IV; R =H) was 
reduced by amalgamated zinc and hydrochloric acid to 1:2:3: 4- 
tetrahydrophenanthrene, which was converted into phenanthrene 
by dehydrogenation with selenium at 300° in 50% yield. 

1-Methylphenanthrene (V) has been prepared by condensing 
1-keto-1 :2:3:4-tetrahydrophenanthrene (III; R=H) with 
methylmagnesium iodide in ethereal solution. The resulting 
carbinol lost water readily, yielding a mixture of hydrocarbons, 
which on treatment with selenium gave 1-methylphenanthrene, 
m. p. 118°, described previously by Pschorr (Ber., 1906, 39, 3111), 
whose constants for the hydrocarbon and its derivatives are slightly 
higher than those now recorded. 


iGO CH, Os CH, 
‘ °CHR : CH, 6 x CH, 
NG no Yo 


4 
\ 
Mf, CHR : 
(III.) (IV.) ate (VI.) 


4-Methylphenanthrene has been prepared in a similar manner 
from 4-keto-1 : 2:3: 4-tetrahydrophenanthrene. In this case the 
carbinol (VI) was isolated as a crystalline substance, which was 
readily converted into a hydrocarbon mixture by the action of heat 
or anhydrous formic acid. When the hydrocarbon mixture was 


dehydrogenated with selenium, 4-methylphenanthrene, m. p. 49— 
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50°, was isolated, and its picrate, m. p. 141°, styphnate, m. p. 135°, 
quinone, m. p. 187°, and quinowaline, m. p. 178°, have been prepared. 
After this hydrocarbon had been synthesised, Radcliffe, Sherwood, 
and Short (J., 1931, 2293) published a synthesis of 4-methylphen- 
anthrene, essentially similar to that outlined above, but describe 
the hydrocarbon as a solid, m. p. 117°, and the melting points of 
the picrate,. styphnate, quinone, and quinoxaline are given as 
125°, 144°, 187°, and 177° respectively. The divergence between 
the melting points of the hydrocarbon and its picrate and the 
agreement of those of the quinone and quinoxaline suggested that 
the compound, m. p. 49—50°, might be a hydrogenated phen- 
anthrene, The analytical figures do not support this view, and 
prolonged treatment (24 hours) with selenium failed to affect the 
melting point. The work of Radcliffe; Sherwood, and Short has 
been repeated and the 4-methylphenanthrene obtained melted at 
49—50°. Furthermore, identity was established between the 
intermediate products and the corresponding substances obtained 
as previously described. 

The possibility of synthesising 2- and 3-alkylphenanthrenes from 
l-keto- and 4-keto-l ;2:3:4-tetrahydrophenanthrene has been 
examined. The cyclic ketones (III and IV; R =H) condense 
with ethyl oxalate in the presence of potassium ethoxide, yielding 
ethyl, 1-keto-1 : 2: 3 : 4-tetrahydrophenanthrene-2-glyoxylate and ethyl 
4-keto-1 : 2: 3 : 4-tetrahydrophenanthrene-3-glyoxylate, respectively, as 
bright yellow, crystalline compounds. Attempts to convert these 
into the desired 8-ketonic esters by the action of heat has so far 
proved unsuccessful. When, however, ethyl 1-keto-1:2:3:4- 
tetrahydrophenanthrene-2-glyoxylate was treated with methyl 
iodide and potassium methoxide, and the neutral product distilled, 
1-keto-2-methyl-1 : 2 : 3 : 4-tetrahydrophenanthrene (IIT; R = Me) 
was isolated. The hydrolysis of the glyoxylate side chain under 
these circumstances is analogous to the action of potassium meth- 
oxide on disubstituted acetoacetic esters (Dieckmann, Ber., 1900, 
33, 2670). The yield of (III; R = Me) was very small and the 
reaction between naphthalene and methylsuccinic anhydride was 
therefore investigated. Two acids were separated by crystallis- 
ation from glacial acetic acid. On oxidation with warm sodium 
hypobromite the less soluble acid, m. p. 166°, gave ®-naphthoic acid 
and the more soluble acid, m. p. 124°, gave «-naphthoic acid. That 
the two acids are (-2-naphthoyl- and (-1-naphthoyl-isobutyric acid 
(II and I; R= Me), respectively, and not the alternatively 
possible derivatives of n-butyric acid, has been determined by 
independent syntheses. §-Naphthyl chloromethyl ketone (Schroeter, 
Miller, and Huang, loc, cit.) was condensed with ethyl sodiomethyl.- 





1128 HAWORTH: SYNTHESES OF ALKYLPHENANTHRENES. PART I. 


malonate in benzene solution; the product, after hydrolysis and 
heating at 180°, gave an acid, m. p. 166°, identical with the less 
soluble acid (IIT; R = Me). Ina similar manner «-naphthyl chloro- 
methyl ketone was converted into an acid, m. p. 124°, identical 
with the more soluble acid (I; R= Me). In the condensation 
of methylsuccinic anhydride with naphthalene, the greater reactivity 
of the carbonyl group adjacent to the methylene group is apparent, 
and a similar behaviour is observed in the reaction of methylsuccinic 
anhydride with benzene (Oppenheim, Ber., 1901, 34, 4228; Mayer 
and Stamm, ibid., 1923, 56, 1424). The reaction being assumed 
to depend upon addition to kationoid carbon, an explanation follows 
from considerations of the electron-repelling effect of the methyl 
group, which would reduce the reactivity of the carbon of the 
$-carbonyl group (8 + is greater than 3’ +). 


8-0 H 
tt 
+C—OH, nt—on, Me 
R-H + —+ 0 be —+» R-CO-CH,-CH-CO,H 
«30 <CH<Me Ng HMe 
x-O O 
8-1-Naphthoylisobutyric acid was reduced by Clemmensen’s 
method to y-l-naphthyl-«-methylbutyric acid, which was converted 
into 1-keto-2-methyl-1 : 2 : 3 : 4-tetrahydrophenanthrene (III; R = 
Me) by the action of sulphuric acid. This ketone was reduced and 
the product dehydrogenated to yield 2-methylphenanthrene, m. p. 
55—56°, identical with the hydrocarbon prepared by Klinckhard 
(Annalen, 1911, 379, 375). Ina similar manner $-2-naphthoyliso- 
butyric acid was converted into y-2-naphthyl-x-methylbutyric acid, 
4-keto-3-methyl-1 : 2 : 3: 4-tetrahydrophenanthrene (IV; R= Me), 
and 3-methylphenanthrene, m. p. 63°, which was identical with the 
hydrocarbon obtained by Pschorr (loc. cit.). 
The condensation of succinic anhydride with substituted 
naphthalenes is being investigated. 


EXPERIMENTAL. 

General Methods —The Clemmensen reduction processes were 
carried out as follows: The keto-compound (1 part), amalgamated 
zinc (5 parts), and concentrated hydrochloric acid (5 vols.) were 
boiled gently for 12 hours, the mixture was then diluted with water, 
and the product isolated by ether extraction or filtration. In the 
ease of keto-acids, the reduction product was usually contaminated 
with zinc salts and was purified by dissolving it in sodium carbonate 
solution and acidifying the filtered solution. 

For the conversion of the y-naphthylbutyric acids into ketotetra- 
hydrophenanthrenes, the finely powdered acid (1 part) was added 
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gradually with stirring to a mixture of concentrated sulphuric acid 
(3 vols.) and water (1 vol.) and after 1 hour’s heating on the water- 
bath the red solution was cooled, diluted with water, and extracted 
with ether. The extract was washed with water, which removed 
traces of coloured sulphonation product, then with dilute ammonia 
solution, and dried with anhydrous potassium carbonate, the solvent 
removed, the residue distilled at 0-5 mm., and the distillate crystal- 
lised from a suitable solvent. 

Dehydrogenation with selenium was achieved as follows: The 
hydrogenated compound (1 part) and finely powdered selenium 
(1-25 parts) were heated in a metal-bath at 300—340° for 24 hours. 
The product was extracted thoroughly with ether, the solvent 
removed, and the brown residue distilled over sodium at about 
0-5 mm., and finally recrystallised. 

The methylphenanthrenes were converted into the methylphen- 
anthraquinones under the following conditions: A solution of 
chromic anhydride (2-5 parts) in acetic acid (4 vols.) and water 
(2 vols.) was gradually added to a solution of the hydrocarbon 
(1 part) in acetic acid (5 vols.) at 60—70°. The mixture was 
warmed for 1 hour on the water-bath and diluted with water, and 
the quinone collected, washed with ether, and recrystallised from 
alcohol. The quinoxalines were prepared by warming molecular 
proportions of o-phenylenediamine and the quinone in alcoholic 
solution for 1 hour on the water-bath. 

8-1-Naphthoyl- and §-2-Naphthoyl-propionic Acids (I and II; 
R = H).—A mixture of naphthalene (40 g.) and succinic anhydride 
(20 g.) was added to a cold solution of aluminium chloride (55 g.) 
in nitrobenzene (150 c.c.). After 12 hours, dilute hydrochloric acid 
was added and the nitrobenzene and excess of naphthalene were 
removed in steam. The residue, which crystallised on cooling, was 
washed with water and dissolved in warm aqueous sodium carbonate, 
and the filtered solution acidified. The liberated acids were re- 
crystallised from glacial acetic acid. The first crop (14-5 g.), m. p. 
165—171°, consisting of almost pure 8$-2-naphthoylpropionic acid, 
recrystallised from methyl alcohol, yielded the pure acid (13-3 g.), 
m. p. 171—173° (S., M., and H., loc. cit., give 174°), and a small 
quantity of impure acid, m. p. 160—170°. The acetic acid mother- 
liquors were diluted with boiling water (3 vols.), carbon added, 
and the liquid filtered and cooled. The crystals which separated 
were recrystallised twice from methyl alcohol, yielding 6-1- 
naphthoylpropionic acid (16 g.), m. p. 129—131° (S., M., and H., 
loc. cit., give 131—132°). The y-1- and y-2-naphthylbutyric acids 
prepared from the two keto-acids were purified by distillation at 
0-2 mm. (yields, 70%) and crystallised from light petroleum (b. p. 
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60—80°); the: 1-naphthyl-acid melted at 106—107° and the 
2-naphthyl-acid at 94—95° (S., M., and H., loc. eit., give 106° 
and 95° respectively). 

1-Keto-1 : 2: 3 : 4-tetrahydrophenanthrene (III; R = H) separ- 
ated from chloroform-light petroleum in colourless plates, m. p. 
95—96°, and 4-keto-1:2:3:4-tetrahydrophenanthrene (IV; 
R = H) from methyl alcohol in needles, m. p. 69°. 

Ethyl 1-Keto-1: 2:3: 4-tetrahydrophenanthrene-2-glyoxylate and 
Ethyl 4-Keto-1 : 2:3 : 4-tetrahydrophenanthrene-3-glyoxylate-—Ethy] 
oxalate (1-4 g.) was added to a solution of 1-keto-1 : 2:3: 4-tetra- 
hydrophenanthrene (2 g.) and potassium ethoxide (from 0-4 g. of 
potassium) in ether (40 c.c.). A yellow solid rapidly separated and 
after 12 hours water was added and the aqueous layer acidified with 
dilute hydrochloric acid. The yellow solid was collected and 
erystallised from methyl alcohol; ethyl 1-keto-1 : 2 : 3 : 4-tetrahydro- 
phenanthrene-2-glyoxylate separated in yellow needles (2 g.), m. p. 
84—85° (Found: C, 72-8; H, 5-5. C,,H,,0, requires C, 73-0; 
H, 55%). 4-Keto-1:2:3:4-tetrahydrophenanthrene was con- 
verted in a similar manner into ethyl 4-keto-1 : 2 : 3 : 4-tetrahydro- 
phenanthrene-3-glyoxylate, which crystallised from methyl alcohol 
in bright yellow plates, m. p. 73—74° (Found: C, 72-8; H, 56%). 
Attempts to distil these esters under diminished pressure caused 
profound decomposition. 

1-Methylphenanthrene (V).—1-Keto-l : 2: 3: 4-tetrahydrophen- 
anthrene (4 g.) was condensed with methylmagnesium iodide (from 
magnesium, 0-5 g., and methyl iodide, 3 g.) in ethereal solution 
(40 c.c.), the mixture finally being gently boiled for 1 hour. The 
product was decomposed with dilute sulphuric acid, the ethereal 
layer separated and dried with anhydrous potassium carbonate, and 
the solvent removed. The semi-solid residue (A) yielded a picrate 
in hot methyl-alcoholic solution, from which it separated in scarlet 
needles, m. p. 127—128°, which gave analytical figures in agreement 
with the loss of a molecule of water from the carbinol (Found : 
C, 59-4; H, 4:1. ©,,H,,0,N, requires C, 59-6; H, 4:1%). The 
semi-solid residue (A) was completely dehydrated to an oil, either 
by warming on the water-bath with formic acid or by distillation 
at 0-3 mm. The product (4 g.), heated with selenium, yielded 
1-methylphenanthrene, which crystallised from alcohol in colourless 
plates (2 g.),m. p. 118° (Found : C, 93-7; H, 6-3. Calc. for C,;Hy, : 
C, 93-75; H, 6-25%). The picrate melted at 135—136° (Found : 
C, 59-6; H, 3-7. Cale. for C,,H,,0,N,: C, 59-9; H, 3-6%), the 
styphnate at 149—150°, the quinone at 191°, and the quinoxaline 
at 177°. Pschorr (loc. cit.) gives 123°, 139°, and 196° (corr.) for 
hydrocarbon, picrate, and quinone respectively. 
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4 - Methylphenanthrene. — 4 - Keto- 1: 2:3: 4- tetrahydrophen- 
anthrene (4 g.) was condensed with methylmagnesium’ iodide as 
described above. After removal of the ether, the product, which 
solidified, was crystallised from light petroleum (b. p. 60—80°), 
from which 4-hydroxry-4-methyl-1 : 2 : 3 : 4-tetrahydrophenanthrene 
(VI) separated in rectangular plates, m. p. 111—112° (Found: 
C, 84:7; H, 7-6. C,,;H,,0 requires C, 84:9; H, 7-6%). In cold 
methyl-alcoholic solution the carbinol was converted into a picrate ; 
bright yellow needles, m. p. 96—98° (Found: C, 57:0; H, 46. 
C,,H,,0,N, requires C, 57-1; H, 44%). This picrate regenerated 
the carbinol (V1) on treatment with cold ammonia solution, but 
continued heating at 100° resulted in dehydration and the crystals 
became scarlet. Further, when the carbinol (V1) was mixed with 
picric acid in hot methyl alcohol, dehydration occurred and a 
picrate, m. p. 110°, separated in scarlet plates (Found: C, 59-6; 
H, 4-3. C,,;H,,0,N, requires C, 59-6; H, 41%). This picrate 
gave an oily hydrocarbon on treatment with ammonia. The 
carbinol (VI) was dehydrated by warming on the water-bath with 
formic acid, and the product (4 g.) distilled at 0-3 mm. and de- 
hydrogenated with selenium. 4-Methylphenanthrene, which crystal- 
lised from alcohol in colourless plates, m. p. 49--50°, was obtained 
(Found: C, 93-6; H, 6-2. C,;H,, requires C, 93°75; H, 6-25%). 
The picrate separated from methyl alcohol in slender orange needles, 
m. p. 140—141° (Found: C, 59-7; H, 3-8. C,,H,,0,N, requires 
C, 59-9; H, 36%). The styphnate, m. p. 135°, separated from 
alcohol in orange needles. The quinone crystallised from alcohol 
in orange plates, m. p. 187° (Found: C, 80-8; H, 47. ©,,H,,0, 
requires C, 81:1; H, 45%). The quinoxaline derivative crystallised 
from alcohol in pale yellow needles, m. p. 178° (Found: C, 84-6; 
H, 4-9. ©,,H,,N, requires C, 85-7; H, 4:8%). 

8-2- and B-1-Naphthoylisobutyric Acids (II and I; R = Me):.—A 
mixture of naphthalene (20 g.) and methylsuccinic anhydride (10 g.) 
was added to a solution of aluminium chloride (24 g.) in nitrobenzene 
(50 c.c.) and after 24 hours the products were isolated as described 
on p. 1129; 5-8 g. of the acid (Il; R = Me) and 6-0 g. of the acid 
(I; R = Me) were obtained. §-2-Naphthoylisobutyric acid separated 
from hot glacial acetic acid or hot methyl alcohol in colourless plates, 
m. p. 165—166° (Found: ©, 740; H, 60. C,;H,,O; requires 
C, 74-4; H, 58%). 

8-Naphthyl chloromethyl ketone was condensed with ethyl 
sodiomethylmalonate (1-25 mols.) in boiling benzene solution, the 
mixture decomposed with water and dried, the benzene removed, 
and the residual oil hydrolysed by warming with a slight excess of 
methyl-alcoholic potassium hydroxide, The product was diluted 











nar Sat 








1132 HAWORTH: SYNTHESES OF ALKYLPHENANTHRENES. PART I. 


with water, the alcohol removed, and the residue acidified and 
extracted with ether. The extract was dried, the solvent removed, 
the residue heated at 180°, until evolution of carbon dioxide ceased, 
and then crystallised from acetic acid; the 2-naphthoyl-acid 
separated in colourless plates, m. p. 165—166°, identical with the 
above. 

8-1-Naphthoylisobutyric acid separated from methyl alcohol in 
colourless needles, m. p. 123—124° (Found : C, 74-1; H, 5-7%). 

y-2-Naphthyl-«-methylbutyric acid, prepared in 75% yield from 
the 2-naphthoyl acid by the Clemmensen process, crystallised from 
light. petroleum (b. p. 60—80°) in rosettes of needles, m. p. 85—86° 
(Found : C, 78:7; H, 7-0. C,,H,,0, requires C, 78-9; H, 7-1%). 

y-1-Naphthyl-«-methylbutyric acid, prepared similarly, crystallised 
from light petroleum-ether in colourless prisms, m. p. 90° (Found : 
C, 78-6; H, 7-2%). 

1-Keto-2-methyl-1 : 2 : 3 : 4-tetrahydrophenanthrene (IIL; R = Me). 
—(a) Ethyl 1-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene-2-glyoxylate 
(2 g.) was heated with potassium methoxide (from 0-4 g. of potassium) 
and methyl iodide (2 g.) in methyl-alcoholic solution (25 ¢.c.) for 6 
hours. After dilution with water, the solution was extracted with 
ether, and the extract washed with dilute sodium hydroxide solution, 
dried, and distilled at 0-3 mm. The distillate (0-25 g.), which solidi- 
fied on cooling, was crystallised from ether—light petroleum (b. p. 
40—60°). 

(b) y-1-Naphthyl-«-methylbutyric acid, cyclised in the usual way 
with 85% sulphuric acid, gave the ketone in 70% yield. 

1-Keto-2-methyl-1 : 2 : 3 : 4-tetrahydrophenanthrene, prepared by 
either method (a) or (b), crystallised in rhombic plates, m. p. 75— 
76° (Found : C, 85-8; H, 6-7. C,;H,,0 requires C, 85-7; H, 6-7%). 
The picrate crystallised from methyl alcohol in yellow nodules, 
m. p. 104°, and the semicarbazone from alcohol in small needles, 
m. p. 250—252°. 

4-Keto-3-methyl-1 : 2 : 3 : 4-tetrahydrophenanthrene (IV; R = Me), 
prepared in 70% yield by the action of sulphuric acid on y-2- 
naphthyl-«-methylbutyric acid, crystallised from ether-light petrol- 
eum (b. p. 40—60°) in colourless plates, m. p. 64—65° (Found : 
C, 85-7; H, 6-5%). 

3-Methylphenanthrene, prepared by reducing the ketone (IV; 
R = Me) with amalgamated zinc and dehydrogenating the product 
with selenium, crystallised from concentrated alcoholic solutions 
in colourless needles and from more dilute solutions in stout prisms, 
either form melting at 62—63° (Found: C, 94:0; H, 6-2. Calc. 
for C,,H,,: C, 93-7; H, 62%). The picrate crystallised from 
alcohol in bright yellow needles, m. p. 137—138° (Found : C, 59:5; 
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H, 3:6. Calc. for C,,H,,0,N,: C, 59-9; H, 36%), the quinone 
from alcohol in orange plates, m. p. 205—206° (Found: C, 80-7; 
| H, 4:8. C©,;H,)0, requires C, 81-1; H, 4-5%), and the quinowaline 
derivative from glacial acetic acid in pale yellow needles, m. p. 
207—208° (Found: C, 85-8; H, 5-0. C,,H,,N, requires C, 85-7; 
H, 48%). Pschorr (loc. cit.) gives m. p. 65° and 141° for the 
hydrocarbon and picrate respectively. 

2-Methylphenanthrene, prepared similarly from the ketone 
(III; R = Me), crystallised from alcohol in colourless needles, 
m. p. 55—56° (Klinckhard, loc. cit., gives 52—53°) (Found: C, 
93-8; H, 6-2%). The picrate crystallised from methyl alcohol in 
yellow needles, m. p. 118—119° (Found: C, 596; H, 3-7: 
C,,H,,0,N, requires C, 59-9; H, 3-6%), the quinone from alcohol 
in large orange plates, m. p. 147—148° (Found: C, 80-7; H, 48. 
C,5H,,0, requires C, 81-1; H, 4-5%), and the quinoxaline derivative 
from alcohol in long, pale yellow needles, m. p. 186—188° (Found : 
C, 85-4; H, 5-1. C,,H,,N, requires C, 85-7; H, 48%). 


























The author’s thanks are due to Mr. C. R. 8. Tenniswood, M.Sc., for 
the analytical results. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, January 29th, 1932.] 








146. Some Derivatives of d-Nor-}-ephedrine. 
By Jean MircHetL Stratton and ForsytaH James WILson. 


OvR intention was to prepare an active semicarbazide, d-nor- 
%-ephedrinoformylhydrazide, CHPh(OH)-CHMe-NH-CO-NH’'NH,, 
and to utilise it for the resolution of benzoin (compare Hopper and 
Wilson, J., 1928, 2483) and of p-methoxyhydratropaldehyde (com- 
pare Betti, Ber., 1930, 63, 874). The hydrochloride of this hydrazide 
was prepared, but was found to be unsuitable for the purpose, since 
oily products only were obtained when the resolutions were attempted. 
It seems desirable, however, to report on some derivatives of d-nor- 
y-ephedrine obtained in the course of the work. 

It was expected that a semicarbazone, when heated with d-nor- 
-ephedrine (Gibson and Levin, J., 1929, 2754), would conform to the 
normal reaction, CRR’-N-NH:CO-NH, + HO-CHPh-CHMe-’NH, = 
(I) CRR“N-NH-CO-NH-CHMe’CHPh:-OH + NH, giving a nor- 
y-ephedrinoformylhydrazone (I), hydrolysis of which with hydro- 
chloric acid would give nor--ephedrinoformylhydrazide hydrochloride 
(II). With acetonesemicarbazone an oil, which would not solidify, 
resulted; this with hydrochloric acid gave (II), which had the 
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formula .3HO-CHPh-CHMe-NH-CO-NH’NH,,4HCI,H,O.  Aceto- 
phenonesemicarbazone also gave an oily non-crystallisable product 
which with hydrochloric acid gave hydrazine hydrochloride and a 
substance (III) identified later as 5-phenyl-4-methyl-2-oxazolidone. 
Benzaldehydesemicarbazone, however, yielded a solid product, 
benzaldehyde-d-nor-4-ephedrinoformylhydrazone (1; R = Ph, R’ =H), 
which when boiled with very dilute hydrochloric acid gave (II); 
more concentrated acid (1%), however, gave in addition hydrazine 
hydrochloride and (III). 

When boiled with concentrated hydrochloric acid, (II) gave 
hydrazine and d-nor-/-ephedrine salts (with a trace of ammonium 
chloride); a quantitative estimation showed that the hydrazine 
amounted to # of the total nitrogen in the compound, which is in 
accordance with the formula for the hydrazide. 

Substance (III) had the molecular formula C,)H,,0,N. ‘ Hydro- 
lysis by heating in a sealed tube with concentrated hydrochloric acid 
gave d-nor-%-ephedrine. When heated with syrupy phosphoric 
acid, it evolved carbon dioxide, a quantitative estimation showing 
that ;', of the total carbon was thus liberated. The substance was 
synthesised by heating d-nor-/-ephedrine sulphate with urea, (ITI) 
being formed instead of the mono- or di-substituted urea which would 
have been expected (Davis and Blanchard, J. Amer. Chem. Soc., 
1923, 45, 1816). Another synthesis was accomplished by heating 
d-nor-}-ephedrine sulphate with potassium cyanate (compare the 
synthesis of 2-oxazolidone by Knorr and Réossler, Ber., 1903, 36, 
1280). This reaction proved that (III) was 5-phenyl-4-methyl- 
2-oxazolidone, formed thus: HO-CHPh-CHMe-NH, + HNCO = 

rib laws ie Newey: “i, CHPh—O 
HO-CHPh-CHMe-NH-CONH, ——*> A087 USco. The 


synthesis from d-nor-¢-ephedrine sulphate and urea would then 


be as follows: HO-CHPh‘CHMe-NH, + CO(NH,),. ———> 


HO-CHPh:CHMe‘NH-CO-NH, ——> (III). Hydrolysis of (III) 
would proceed thus: (III) + H,O —> HO-CHPh-CHMe-NH, + 
CQ,, one-tenth of the total carbon appearing as carbon dioxide. 
Although sparingly soluble in cold water, (III) dissolved readily in 
sodium hydroxide solution, probably owing to formation of the 
sodium salt of the amino-acid. 

The hydrochloride (II) could not be dehydrated without decom- 
position ; when heated under reduced pressure, it gave (III); hydr- 
azine dihydrochloride, and hydrazine monohydrochloride;: (II) = 
2(N,H,,HCl) + N,H,,2HCl + 3(III). The hydrochloride tended 
to decompose spontaneously in this way, for addition of picric acid 
to an alcoholic solution gave hydrazine picrate. 
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Probably, then, acetonesemicarbazone and acetophenonesemi- 
carbazone reacted normally with d-nor-/-ephedrine, the oily products 
containing the expected nor-¢-ephedrinoformylhydrazone, which is 
then hydrolysed by hydrochloric acid to give (II) or the decomposi- 
tion product (III). The appearance of (III) in the hydrolysis of 
benzaldehyde-d-nor-y-ephedrinoformylhydrazone when the acid ‘is 
too concentrated is due to the same reason. 

d-Nor--ephedrine can be conveniently characterised by its 
N-benzenesulphonyl derivative. All the substances mentioned were 
dextrorotatory in alcoholic solution (A = 5461) except (III), which 
was levorotatory. 

It is rather remarkable that the hydrochloride (II), when being 
formed from benzaldehyde-d-nor-/-ephedrinoformylhydrazone by 
hydrolysis with hot acid, rapidly reforms the benzaldehyde deriv- 
ative as the solution cools, whereas the isolated and purified hydro- 
chloride reacts with benzaldehyde much more slowly. Possibly 
there may be an equilibrium, HO-CHPh’CHMe-NH-CO‘NH:NH,== 


HO-CHPh-CHMe-NH-C(OH)<3 1, the first substance predominating 
during the hydrolysis. | q 


EXPERIMENTAL. 

The d-nor-s-ephedrine used had [a]? -+ 25-2° in water (¢ = 
1-6368). . N-Benzenesulphonyl-d-nor-4-ephedrine was prepared in the 
usual way from the base and benzenesulphony] chloride with sodium 
hydroxide solution. It was precipitated from the acidified solution, 
washed with water, and crystallised from alcohol or benzene by 
addition of water or light petroleum, respectively, forming Jong 
prisms, m. p. 103—104° insoluble in water and light petroleum 
(Found: N, 48. C©,;H,,0,NS sagen i, 4:8%)5 [o]ien + 8-9° in 
alcohol (c = 4-4788). 

With acetonesemicarbazone. Seuienieinlen quantities of the 
semicarbazone and d-nor-%-ephedrine were heated in toluene for 
12 hours at. 110—120°, ammonia being evolved. Removal of the 
toluene under reduced pressure left a viscid yellow non-crystallisable 
oil which, after standing for a considerable time with a little con- 
eentrated hydrochloric acid, deposited d-nor-/-ephedrinoformyl- 
hydrazide hydrochloride (Il); after being washed with ether, this 
crystallised from alcohol—-ether in prismatic needles, m. p. 156°. 

With acetophenonesemicarbazone. Equimolecular quantities of 
this semicarbazone and the amine were heated in toluene at 115— 
126°; solution with evolution of ammonia occurred. After 9 hours 
the solvent was removed under reduced pressure and the viscid 
yellow oil remaining was dissolved in ether. A trace of unaltered 
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semicarbazone slowly separated ; evaporation of the filtered solution 
left a non-crystallisable oil. After this had stood in contact with a 
little hydrochloric acid for some days, some hydrazine hydrochloride 
separated and was removed; the residue was steam-distilled under 
reduced pressure, and the resulting solution concentrated to small 
bulk under reduced pressure. The pale brown, mealy solid remain- 
ing crystallised from benzene, on addition of light petroleum, in long 
prisms grouped in rosettes, m. p. 123°; it was 5-phenyl-4-methyl- 
2-oxazolidone (ITI). 

With benzaldehydesemicarbazone. This substance and the amine 
(equimolecular quantities) were heated in toluene at 110—120°, 
ammonia being evolved. After 60 hours the cooled solution was 
poured into a flask previously moistened with water; this induced a 
rapid separation of crystals. The filtrate was evaporated under 
reduced pressure, and the residue recrystallised by addition of light 
petroleum to a benzene solution; the two crops were then recrystal- 
lised together from the same solvent mixture. Benzaldehyde- 
d-nor-4-ephedrinoformylhydrazone formed long prisms, m. p. 118° 
(yield, 83%) (Found: C, 69-0; H, 65; N, 14:1. C,,H,,0,N, 

equires C, 68-7; H, 6-4; N, 14:1%). It gave a high rotation, 
[a }i% -++ 290-5° in alcohol (c = 1-9926). 

d-Nor--ephedrinoformylhydrazide hydrochloride (11). The benz- 
aldehyde derivative (12 g.) just described was boiled with 250 c.c. 
of hydrochloric acid (0-7°%) and steam-distilled for 10 hours until 
all the aldehyde was removed. The residue left on evaporation of 
the aqueous solution dissolved completely in cold alcohol; evapor- 
ation of this solution in an evacuated desiccator gave a viscid yellow 
mass, which solidified somewhat on addition of light petroleum and 
evacuation at the pump but became sticky again on exposure to the 
air. It was purified by precipitation from alcoholic solution by 
addition of ether; the d-nor-4-ephedrinoformylhydrazide hydro- 
chloride so obtained, m. p. 156°, formed prismatic needles soluble in 
water and alcohol and was identical with the specimen previously 
obtained. It reformed the benzaldehyde derivative on treatment 
with this aldehyde in aqueous-alcoholic solution, but the reaction 
was slow. In alcohol it gave [«]j%, -+ 37-8° (c = 2-842) 
(Found: C, 45-4, 45-4; H, 65, 64; N, 15-9, 16-2; Cl, 17-9. 
3C,9H,,0,N;,4HCI,H,O 1equires C, 45-5; H, 64; N, 15-9; Cl, 
18-0%). 

The hydrochloride (II) was boiled for 5 hours with concentrated 
hydrochloric acid. After removal of some hydrazine hydrochloride 
which separated on cooling, the solution was evaporated, and the 
residue extracted with cold absolute alcohol to remove a further 
quantity of hydrazine hydrochloride. The alcoholic extract on 
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concentration deposited a trace of ammonium chloride; the filtrate 
on evaporation gave a residue, identified as d-nor-y-ephedrine by 
means of the benzenesulphonyl derivative. A quantitative estim- 
ation of the hydrazine was carried out by boiling a weighed quantity 
of the hydrochloride (II) with concentrated hydrochloric acid for 
3 hours. After concentration the solution was made alkaline and 
heated with Fehling’s solution; the nitrogen evolved was % of the 
total nitrogen in the salt, so that the ratio hydrazine residue : amine 
residue = 1: 1. 

5-Phenyl-4-methyl-2-oxazolidone (III) was soluble in alcohol, ether, 
benzene, chloroform and hot water, sparingly soluble in cold water, 
and insoluble in light petroleum; it dissolved in cold caustic soda 
solution. It melted at 123° and was levorotatory in alcoholic 
solution, [«]!%;, — 18-0° (c = 4-9764) [Found : C, 68°1, 68-1; H, 6-4, 
6-2; N* (micro-Dumas), 8-0, 7-9, (micro-Kjeldahl) 7-9, 7-8; M 
(eryoscopic in camphor), 201, 209, 204. C,,H,,0O,N requires C, 67-8; 
H, 6-2; N, 7:9%; M, 177]. When it was heated in a sealed tube 
with concentrated hydrochloric acid at 135° for 5 hours, d-nor- 
y-ephedrine (identified as the benzenesulphonyl derivative) and a 
trace of ammonium chloride were formed. Carbon dioxide was 
liberated on warming with syrupy phosphoric acid (Found: C, 6-7. 
Cj9H,,0,N requires for C,, 68%). 

The oxazolidone was synthesised in two ways. (1) d-Nor--ephe- 
drine sulphate (5 g.) and urea (0-8 g.) were heated in a flask with an 
air condenser (the oxazolidone is somewhat volatile) at 170—180° 
for 3 hours, ammonia being evolved. The cold residue was heated 
with water on a boiling water-bath ; the solution after filtration from 
a small amount of oil deposited, on cooling, crystals of 5-phenyl- 
4-methyl-2-oxazolidone, m. p. 123° after recrystallisation from 
benzene-light petroleum. (2) An aqueous soiution of the sulphate 
of the amine (6 g.) and potassium cyanate (2:3 g.) was heated for 
several hours and then concentrated on the water-bath, potassium 
sulphate being removed during the evaporation. The residual 
viscid, slightly greenish oil was heated to 120—130°; ammonia 
was evolved, and a hard glassy mass formed on cooling. This was 
extracted with absolute alcohol to remove potassium sulphate, and 
the alcoholic solution distilled, the temperature being gradually 
raised to 200—210°; the thick brown oil then frothed vigorously, 
ammonia being copiously evolved. When the evolution of gas had 
slackened, the heating was continued at 250° under somewhat 
reduced pressure. The oil obtained solidified rapidly on cooling, 
and was then extracted with boiling water; the extract, after 


* Macro-estimations (Dumas) tended to give high results even with use of 
copper oxide—cobalt oxide mixture or of lead chromate on copper oxide. 
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filtration from a small quantity of oil, deposited the oxazolidone on 
cooling, m. p. 123°.. The oxazolidone obtained by these two methods 
was identical with the substance, m. p. 123°, previously obtained, 

Dehydration of the hydrochloride (II). Only a very small loss of 
weight occurred on heating at 100° for 3 hours under reduced 
pressure. A weighing tube containing some of the salt was placed 
in a glass bottle and heated at 140° at 7 mm. pressure till the frothing 
of the molten mass abated. A sublimate formed; extraction of 
this with cold water removed hydrazine hydrochloride, leaving a 
residue of the oxazolidone (III). Treatment of the residue in the 
weighing tube with benzene dissolved out the oxazolidone, leaving 
a mixture of unaltered hydrochloride, which was dissolved out by 
alcohol, and hydrazine monohydrochloride, identified as such by 
melting point (89°) and by comparison with an authentic specimen, 
The 5-pheny]-4-methyl-2-oxazolidone formed in this experiment 
was identical with the specimen previously obtained. 


We desire to thank Imperial Chemical Industries, Ltd., for a grant 
which has been of assistance in this work. 


THe Roya Trcunicat CoLLEGe, 
GLasGow. [Received, February 13th, 1932.] 





147. The Action of Phosphorus Pentachloride on 
Acetanilide. 


By Orro Gurpo BAcKEBERG. 


TuE base obtained by Wallach (Annalen, 1882, 214, 193) by the 
interaction of equimolecular quantities of phosphorus pentachloride 
and acetanilide has been shown by von Braun and his collaborators 
(Ber., 1927, 60, 92) to be diphenylchlorovinylacetamidine (I). Von 
Braun (Ber., 1930, 63, 3191) found that o-chloroacetanilide under 
similar conditions gave only 3-chloro-4-anilino-2-chloromethy]l- 
quinoline (II), but the corresponding 4-anilinoquinaldine (III) could 
not be obtained from acetanilide, the product being always the 
compound (I).* 


h C:NHPh C-NHPh 
M Noo ou 
NPh 2 Oct Me 
CH,=CCl 
(I.) (II.) (III.) 


* Von Braun reports (Ber., 1931, 64, 2466) that he has been able to obtain 
the compound (III) by the energetic action of phosphorus pentachloride on 
acetanilide, the details of the investigation to be published later. 
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Von Braun assumes (Ber., 1931, 64, 2466) that the chlorovinyl- 
acetamidine bases are intermediate products in the formation of 
these quinoline derivatives, and on this assumption he bases an 
explanation of their formation, but the formulz (Ia) and (Ila) there 
listed (loc. cit.) contain quinquevalent carbon atoms which render 
the explanation untenable. 

Experiment has now shown that the compound (III) can be 
obtained in small yield from equimolecular quantities of phosphorus 
pentachloride and acetanilide, and the following scheme offers a 
satisfactory explanation for its formation, and also for the formation 
of other similar quinoline derivatives : 


NHPh-CO-CH,R + PC], —> NHPh-CCI,-CH,R (A) 





ee NHPh h 
CH,R a\cx,R  _,,, BCHa" 
Wi CCl,CH,R  RCH=C 
\ ACh Cs . | £CyCH, C CG 
Nf N 
|-sno ()ifRHH 


Il) ifR=Cl 
Oepi on = dinitRoH 
2h J 


This scheme involves the condensation of two molecules of amido: 
dichloride (A), which may lead to the formation of either a chloro- 
vinylacetamidine base (B) as indicated by Stephen and Bleloch 
(J., 1931, 886) or to a quinoline derivative (C). Amidodichlorides 
are not stable much above the ordinary temperature (Stephen and 
Bleloch, Joc. cit.) and this scheme requires that, as is actually the 
case, no rise in temperature should take place during the preparation 
of compounds of the type (C). 

The investigation has been extended to a study of the action of 
excess of phosphorus pentachloride on acetanilide. Michael (Amer. 
Chem. J., 1887, 9, 217) has shown that with 3 mols. of phosphorus 
pentachloride two products may be obtained according to the 
conditions, a yellow solid, m. p. 227—-229° (together with an oily 
product which was not further investigated), and colourless needles, 
m. p. 116-5—117°, to which he assigned the formule C,,H,,N,Cl, 
and C,H,N,Cl, respectively. 

Repetition of Michael’s experiments has shown that his yellow 
product is the hydrochloride, C,,H,,N,O0l,, of 3-chloro-4-anilino- 
2-chloromethylquinoline (II), and the oily by-product contains 
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diphenylacetamidine. The above hydrochloride is also obtained 
if 2 mols. of phosphorus pentachloride are used, and it would appear 
that the third mol. employed by Michael dissolves in the phosphoryl 
chloride produced and takes no further part in the reaction, which 
may be explained as follows :—Acetanilideamidodichloride is first 
formed and is slowly chlorinated at the ordinary temperature by the 
second mol. of phosphorus pentachloride to w-chloroacetanilide- 
amidodichloride, which then condenses to the quinoline derivative 
(II), in accordance with the above scheme. If, on the other hand, 
as in Michael’s second experiment, the temperature is raised, acet- 
anilideamidodichloride is converted into the imidochloride by loss 
of hydrogen chloride, and the formation of both amidine and 
quinoline derivatives is no longer possible; the additional 2 mols. 
of phosphorus pentachloride are now available for chlorination and 
react readily at the temperature of the water-bath, so that the 
imidochloride is finally converted into w-dichloroacetanilideimido- 
chloride, which, when poured into water, is hydrolysed to «-dichloro- 
acetanilide, thus 


2PCl, 


NHPh-COMe + PCl, —> NHPh-CCI,Me oo NPh:CCIMe ——> 


NPh:CCI-CHCl, —-> NHPh-CO-CHCI, 


and Michael’s compound, m. p. 116-5—117°, was in fact found to be 
«-dichloroacetanilide (compare von Braun, Jostes, and Miinch, 
Annalen, 1927, 453, 118), while no basic product could be obtained 
from the reaction. 


EXPERIMENTAL. 


(All analyses, except taose marked with an asterisk, were carried 
out by Pregl’s micro-methods.) 

The following experiments were carried out with phosphorus 
pentachloride and 10 g. of acetanilide. 

1 Mol. of phosphorus pentachloride. The finely ground materials 
were thoroughly cooled during the initial reaction. The flask was 
sealed, and the pasty product kept at room temperature for 3 weeks 
with occasional shaking ; a clear, dark red solution was then obtained. 
The flask was opened (a small quantity of hydrogen chloride escaped), 
and heated under reflux on the water-bath for 3 hours, much hydrogen 
chloride being evolved. The product was cooled and 100 c.c. of water 
were added and heated to boiling : a vigorous reaction occurred and 
the mixture became homogeneous. On cooling, yellow crystals separ- 
ated, which were dissolved in dilute acetic acid and repeatedly 
boiled with charcoal. When the solution was made alkaline with 
ammonia, 4-anilinoquinaldine (III) (1 g.) separated, m. p. 156° alone 
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or in admixture with an authentic specimen (J., 1931, 2814) (Found : 
N, 12-1. Cale. for C,,H,,N,: N, 12-0%). 

3 Mols. of phosphorus pentachloride (Michael, loc. cit.). (a) The 
sealed mixture was kept at room temperature for 3 weeks : a yellow 
solid (6-5 g.) slowly separated from the dark red solution first 
formed. When the tube was opened, a large quantity of hydrogen 
chloride escaped. The solid was washed with ether, dissolved in 
dilute acetic-hydrochloric acid, and repeatedly boiled with charcoal. 
On cooling, yellow needles, m. p. 209°, separated; after these had 
been recrystallised from aqueous-alcoholic hydrogen chloride and 
dried over phosphoric oxide, the m. p. was 243—245° (decomp.) 
(von Braun, loc. cit., gives 222°). Analysis showed the product to 
be the hydrochloride of 3-chloro-4-anilino-2-chloromethylquinoline 
(II) (Found: C, 56-6; H, 3-8; N, 82, 8-1; ionised Cl, 10-6*; 
M, by micro-Rast, 337-8. Calc. for C,,H,,N,Cl,,HCl: C, 56-6; 
H, 3-8; N, 8-25; ionised Cl, 10-45%; M, 339-4). The free base 
was obtained pure by neutralising a solution of the purified hydro- 
chloride in cold alcohol with N/10-sodium hydroxide and phenol- 
phthalein and adding water with stirring until precipitation occurred ; 
m. p. 135—136° (von Braun, loc. cit., gives ‘‘ about 130° ”’) (Found : 
N, 9:3; M, 300-2. Calc. for C,,H,.N,Cl,: N, 9:2%; M, 302-9). 
The picrate had m. p. 183° (von Braun gives 193°). 

When the filtrate from the yellow solid was poured into water, 
a thick oil (about 3 c.c.) separated. This was boiled with dilute 
hydrochloric acid and the dark-coloured ‘solution was repeatedly 
treated with charcoal and then made alkaline. The diphenyl- 
acetamidine (0-4 g.) obtained was crystallised from dilute alcohol ; 
m. p. 131° alone or in admixture with an authentic specimen (Found : 
N, 13-4. Cale. for C,,H,,N,: N, 133%). 

(b) The mixture (2 g. of acetanilide) was kept over-night, then 
heated on the water-bath until evolution of hydrogen chloride 
ceased, and poured into water. The oil produced, which soon 
solidified, was dissolved in 750 c.c. of hot water (charcoal); on 
cooling, «-dichloroacetanilide (1-5 g.) crystallised in long colourless 
needles, m. p. 117—118° alone or in admixture with an authentic 
specimen (Found: N, 7-0. Cale. for C,H,ONCI,: N, 69%). No 
base separated when the filtrate from the reaction mixture was 
made alkaline. 

2 Mols. of phosphorus pentachloride. The sealed mixture was left 
at room temperature for 3 weeks, and the yellow solid (8 g.) purified 
as before. Analysis showed this to be the hydrochloride of 3-chloro- 
4-anilino-2-chloromethylquinoline (II); m. p. 243—245° (decomp.) 
alone or in admixture with the compound previously described 
(Found : ©, 56-6; H, 3-8; N, 84; ionised Cl, 10-5*%). The free 
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base was obtained as before, m. p. 135—136° alone or in admixture 
with the compound previously described (Found : N, 9-2%). 


In conclusion the author records his appreciation of Prof. H. 


Stephen’s interest in the investigation. 


UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SouTH AFRICA. [Received, February 15th, 1932.) 





148. The Interaction of Ammonium and Alkyl- 
ammonium Sulphides with Aqueous Formaldehyde. 


By CaTHERINE GuNN Lz Fivre and Raymonp James Woop 
Le FévReE. 


In the hope of obtaining further information regarding the 
reaction between ammonium sulphide and formalin (Le Févre and 
Macleod, J., 1931, 474), the interactions of substituted ammonium 
sulphides with formaldehyde in dilute aqueous solution at 0° have 
been studied. Addition of aqueous methylamine saturated with 
hydrogen sulphide to formalin solution produced immediately a 
white precipitate, C,H,NS (I); the filtrate slowly deposited a 
substance which was shown to be the “ methylthioformaldin,” 
(CH,),S8,NCH, (II), of Wohl (Ber., 1886, 19, 2345). The compound 
(I) was converted into (II) by aqueous acetone, and the mother- 
liquor reacted as if it contained methylamine and formaldehyde 
only. Thus the formulations (I) and pai are not improbable. 


H H,S Hs (1) 
CH<on + CH<On ma “ areal OH —> NMe- ta, 


H,O 
. II. 
c+ mae + eB 


Addition of a well-cooled ethylamine solution saturated with 
hydrogen sulphide to excess of formaldehyde solution afforded a 
colourless oil, which was analysed as its hydrochloride and corre- 
sponded in composition to the methyl analogue (I). Both the 
compounds from the substituted amines, but not the thialdine (II), 
were rapidly hydrolysed by hot mineral acid, giving trithioformal- 
dehyde, the amine salt, and formaldehyde. 

Aqueous aniline similarly afforded with hydrogen sulphide and 
formalin an oily substance, which, like the white amorphous compound 
obtained from hydrazine hydrate and the oils obtained from dimethy]l- 
and diethyl-amine sulphides, gave trithioformaldehyde on hydrolysis 
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with hot hydrochloric acid. From piperidine, however, a well- 
crystallised compound, C,,H,,ON,S, was obtained. Since here the 
initially formed substance, C;H,,N-CH,-OH, could not produce a 
compound of the type (I), it is possible that, by interaction with 
hydrogen sulphide, dipiperidinomethyl sulphide, (C;H,)N-CH,)8 
(III), was formed, and isolated as the monohydrate. 

Composition of the Ammonium Sulphide-Aqueous Formaldehyde 
Precipitate (Le Févre and Macleod, loc. cit.)—The constitutions of 
the above compounds derived from methyl- and ethyl-amines 
make it reasonable to suppose that the original ammonium sulphide— 
formaldehyde precipitate might be formed via some intermediate 
such as (IV). After crystallisation from dimethylaniline, it melts 
at 200° and has the composition C;H,,N,S, (V). It is very slightly 
soluble in most of the common solvents, but gives in dilute mineral 
acids solutions from which trithioformaldehyde soon crystallises. The 
yield of thioaldehyde is slightly less than half the weight of the 
substance hydrolysed; therefore the molecular weight of the latter 
must be (2 x 46),, which, when » = 2, is in fair agreement with 
the above formula. From chloroform solutions of the substance, 
impure specimens of an unstable, hygroscopic, crystalline hydro- 
chloride, m. p. 110° (decomp.), bromo-derivative, gummy metho- 
sulphate, and methiodide, m. p. 70—72° (decomp.), were obtained by 
addition of the appropriate reagent. 

Formula of the Substance, m. p. 200°.—The instability of the 
previously mentioned derivatives rendered :the verification of a 
structural formula for (V) difficult. In view of (1) the similarity 
between (I) and (V) and their rapid hydrolysis to trithioformalde- 
hyde, in contradistinction to the slow hydrolysis of the thialdine 
(II), and (2) the general tendency for formaldehyde derivatives to 
undergo polymerisation, the formula (VI) is advanced for (V). The 
yield of (V) falls off almost linearly with increase of the temperature 
of admixture of the formaldehyde and ammonium sulphide. This 
should be the case if, with increase of temperature, further com- 
bination of formaldehyde with (VII) and (VIII) occurred, as sug- 
gested in the scheme below, to give compounds which are so complex 
as to be unable to condense to yield (IV). Support is forthcoming 
from thefollowing experiment to illustrate the inhibiting effect of com- 
plex molecules. Two equal volumes of 40% formalin were taken. 
One was diluted with 3 volumes of water, a deficiency of ammonia 
solution (d 0-88) added, the mixture cooled, and hydrogen sulphide 
passed into it; a white gummy precipitate was soon formed. The 
other undiluted formaldehyde solution was cooled and treated 
with the ammonia evolved by boiling the same volume of aqueous 
ammonia as used before; hydrogen sulphide now produced an 
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opalescence only after being passed for a much longer time than in 
the first case. Whereas in the first solution the ammonia had 
formed the intermediates (IV), (VII), and (VIII) (compare Werner, 
J., 1917, 141, 844), in the second solution it existed largely as 
trihydroxytrimethylamine (Henry, Centr., 1903, i, 439) and thus 
could not directly lead to (VI). 

A chloroform solution of (VI) absorbed two atoms of bromine 
immediately and two more less rapidly. Further absorption was 
slow. This observation is not irreconcilable with formula (V1), 
for hexamethylenetetramine, the symmetrical formula of which 
(Duden and Scharff, Annalen, 1895, 288, 218) has been confirmed 
by Gonell and Mark (Z. physikal Chem., 1923, 107, 181) by X-ray 
methods, takes up directly only two or four atoms of bromine or 
iodine (Horton, Ber., 1888, 21, 2000; Legler, ibid., 1885, 18, 3350) 
and combines with only one molecule of alkyl halide or a half 
molecule of alkylene dihalide (Wohl, Ber., 1886, 19, 1843; Delépine, 
Bull. Soc. chim., 1897, 17, 293). The scheme indicating the form- 
ation of the compound (VI) is as follows : 


NH,HS == NH, + 4H,S 


I } 
CH<NH, CH< OH 
EF (VII.) (VIII.) Ne 





NH(CH,°OH),, NH(CH,’SH),, 
etc. etc. 
| CH,’°SH 
P \ (IV.) 

Ultimately H-CH,°OH 

hexamine fram veyed 
CH,-S-CH, CH,;—S—OH, 

CH,(OH), N—CH,-N (VL) 

NH-CH,‘N-CH,SH ¢H,—S— —OH, 


EXPERIMENTAL. 

Interaction of Methylamine, Hydrogen Sulphide, and Formaldehyde. 
—Aqueous methylamine (170 c.c. of 30% solution), diluted with 
350 c.c. of water, was saturated with hydrogen sulphide at 0°, and 
run during } hour into a stirred mixture of 40% formaldehyde 
(200 c.c.), ice, and water (400 c.c.). After an hour, the white 
precipitate (I) was collected, washed with hot water, and dried in the 
air (yield, 67 g.; m. p. 108—115°, decomp. 169—175°). It was 
readily soluble in chloroform, pyridine, acetic acid, carbon tetra- 
chloride, ether, benzene, and ligroin, and crystallised from acetone 
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in thick needles, m. p. 1388—139° (Found : C, 40-5; H, 7-7; N, 15°8* ; 
S, 36-2. C,H,NS requires C, 40-4; H, 7:8; N, 15-7; 8, 360%). 
With hydrogen chloride in benzene solution (200 parts), it gave a 
gummy hydrochloride, an aqueous solution of which slowly deposited 
trithioformaldehyde. 

The mother-liquor of the substance (I) deposited, after 36 hours, 
a substance (12 g.) which crystallised from acetone and then had 
m. p. 65—66° (Found : C, 35-5; H, 6-8; N, 10-6*; §, 47-5. Calec.: 
C, 35-6; H, 6-7; N, 10-4; S, 47-4%), alone or mixed with ‘‘ Methy]l- 
thioformaldin,” prepared by Wohl’s method (loc. cit.). It formed 
with ethereal methyl iodide, after 30 hours, needles of the mono- 
methiodide, m. p. 164° (decomp.) (Wohl gives 161—163°, decomp.) 
(Found : I, 45-9. Cale.: I, 45-85%), from an aqueous solution of 
which picric acid precipitated the corresponding methopicrate, 
m. p. 238° (after previous shrinking and charring), as yellow matted 
needles. The crystalline hydrochloride, prepared in well-cooled 
dilute benzene solution, had m. p. 193—-194° (decomp.) (Wohl gives 
188°, decomp.) (Found: Cl, 20-9. Calce.: Cl, 20-7%); in dilute 
hydrochloric acid solution, it gave precipitates with platinic chloride 
(see Wohl, loc. cit.), mercuric chloride, and concentrated ferric 
chloride solution. 

Preparation of Wohl’s ‘‘ Methylthioformaldin ”’ from Substance (1). 
—Attempts to prepare a methiodide from (I) resulted in a gum, 
from which was ultimately obtained in small yield a product, m. p. 
163—164° (Found: I, 46-0%), identical (mixed m. p.) with the 
methiodide obtained above from Wohl’s compound. 

Substance (I), suspended in aqueous acetone, slowly dissolved, 
and the solution gradually deposited a dirty-white substance, m. p. 
59-——-61° (raised to 65° by admixture with Wohl’s compound) : 
this, in benzene solution, gave a hydrochloride, m. p. 192—193° 
(decomp.), from which Wohl’s ‘‘ Methylthioformaldin ”’ was re- 
generated by stirring with aqueous ammonia. 

The preparation was satisfactorily conducted by dissolving 
substance (I) (5 g.) in 50 c,c. of warm acetone, adding water to the 
cold solution to crystallising point, and after 5 days stirring in 
water (5 vols.); 2-1 g. of large plates, m. p. 683—65°, were obtained 
(calc., 3-7 g.). 

Interaction of Ethylamine, Hydrogen Sulphide, and Formaldehyde.— 
Ethylamine (55 c.c. of 33° aqueous solution), diluted with 250 c.c. 
of water, was cooled to 0° by addition of ice, saturated with hydrogen 
sulphide, and added quickly to 100 c.c. of 40% formaldehyde solution 
diluted with 200 c.c. of water, the whole being cooled in ice-salt. 
Hydrogen sulphide was passed into the only emulsion for a further 


2 hours. After 12 hours, the product was extracted and dried 
PP 
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(with sodium sulphate) in benzene and recovered. As it could not 
be distilled without decomposition, it was redissolved in benzene, 
mixed with light petroleum, cooled to — 10°, and treated with 
hydrogen chloride; a white trioxymethylene-like hydrochloride 
(31 g.) was obtained, m. p. 1OO—150° (Found : N, 10-4*. C,H,NS,HCI 
requires N, 10-0%), from which cold 4N-aqueous sodium hydroxide 
regenerated the base as an oil which did not solidify in ice-salt. 

Interaction of Aniline, Hydrogen Sulphide, and Formaldehyde.— 
The usual process, applied to aniline (5 c.c.), water (300 c.c.), ice 
(50 g.), and formaldehyde (25 c.c. of 40% solution and 100 c.c. of 
water), led to a white gum which could not be crystallised. When 
boiled with an excess of concentrated hydrochloric acid, it gave a 
yellowish powder, from which, by crystallisation from acetone, 
trithioformaldehyde was obtained, m. p. and mixed m. p. 215—216°. 

Action of Formaldehyde on Hydrazine Hydrate saturated with 
Hydrogen Sulphide.—A mixture of hydrazine hydrate (20 c.c. of 
90% solution) and 300 c.c. of ice and water was treated with 
hydrogen sulphide for 2 hours and dropped during 1 hour into a 
mixture of formaldehyde (390 c.c. of 40% solution), and ice and 
water suspension (700 c.c.). After 1 hour’s stirring, the white 
precipitate was collected, washed, and dried (32 g.). It formed 
an impalpable powder, soluble in ligroin, chloroform, and acetic acid. 
An extract of 5 g. of the substance in 200 c.c. of boiling pyridine 
gave, on cooling, 1 g. (residue, 3 g.) of a micro-crystalline powder, 
m. p. 248—250° (decomp.) (Found: C, 35-8; H, 5-7; N, 30-4; 8, 
22-9), of unknown constitution. 

Reactions between Dimethyl- and Diethyl-amines, Hydrogen 
Sulphide, and Formaldehyde.—The usual procedure was applied to (a) 
dimethylamine (100 c.c. of 33° solution), water, and ice (300 c.c.) ; 
180 c.c. of 40% formalin and water and ice (350 c.c.), and (5) 
diethylamine (130 c.c. of 30° solution), water, and ice (500 c.c.) ; 
formaldehyde (180 c.c.) and water and ice (400 ¢.c.): time of addi- 
tion, 1 hour. The oily products, which were extracted in light 
petroleum in (a) and in benzene in (6), could not be distilled without 
decomposition and did not give crystalline salts. 

Hydrolysis of the Preceding Compounds by Mineral Acid.—A 
solution of any one of the preceding compounds in warm dilute 
hydrochloric or sulphuric acid sooner or later deposited trithio- 
formaldehyde, m. p. 216°. With concentrated hydrochloric acid 
at 100° as the hydrolysing agent the yield of trithioformaldehyde 
obtained, calculated from the weight of substance taken, was 35—40%, 
from the methylamine derivative (I), 25% from the ethylamine 
derivative, 40°, from either the diethyl- or the dimethyl-amine 
derivative, and 20%, from the hydrazine derivative. 
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Interaction of Piperidine, Hydrogen Sulphide, and Formaldehyde.— 
Piperidine (15 c.c.) and water (100 c.c.) were together saturated 
with hydrogen sulphide and added to 40% formalin (100 c.c.) and 
water (200 c.c.), both mixtures being ice-cold.’ Crystals were 
soon produced (15 g., m. p. 61—62° after washing), very soluble in 
chloroform, benzene, pyridine, light petroleum, acetic acid, ether, 
and acetone. From aqueous acetone, 10 g. of white granular 
crystals, m. p. 56°, were obtained (Found: C, 58-6; H, 10-2; N, 
11-2*; §, 13-1. C,,H,,ON,8 requires C, 58-6; H, 10-6; N, 11-4; 
8, 13-0%). The compound dissolved readily in mineral acids, but 
did not appear to undergo hydrolysis. From a dilute hydrochloric 
acid solution, concentrated aqueous ferric chloride precipitated a 
yellow ferrichloride ; picric acid afforded a light yellow picrate. 

Preparation of the Substance (V1).—To ordinary ammonium 
sulphide (500 c.c. of approx. 16% solution), diluted with water 
(3,000 c.c.), formaldehyde (350 c.c. of 40 % solution) was run in, 
with vigorous stirring, during 12 minutes, the temperature being 
kept below 25°. The micro-crystalline powder produced was 
collected after 12 hours, washed with much water, and’ dried in 
the air; m. p. 125—145°. 

Variation of the yield with temperature. The two solutions to be 
mixed (quantities as above) and a large reaction vessel, fitted with a 
stirrer and a thermometer, were brought to the same temperature 
in a water-bath. The mixing was then done and the highest 
temperature reached during the precipitation was noted (generally 
there was a rise of some 10°). The mean of the initial and the final 
temperature was taken as the temperature of the reaction. 


(reer 0° 12° 20° 42° 57° 70° 92° 
Yield, g. ...... 130 140 130 108 84. 68 41 


Properties. The crude substance is not very soluble in the common 
solvents except chloroform. It can be crystallised from chloroform, 
cyclohexanol, and tritolyl phosphate, but best from dimethylaniline. 
The process is wasteful, much formaldehyde being evolved. From 
40 g. of the crude material, about 7 g. of a white crystalline substance 
were obtained, m. p. 190° raised to 200° by further crystallisation 
(Found : C, 37-2; H, 6-2; N, 17-3*; 8, 39-5; M, in camphor, 182. 
C;H, N.S, requires C, 37-0; H, 6-2; N, 17-3; 8, 39:5%; M, 162). 

Action of bromine. Addition of » dilute solution of bromine 
in chloroform to a chloroform solution of (VI) yielded a magma of 
erystals which appeared to decompose on filtration. A rapidly 
collected specimen underwent slight melting at 80° and became a 
clear liquid at 135—136°. 0-1794 G. required 6-43 c.c. of bromine 
solution (2-9824 g. in 100 c.c.) to give a noticeable excess of 
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bromine; whence 1 g.-mol. (162 g.) would require 173 g. of bromine 
(cale. for 2Br, 160 g.). 

Addition of twice the above amount of bromine solution to a 
similar solution of (VI) caused re-solution of the white bromo- 
derivative. After 3 days the excess of bromine had disappeared. 

Action of acids. Substance (VI) dissolved fairly easily in dilute 
mineral acids, but was violently oxidised by nitric acid. A solution in 
hot hydrochloric or dilute sulphuric acid soon deposited white needles 
of trithioformaldehyde, m. p. 216° (Found: S, 69-4. Calc.: 8, 
69-5%). The filtrate contained formaldehyde (identified, after 
distillation in steam, as the 2: 4-dinitrophenylhydrazone, m. p. 
and mixed m, p, 165°) and an ammonium salt. The quantity of 
ammonia found by titration in the steam-distillate from the solu- 
tion (made alkaline) corresponded to the percentage of nitrogen 
found in (VI) by combustion. All the nitrogen, therefore, is 
hydrolysable. 

The substance (VI) dissolved slightly in cold glacial acetic acid 
(about 8-5 g. in 300.¢.c.). After 5 days the solution had deposited 
about 3 g..of a white crystalline substance, m. p. 175—176° after 
recrystallisation from acetic acid (Found : N, 9-1; 8, 55-5%). 


The analyses, except those marked with an asterisk, are micro- 
analyses made by Dr.-Ing. A. Schoeller. 

The authors wish gratefully to acknowledge receipt of a grant 
from the research Fund Committee of the Chemical Society in 
furtherance of this investigation. 


Tue Rawrxu Forster | +soRATORIES OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [Received, January 15th, 1932.) 





149. Reactions of w-Substituted Acetophenone Deriv- 
atives. Part II. The Mechanism of the Interaction 
of w-Halogenoacetophenones with Primary and 
Tertiary Bases. 

By Joun WiLiaM BAKER. 


In Part I (Baker, J., 1931, 2416) it was shown that in the side- 
chain nitration of w-halogenoacetophenones the attack is by a 
negative-centre seeking reagent and is facilitated by an accession 
of electrons to the side chain (Ingold and Rothstein’s type A,; J., 
1928, 1219). On the other hand, in the replacement of the halogen 
by basic groups (OH, NR,, etc.), it was tentatively suggested 
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(1) that the electrostriction of positive centre-seeking groups to 
the w-carbon atom is an important, stage in the mechanism, and 
(2) that the reaction appears to be facilitated, not so much by the 
ease of anionisation of the halogen (— I effect), as by the positive 
character of this atom (compare, inter alia, Bennett and Berry, 
J., 1927, 1676), i.e., the reaction is one requiring a recession of 
electrons from the side chain. For the purpose of a quantitative 
study, with a view to prescribe more exactly the mechanism of the 
replacement of the w-halogen in derivatives of the type Ar-CO-CHRX 
by positive-centre seeking groups, it is necessary to employ a re- 
action which goes smoothly to completion with a measurable 
velocity without the occurrence of any complicating side reactions. 
Such a reaction is available in the interaction of w-halogenoaceto- 
phenones with primary (aniline, A) and tertiary (pyridine, B) 
amines. - 


R-C,H,-CO-CHR’X + NH,Ph—>R-C,H,-CO-CHR’-NHPh + HX (A) 
R-C,H,-CO-CHR’X + NC,H, —> R-C,H,-CO-CHR“-NC,H}X — (B) 


This communication describes an investigation of the effect of 
varying the polar nature of the groups R, R’, and X on the velocity 
of these two reactions. Matheson and Humphries (J., 1931, 2514) 
have already shown that reaction (A) is pseudo-unimolecular in 
the presence of a large excess of aniline, and the same is found to 
be true for reaction (B). Hence these pseudo-unimolecular velocity 
coefficients have been determined for the interaction of various 
w-halogenoacetophenones in 0-025M-solution in 90% alcohol with 
10 molecular proportions of the base at 30-5°, the reactions being 
followed by titration of the halide ion present, as described by 
Matheson and Humphries (loc. cit.). 

The results are summarised in the following tables. The value 
of the pseudo-unimolecular velocity coefficient, k, is calculated in 
e.c, of 0-05N-silver nitrate, time being in minutes. 


Tasie I, 


Reaction of R-C,H,’CO-CH,X with pyridine (10 mols.) in M/40- 
solution in 90% alcohol at 30-5°. 








k x. 108. Ratio kx /ke:. 
x. R=H.' R=mNO, | R=H. R=m-NOQ,. 
cl 0-11 0-15 1 1 
Br 6-5 11-3 59 * 15 
I 5-0 8-2 45°5 54-6 


* Clarke (J., 1910, 97, 416) found kp, /ko; = 54. 
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TABLE II. 
Values of k x 10° for the interaction of R-C,H,CO-CHR’X with 
aniline (10 mols.) in M/40-solution in 90% alcohol at 30-5°. 


R’ =H. R’ = Me., R’ = NO, 
R. Kise Be yx1 Reve Be. i Miew Cys! Kae Berd! KTS, 

p-MeO 10 — — —- — 

p-Me 11 11-4 —- ~- — 

H 14:8 14:5 0-15 0-7 et 

m-NO» 47 44 oe 2-6 an. 

p-NO, 41-4 35 = sh 0-025 


Discussion of Results. 


The occurrence of maxima in the values of the velocity coefficients 
in series obtained by varying the polar character of one or other 
of the substituent groups uniformly in one direction, immediately 
suggests that the velocity of the reactions is determined by the 
resultant of several opposing factors, and interpretation of the 
results necessitates detailed theoretical consideration of the effects 
of the variable groups on possible stages in the mechanism of the 
reaction. 

The existence of two types of electronic displacement, namely, 
the conjugative and the general polar effects, was first recognised 
by Robinson (Allan, Oxford, Robinson, and Smith, J., 1926, 406, 
and references there cited). The first, which involves covalency 
changes and occurs in the polarisation of conjugated systems, has 
since been termed the electromeric effect and designated by the 
symbols ++ 7’; the second, in which no such change in covalency 
occurs and which is propagated by electrostatic induction, has 
been called the inductive effect and denoted by the symbols -- J 
(Ingold and Shaw, J., 1927, 836; compare Ann. Reports, 1926, 23, 
133; 1927, 24, 151). To these must be added the direct effect 
(+ D), resulting from the transmission of polar effects by direct 
action through space (Ingold and Vass, J., 1928, 417; Lapworth 
and Robinson, Mem. Manchester Phil. Soc., 1928, 72, No. 4,1). It 
is an open question whether the total polar effect of any atom or 
group can be subdivided in the clear-cut manner postulated above 
(compare Lapworth and Manske, J., 1928, 2533), but, in the absence 
of precise knowledge of the real physical processes involved, it 
appears to the author that, at this stage, such a division is desir- 
able as a working hypothesis. This is especially so since experi- 
mental evidence (such as that given in this communication) indi- 
cates that, in any particular reaction, one or other of the postulated 
effects is of major importance. 

From such a standpoint, reaction (B), involving simple quaternary- 
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salt formation with pyridine, is the most straightforward and will 
be considered first. 

This reaction involves (1) the co-ordination of the pyridine mole- 
cule with the w-carbon atom of the acetophenone derivative by 
means of the unshared electron pair on the nitrogen atom, and 
(2) the separation of the halogen as a negative halide ion : 


8+ 

R-C,H,-CO-CH,->X R-C,H,-CO-CH, } X 
t —s % 
NC;H, NC,H, 


The first stage will be facilitated by any factor which augments 
the positive charge on the w-carbon atom (and vice versa). Hence, 
with any given halogen, the velocity should be greater the more 
strongly the group R attracts electrons, i.e., it will be facilitated 
when R is a group of the polar type — J; with R constant, the 
velocity should, for the same reason, be greater the greater the 
electron affinity (— J effect) of the halogen atom X, i.e., it should 
increase in the order I<Br<Cl. But the second stage, which 
involves the ease of anionisation of the halogen, would also be 
expected to increase in the same order. Thus, theory suggests 
that the velocity of this reaction will be increased by substitution 
of an electron-attracting group in the phenyl nucleus, and, ceteris 
paribus, in the order I<Br<Cl. The former of these conclusions 
is confirmed by the consistently greater velocity coefficients for the 
reaction with m-nitro-w-halogenoacetophenones relative to that of 
the corresponding unsubstituted derivatives (Table I). With regard 
to the second conclusion, the predicted order for the three halogens 
is confirmed in the case of Br>I, but chlorine presents a striking 
anomaly, for which only a tentative explanation can be advanced. 
Of the three halogens studied, chlorine has the most powerful 
inductive (— J, — D) effect (moreover, it is an element which may be 
capable of expanding its octet to a larger electron group).* Possibly, 
therefore, the external field of attraction of the chlorine atom itself 
for the molecule of the basic reagent is so powerful that the latter 
is largely prevented from attack at the w-carbon atom, at which 
point alone is consummation of the reaction possible by subsequent 
separation of the halogen as a halide ion. From this point of view, 
investigation of the corresponding fluorine derivatives (even more 
powerful — J effect, but with no possibility of octet expansion) would 
be of interest; so far, however, attempts to prepare w-fluoroaceto- 
phenones have been unsuccessful. 

Theoretical analysis of the reaction of w-halogenoacetophenones 


* This suggestion receives support from recent accurate measurements of 
the dipole moment of carben tetrachloride (private communication from 
Dr. F. R. Goss). 
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with primary bases such as aniline (reaction A) is more complicated, 
since, in this case, only a portion of the basic reagent becomes 
attached to the w-carbon atom, whilst the halogen is eliminated as 
hydrogen halide. It will be convenient to consider first the effect 
of the substituent groups R and R’ for any given halogen derivative, 
and afterwards to discuss the case when R and R’ are constant and 
the nature of the halogen is varied. 

With any given halogen, arguments similar to those employed 
above indicate that if R and R’ are groups which have a strong 
attraction for electrons (— I type) they will (1) increase the 8+ 
charge on the w-carbon and hence facilitate the initial electro- 
striction of the negatively polarised portion of the reagent molecule, 
and (2) decrease the ease of anionisation of the halogen and thus 
tend to inhibit the completion of the reaction. When R and R’ 
are groups of the opposite polar type (+ J) they will obviously 
tend to increase electron availability in the side chain, with the 
resultant reversal of these effects. 

The results summarised in Table II indicate that the electro- 
striction of the negatively polarised portion of the reagent molecule 
is of primary importance, substitution in the nucleus of the electron- 
repelling methyl group decreasing the velocity of reaction, whilst 
substitution of the strongly electron-attracting nitro-group largely 
increases the velocity, providing the effect be not too powerful. After 
a certain point, the inhibitory effect of the powerfully electron- 
attracting group on the anionisation of the halogen atom becomes 
important, with the result that a maximum occurs at some point 
in the series. With the groups studied, this maximum occurs at 
the m-nitro-derivative, the series, arranged in order of increasing 
—I effects of the substituent groups R and R’, being 


«-Me<(p-Me, p-MeO)<H<m-NO,>p-NO,>p-di-NO, 


(maximum) 


Decreasing + J >'— Increasing — J > 





Under the experimental conditions employed, the reaction is 
almost completely inhibited by substitution of groups of opposite 
polar types, viz., methyl (tends to neutralise the 8 + charge on the 
carbon, although it increases the ease of anionisation of the halogen) 
and nitro- (prevents the anionisation of the halogen, although 
largely increasing the positive charge on the w-carbon), in the 
«-position. The possibility of steric effects cannot, of course, be 
disregarded in these cases. 

The closely similar values of the velocity coefficients observed 
with a p-Me(+ J) and p-MeO (weak — J, + 7’) substituent, suggest 
that the electromeric effect (+ 7'), although probably of secondary 
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importance, cannot be neglected, since it more than counteracts 
the slightly facilitating influence of the weak — J effect. 


ROP 


It will obviously tend to satisfy the —T' effect of the carbonyl 
group and thus diminish the polar effect of the latter group as a 
whole in inducing a positive charge on the w-carbon atom. 

Considering now the effect of varying the halogen substituent, 
we see that the relevant conclusions already drawn in the case of 
the reaction with tertiary bases (p. 1151) will apply equally to the 
analogous reaction with primary bases, facilitation of the reaction 
running parallel to the — I effects of the halogens, Cl>Br>I. But, 
in this case, cognisance must be taken of a second factor, since the 
halogen is eliminated not simply as a halide ion but as a hydrogen 
halide. There is considerable evidence to show that the unshared 
halogen electrons have an affinity for a positive charge (+ 7' effect ; 
compare, inter alia, Ingold and Vass, J., 1928, 2262), and hence 
they may, independently of the other stages in the reaction, exert 
a definite attraction for the positively polarised hydrogen atom of 
the attacking aniline molecule : 


8+ 
R-CO-CHR’—X RCO-CHR’ X 

ai cca 

NHPh—H NHP 


Such an affinity for a positive field will increase in the order of 
the + 7' effects, viz., I>Br>Cl, which is the reverse of that deduced 
for facilitation of the other processes involved in the mechanism 
of the reaction. Thus the experimental velocity order for the 
three w-halogen derivatives will depend on tho relative importance 
of these antagonistic processes of control. The results obtained 
(Table II) lend some support to the view that, at least with iodine 
(which is known to form stable iodinium salts), this last-discussed 
factor is by no means negligible. Thus, under the same conditions 
of concentration and temperature, the velocity of reaction with 
the weaker base, aniline, is more than twice as great as is that with 
the stronger base, pyridine, in spite of the fact that electrostriction 
of the unshared electron pair of the nitrogen will occur the more 
readily the stronger the base. Again, in qualitative agreement 
with the results of Matheson and Humphries (loc. cit.) for the 
reaction of phenacyl bromide and iodide with aniline, the velocity 
of reaction with the w-iodo-compound is, in most cases, slightly 
greater _ with the corresponding w-bromo-derivative, in spite 
PP 
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of the smaller electron affinity (— J effect) of the former halogen. 
This velocity order (I>Br) is exactly the opposite of that obtained 
in the reaction with pyridine (Br>I) in which no elimination of 
hydrogen halide is involved. The anomalous position of chlorine 
is, however, again evident. 

Mechanisms involving reaction with the enolic form of the ketone, 
€.9., 
R-C,H,°C(OH):CHX 


NH,Ph 


OH —HX 
RCH cH NHPh tomak R-CoHyCOCH,NHPh 


have been sabeled from the foregoing discussion, since they would 
be less readily applicable to the reaction with pyridine and, a priori, 
it seems reasonable to assume that the mechanisms of reaction 
with tertiary and with primary bases are of closely similar types. 
It is intended to elucidate this point by an analogous investigation 
of benzyl and £-phenylethy! halides. 


EXPERIMENTAL. 


Preparation of Materials —Phenacyl halides. These were pre- 
pared by the usual methods and purified by repeated crystallisation 
from alcohol and finally from ligroin (b. p. 40—60°) or from ether-— 
ligroin. The chloride, bromide, and iodide had m. p. 56°, 50°, and 
30° respectively. 

«-Halogeno-m-nitroacetophenones were prepared as described in 
Part I (loc. cit.) and after purification had m. p. 102—103° (chloride), 
96™ (bromide) and 96° (iodide). «-Bromo-p-nitro- and wp-dinitro- 
acetophenones were also prepared as described previously; m. p.’s, 
99° and 89—90° respectively. 

«-Bromo-p-methylacetophenone, prepared by bromination of 
p-tolyl methyl ketone (Kunckell, Ber., 1897, 30, 577), was converted by 
the action of aqueous-alcoholic potassium iodide in the usual manner 
into w-iodo-p-methylacetophenone, m. p. 44°, crystallising from ligroin 
(b. p. 40—60°), containing a little ether, in clusters of slender prisms 
(Found : C, 41-8; H, 3-6. C,H,OI requires C, 41-6; H, 3-5%). 

w-lodo-p-methoxyacetophenone. Although replacement of the 
chlorine in «-chloro-p-methoxyacetophenone * by bromine could 
not be effected even by prolonged heating with potassium bromide 
either in aqueous alcohol or in nitromethane, the «-iodo-derivative 
was readily obtained by warming with aqueous-alcoholic potassium 

* The author desires to express his thanks to Prof. G.'T. Morgan and 
Dr. G. R. Davies of the Chemical Research Laboratory, Teddington, for the 
kind gift of this material. 
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iodide; crystallised from ligroin (b. p. 40—60°) containing a little 
ether, it had m. p. 61° (Found: C, 40-0; H, 3-4. C,H,O,I requires 
0, 39-1; H, 3-3%). 

«-Bromopropiophenone was prepared by bromination of the 
ketone in acetic acid (Schmidt, Ber., 1889, 22, 3251), and. purified 
by distillation in a vacuum, b. p. 137°/15 mm., followed by erystallis- 
ation from ligroin (b. p. 40—60°) below 0°. 

m-Nitropropiophenone was prepared by nitration of propio- 
phenone in a mixture of nitric (d 1:52) and sulphuric (100-4%) 
acids at — 5° to 0°. The mixture was poured on ice and an excess 
of potassium hydrogen carbonate, and the neutral product extracted 
with ether. The residue from the dried ethereal extract crystallised, 
and, after draining on porous porcelain and crystallisation from 
alcohol, gave the pure m-nitro-derivative, m. p. 98°. | Bromination 
in acetic acid in the usual manner afforded m-nitrophenyl «-bromo- 
ethyl ketone, m. p. 65° after crystallisation from ether-ligroin (Found : 
C, 42:1; H,; 3-25. C,H,O,NBr requires C, 41-9; H, 3-1%). 

Action of Bases on w-Halogenoacetophenones.—(a) Qualitative. In 
preliminary experiments carried out in order to determine the 
most suitable bases for quantitative work, the following new 
derivatives were obtained by the interaction of the appropriate 
base and acetophenone derivative in absolute-alcoholic solution 
either by keeping at the ordinary temperature or by gentle warming. 

m-Nitro-w-antlinoacetophenone crystallised from ethyl acetate in 
slender yellow prisms, m. p. 175° (decomp.) (Found: C, 65-6; H, 
4-8. C,,H,,0,N, requires C, 65-6; H,'4-7%). 

Phenacylpyridinium bromide crystallised from absolute alcohol 
in stout prisms; m. p. 199—200° (decomp.) (Found : C, 56:3; H, 
4-6; Br, by titration, 28-8. C,,H,,ONBr requires 0, 56-1; H, 4-3; 
Br, 28-8%). 

m-Nitrophenacylpyridinium bromide erystallised from 96% alcohol 
in prisms, decomp. 250° (Found: C, 48-3; H, 3-4; Br, by titration, 
24-8. C,3H,,0,N,Br requires C, 48:4; H, 3-5; Br, 248%). 

m-Nitrophenacylphenyldiethylammonium. bromide. In this case 
precipitation of the salt with ether was necessary. Crystallised 
from absolute methyl alcohol containing a little ether, it had m. p. 
140° (decomp.) (Found: C, 52-0; H, 5-8. C,,H,,0,N,Br,CH,-OH 
requires C, 53-6; H, 5-9%). 

Phenacyltrimethylammonium fluoride was obtained by addition 
of the exactly equivalent amount of an aqueous solution of silver 
fluoride to a solution of the quaternary bromide in the same solvent. 
After separation of the precipitated silver bromide and evaporation 
of the aqueous solution at the ordinary temperature in a vacuum, 
the fluoride was obtained in small, extremely hygroscopic crystals. 
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On gentle warming, the odour of trimethylamine was perceptible, 
but no pure compound was isolated from the decomposition products. 

(b) Quantitative. The velocity of reaction of the various «-halo- 
genoacetophenone derivatives with aniline or pyridine was deter- 
mined by a method essentially similar to that of Matheson and 
Humphries (loc. cit.). 

The reaction vessel consisted of a 300-c.c. wide-mouthed Pyrex 
flask fitted with a rubber stopper through which passed a con- 
denser, a mercury-sealed stirrer, and a wide stoppered tube, by 
means of which the reactants were introduced and samples removed. 
The flask was kept in a thermostat at 30-5°+-0-1°. Both the 
reaction mixture and the water in the thermostat. were mechanically 
stirred throughout the experiments. The 90° alcohol used as a 
solvent was prepared by weighing the requisite amount of distilled 
water into pure, sodium-dried absolute alcohol. This solvent was 
used rather than absolute alcohol in order to prevent any alteration 
in the composition owing to absorption of water, and to minimise 
the possibility of crystallisation of the quaternary salts formed in 
the reaction with pyridine. Exactly 0-0025 g.-mol. of the aceto- 
phenone derivative was weighed into the reaction vessel and dis- 
solved in 50 c.c. of the 90% alcohol. After it had attained the 
temperature of the thermostat, 50 c.c. of a 90% alcoholic solution 
containing exactly 10 mols. of the base (also at the temperature 
of the thermostat) were added, and the time noted. The course 
of the reaction. was followed by running 10 o.c. of the reaction 
mixture at intervals into 20 c.c. of N/20-silver nitrate, 20 c.c.-of 
water, and a few c.c. of benzene (to dissolve organic matter), adding 
2 c.c. of ferric indicator, and titrating the excess of silver nitrate 
with N/20-ammonium thiocyanate solution. 

For economy of space, full details are given only in the first case in 
each series. The pseudo-unimolecular velocity coefficient was calcul- 
ated in terms of c.c. of N/20-silver nitrate, the time being in minutes. 


Interaction of Acetophenone Derivatives of Type R-C,H,CO-CHRX. 
(a) With pyridine (1-975 g. = 10 mols.). 


w-Bromo-m-nitroacetophenone (0-6100 g./100 c.c.). 
C.c. of N/20-AgNO, 


Time, mins. for halide ion. a— x. 10* & (min.~*). 
4 0-22 4-86 111 
10 0-55 4-53 115 
18 0-97 4-11 118 
30 1-60 3-58 117 
45 2-02 3-06 113 
65 2-56 2-52 108 
105 3°51 1-57 112 
245 4-89 0-19 —_— 
oo 5-08 — 


Mean 113 














Cone., No.of - — bax! 

Compound, g./100c.c. detmtns. Mean, Max. Min. 
w-Iodo-m-nitroacetophenone ...... 0-7375 7 82 85 79 

w-Chloro-m-nitroacetophenone .., 0-4988 3 15 No deviation 
w-Bromoacetophenone ............+++ 0-4975 5 65 69 62 
w-lodoacetophenone _ .............++ 0-6150 5 50 53 48 

w-Chloroacetophenone ............... 0-3863 3 1-1 No deviation 


(b) With aniline (2-325. g. = 10 mols.). 
w-Bromoacetophenone (0-4975 g./100 ¢.c.). 


C.c.. of N/20-AgNO, 


Time, mins. for halide ion. a— 2. 10 k (min.—"). 
2 0-19 4-76 (19) 
5 0-40 4-55 17 
10 0-75 4-20 16 
17 1-09 3-86 15 
25 1-48 3°47 14 
35 2-07 2-88 16 
45 2-22 2-73 13 
60 2-67 2°28 13 
oo 4-95 —- _ 
Mean 15 
10° k, min,-*. 
Cone., No.of + ~ 
Compound. g./100c.c. detmtns. Mean. Max. Min. 
w-Bromoacetophenone* ..........+, 0-4975 7 14 16 13 
w-Iodoacetophenone .......... eeeee 06150 6 15 165 14 
dacs that aveossenssdette 0-6150 7 15 15°5 14 
w-Chloroacetophenone ..,..........+. 0:3863 a 0°146 0-149 0-143 
w-Bromo-p-methylacetophenone 0-5325 6 11-4 11-7 11-2 
w-Bromo-m-nitroacetophenonet 0-6100 6 44 48 40 
w-Bromo-p-nitroacetophenonet ... 0-6100 5 35 37 33 
w-Bromo-wp-dinitroacetophenone 0-7225 4 0-025 0-029 0-020 
Phenyl] a-bromoethy] ketone ...... 0-5325 4 ca. 0-7 0-8 06 
m-Nitropheny! a-bromoethyl 
MOUUEED S " ncsuboccteosessocoonetescgsors 0-6450 4 2-6 2-7 2-5 
w-lodo-p-methylacetophenone 0-6500 6 11 12 10 
w-lodo-p-methoxyacetophenone 0-6900 6 10 ll 9 
w-Iodo-m-nitroacetophenone ...... 0-7275 6 46 50 44 
w-Iodo-p-nitroacetophenone ...... 0-7275 5 41-4 42 40 


* Re-determination. 


+ In the determinations of both the m- and the p-nitro-derivative, crystal- 
lisation of the w-anilino-compound occurs at an early stage in the reaction. 
This does not appreciably affect the constancy of the velocity coefficient 
since the aniline hydrobromide and the reacting materials remain in homo- 


geneous solution. 


The author desires to express his thanks to the Government 
Grant Committee of the Royal Society for a grant in aid of this 


work. 
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150. Hydrazine Formation in the Synthesis and De- 
composition of Ammonia. Part I. Synthesis of 
Hydrazine and Ammonia by Cathode Rays. 


By Gorpon Rupert GepYE and THomas EDWARD ALLIBONE. 


IN a previous communication (Proc. Roy. Soc., 1931, A, 130, 346), 
the effects observed in the decomposition of ammonia by cathode 
rays were described. The number of molecules decomposed per 
ion pair agreed with that obtained in the corresponding reaction 
with «-particles, and the intermediate formation of hydrazine was 
noted. The combination of nitrogen and hydrogen has been 
investigated under the action of «-particles and in the glow dis- 
charge, and a definite synthesis of ammonia observed. Lind and 
Bardwell (J. Amer. Chem. Soc., 1928, 50,745) found that the number 
of molecules of ammonia formed per ion pair (//N) corresponded to 
a mean value of 0-2, variability being ascribed to incomplete ab- 
sorption at the low concentrations employed. Ponsaerts (Bull. 
Soc. chim. Belg., 1929, 38, 110) obtained M/N = 0:3 by a static 
method. Brewer and Westhaver (J. Physical Chem., 1930, 34, 153), 
using the glow discharge, on certain assumptions, obtained M/N = 
0-25. On the other hand, Busse and Daniells (J. Amer. Chem. Soc., 
1928, 50, 3271) obtained such small and inconsistent yields in the 
corresponding reaction due to cathode rays that they considered their 
results not worth recording. 

We have therefore investigated this reaction and find that small 
yields of ammonia and hydrazine are obtainable. The long range 
of the cathode rays in a mixture of the composition 3H, : N, and the 
low efficiency of the reaction render the method somewhat less 
suitable for the investigation of this reaction than for the decom- 
positions of ammonia and of nitrous oxide previously described. 
We have therefore confined our investigation to the initial stages of 
the reaction and particularly to formation of hydrazine, which has 
not been previously detected in the reaction due either to «-particles 
or to high-velocity electrons. 


EXPERIMENTAL. 


The electrical apparatus and reaction vessel were as previously 
described (loc. cit., and J., 1931, 3016). The chemical apparatus 
was unchanged except for the substitution of quill-tubing spirals 
for the type of liquid-air trap previously employed. 

Hydrogen was prepared by the electrolysis of a solution of sodium 
and barium hydroxides, and mixed with nitrogen in a large aspirator. 
The gases were purified by passing over copper at about 550°, solid 
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potash and phosphoric anhydride, and finally through two spirals 
immersed in liquid air. The second spiral lay between the mercury 
manometers and the reaction vessel, thus assuring the absence of 
mercury vapour. 

After exposure to cathode rays, the gases were drawn slowly at 
reduced pressure through a spiral immersed in liquid air to freeze 
out condensable products, and under these conditions it was shown 
that absorption of such products was practically complete. Pre- 
liminary out-gassing of the vessel by electron bombardment was most 
important, for otherwise considerable quantities of condensable 
substances were liberated from the surface. Blank experiments 
showed that the gases after purification contained no ammonia 
detectable by Nessler’s selution. 

Readings on the McLeod gauge with the spiral at room temperature 
showed that the vapours formed did not obey Boyle’s law, but if 
the spiral were cooled in carbon dioxide and acetone, measurements 
could be made. The product uncondensed at —78° was proved to 
be ammonia by tests with Nessler’s solution. These were carried 
out by freezing this product in a side tube, sealing it off, and opening 
it under ammonia-free water. The colorimetric estimations agreed 
closely with the quantity of ammonia calculated from the readings 
of the McLeod gauge. The ammonia having been pumped off, the 
residual product was shown by McLeod-gauge readings to have a 
vapour pressure of about 15 mm. at room temperature. Its quantity 
could not, therefore, be measured on the gauge. It was shown to be 
hydrazine by a number of tests as follows : (1) It reduced a solution 
of gold chloride, giving a violet colour due to colloidal gold. (2) It 
reduced iodine and potassium permanganate. (3) On being heated 
in a sealed tube it gave ammonia, detected by Nessler’s solution. 
(4) It underwent thermal decomposition in a glass vessel into a 
permanent and a condensable gas in the proportion 1 : 4 by volume, 
according to the equation 3N,H, = 4NH;+N,. The following 
readings were obtained for the pressure (in mm.) : 


NH; . Nj. Total. Ratio, NH,;/N,. 
(1) 0-028 0-006 0-034 4-6 
(2) 0-034 0-008 0-042 4-2 


It is thus clear that nitrogen and hydrogen combine under the 
influence of cathode rays to form, not only ammonia, but also 
hydrazine. 

A large number of qualitative experiments were made both in 
Pyrex-glass and silvered vessels. Tests for hydrazine and ammonia 
were always positive. The following quantitative measurements 
were made, the maximum voltage being 220 kilovolts. 
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Ammonia. 
Initial Current 
pressure Time (micro- C.c. at Mols. per 
Mixture. No. (em.Hg). (mins.). amps.). N.T.P. electron. 
3H,: N, 1 75-0 5 2°5 0-027 155 
2 74-0 10 1-3 0-025 138 
3 30-0 5 2-3 0-011 71 
4 14:8 10 2-1 0-016 57 
5 5-4 10 2-3 0-008 26 
H,:N, 6 75-0 4’ 20” 2-2 0-014 105 
7 75-0 6’ 20’ 2-5 0-035 156 


No accurate determinations of hydrazine were made, but rough 
estimations by comparison of the effects produced with gold chloride, 
and by measurement of the volume of the products of thermal 
decomposition, showed that they were of the same order of magni- 
tude as the ammonia yields. The low efficiency of the reaction, com- 
bined with the long range of cathode rays in the 3H, : N, mixture, 
shows that it is not worth while attempting to work under con- 
ditions of complete absorption with a Tesla transformer. An 
approximate calculation of the amount of energy per molecule of 
ammonia formed is, however, possible. Calorimetric experiments 
described in our previous communication (loc. cit.) show that the 
mean energy utilised per electron at 75 cm. pressure is of the order 
30—50 kv. This gives about 300 electron volts per molecule of 
ammonia formed, and an ion-pair efficiency of about 0-1. Hydrazine 
being regarded as an intermediate product in the formation of 
ammonia, the agreement with the values obtained by other methods 
of investigation may be considered satisfactory. 


Summary. 

Small yields of ammonia and hydrazine were obtained by the 
action of high-velocity electrons on mixtures of nitrogen and 
hydrogen. Owing to the long range of such electrons in a N,: 3H, 
mixture, the method is not very suitable for the quantitative in- 
vestigation of this reaction. 

[Received, January 19th, 1932.] 





151. Hydrazine Formation in the Synthesis and De- 
composition of Ammonia. Part II. The. Photo- 
chemical Decomposition of Ammonia. 


By Gorpon Ruprrt GepyE and Eric KeicHtTLey RIDEAL. 


Tue formation of hydrazine in the decomposition of ammonia by 
cathode rays (Gedye and Allibone, Proc. Roy. Soc., 1931,.A, 130, 
346) suggested the probability of its formation in the photochemical 
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decomposition. While this work was in progress, Koenig and 
Brings (Z. physikal. Chem., Bodenstein Festband, 1931, 541) 
reported the formation of hydrazine in the photochemical decom- 
position of ammonia. The present. work confirms their results 
and contributes further information on the conditions under which 
hydrazine is formed. 


EXPERIMENTAL. 

The apparatus (see fig.) could be evacuated by means of a mercury 
diffusion pump, backed alternatively by a Tépler or a “ Hyvac ” 
pump. The quartz reaction vessel, C, was illuminated by means 
of a vertical quartz—mercury lamp which could be run either hot 
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or water-cooled. The taps were greased with Shell “ Apiezon L” 
grease, and the apparatus thoroughly out-gassed before use. 
Ammonia, prepared by reducing the pressure over an aqueous 
solution, was passed over soda-lime and phosphoric anhydride, 
and condensed in the trap H by liquid air, at the temperature of 
which its vapour pressure is immeasurably small. Any permanent 
gases were then pumped off and the ammonia further purified by 
repeated fractional distillation between the traps H and A, accord- 
ing to the following method. The traps D and B were cooled in 
solid carbon dioxide and acetone (— 78°). The liquid air, around 
the trap H which contained the ammonia initially, was then replaced 
by carbon dioxide and acetone, and A cooled in liquid air. The 
appropriate taps being opened, ammonia then distilled slowly from 
E to A, via D, C, B, the impurities condensing in traps D and B 
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and the last fraction remaining in H being rejected. The process 
was repeated until no trace of condensable impurity such as water 
or hydrazine remained behind in the traps cooled to — 78°. 

The experimental procedure was as follows: Ammonia, initially 
in £, was distilled into A, which was cooled in liquid air, through 
the illuminated reaction vessel C' and the trap B, which was cooled 
to — 78° to freeze out hydrazine, Under these conditions the 
ammonia in E remained at its m. p., at which temperature its 
vapour pressure is 4-4 em., until almost the whole had distilled 
over. The nitrogen and hydrogen formed during the exposure 
passed on, and were pumped off.continuously and collected for 
measurement. The light was then switched off and the ammonia 
again distilled three times through the trap cooled to — 78°. On 
removal of the cooling mixture from B, a condensable product 
could be seen as a white deposit on the sides of the trap. It was 
found that under the conditions practically the whole of the con- 
densable product was frozen out. Experiments could also be 
carried out by cooling D to — 78°, and distilling in the reverse 
direction. 

The condensable product was proved to be hydrazine by a deter- 
mination of the percentage composition and molecular weight by 
the following method. It was distilled into A, and freed from 
ammonia by removing the cooling mixture, allowing it to warm 
to room temperature, freezing it again and pumping off the uncon- 
densed ammonia. This process had to be repeated two or three 
times in order to remove all the ammonia. Observations of the 
difference in levels of the mercury columns in the McLeod gauge 
then showed the product to have 12—15 mm. vapour pressure at 
room temperature, i.e., about the same as water. The pressure of 
the product was read on the mercury manometer, and, the volume 
of the apparatus having been separately determined, the volume at 
N.7.P. was known. It was then distilled into B and decomposed 
by irradiation from the mercury lamp. The products were collected, 
measured, and analysed. From the data obtained the percentage 
composition and molecular weight were calculated, the results 
being as follows. 


Pressure by Hg manometer 3-1 mm.; corrected vol. 0-663 c.c. 
Analysis of gas after photochemical decomposition (c.c.) : 
Hg, 1-013; Ny, 0-598; NH, 0-255; total, 1-866. 


Thus the composition of the original product is : 


H = 1-396 c.c., N = 0-726 c.c., or H = 65-7%, N = 343%; 
and the molecular weight is 36-4, 
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The ammonia was separated from the permanent gases by liquid 
air and measured separately. The above results agree satisfactorily 
with the composition N,H,. The apparent error in the molecular 
weight is outside the limits of experimental error, but this is not 
unexpected, since it is doubtful whether Boyle’s law holds accurately 
for hydrazine at 3 mm. pressure at ordinary temperatures. Per- 
centage compositions obtained in two other cases in which the initial 
volume was not measured were 67-8 and 63-6% hydrogen (by vol.). 
The production of three volumes of permanent gas from one of the 
condensable products was also confirmed in a number of experiments. 

Tests were also made with gold chloride as described in Part I 
(this vol., p. 1158), and a violet colour obtained. 

Further tests were made by the thermal decomposition method 
(ibid.). Arather surprising result was obtained in a vessel thoroughly 
out-gassed by ‘an electric discharge. Instead of four volumes of 
ammonia and one of nitrogen, the products were condensable and 
permanent gases in equal volumes, as required by the equation 
2N,H, = 2NH, + N, + H,. This is the type of decomposition 
which occurs on a platinum or tungsten filament (Askey, J. Amer. 
Chem, Soc., 1930, 52, 970). The vessel in which this decomposition 
was observed was then cut out and replaced, and the hydrazine 
now decomposed normally into four volumes of ammonia and one 
of permanent gas: 3N,H, = 4NH,+ N,. Apparently out-gassing 
by an electric discharge alters the catalytic activity of the glass 
surface. 

In the following experiments the hydrazine was determined by 
measuring the gases formed in its photochemical decomposition, 
which was practically complete normally in about 4 hours. Water 
was not decomposed under these conditions, and hence any error 
due to its possible presence was excluded, The probable error in 
the determination of hydrazine due to incomplete freezing out, 
incomplete decomposition, and errors in measurement is considered 
to be not more than 10%. It was not expedient to increase the 
accuracy beyond this limit in view of the extra time required and 
the difficulty of control of other factors such as: flow-rate and 
pressure. All volumes have been corrected to N.T7.P. ' 

When ammonia was distilled from ZH to A the capillary exit of 
the reaction vessel was. water-cooled, i.e., the outflowing gases 
were rapidly cooled to room temperature. 

No detectable trace of condensable product could be obtained 
in a static system, when ammonia at 4:4 cm. was illuminated for 
15 mins, with the hot lamp. A careful analysis of the permanent 
gases formed during photochemical decomposition of ammonia by 
the hot lamp gave 75-4% of hydrogen. This does not differ by 
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Taste I, 
Yield. 
Time Mean Direc. Perma- N H,, 
of rateof tion of nent Hydr- as by of 
Expt. flow, flow, distil- Mercury gas, azine, NH, 
No. mins. c¢.c./min. lation. vapour. c.¢. c.c. decomp. 
(a) Lamp water-cooled. Approximate temperature of reaction vessel 45°. 
x 125 80 Ato H Excluded 18-72 0-707 13-6 
9 100 80 os ” 12-7 >0°325 >9-6 
34 68 43 Eto A a 4-40 0-284 21-6 
36 48 63 aa a 3-58 0-250 23-1 
38 28 89 AtoZ Present 5-09 0-111 8-7 
39 27 93 a ™ 2-30 0-043 75 
44 120 8 EtoA Excluded’ 14-0 0-0319 0-9 
(6) Lamp hot. Approximate temperature of reaction vessel 120°, 
40 «33 76 4 EtoA on 4:82  0-0543 4:8 
4134 74 m — 4-72 00614 4-4 
42 38 64 AtoZ —_ 6-09 0-032 2-1 
43 32 76 * — 387  0-0229 2-3 
4790 8  EtoA i 11-05 00107 0:40 


more than the experimental error from the proportion 3H, : Ng, 
and is in agreement with the low yield of hydrazine obtained. The 
hydrazine yield is greatly reduced by a lowering of the flow rate. 

Effect of Temperature.—The relative hydrazine yields in Table I (a) 
are consistently higher than those in Table I (6), which indicates 
that hydrazine formation is favoured at lower temperatures. Much 
higher yields were obtained on cooling the reaction vessel by flowing 
water, thus: 


Lamp hot. Reaction vessel water-cooled. 
Yield. 





Mean Direc- Temp. om N,H,, 
Time of rate of tion of of Perm. Hydr- as % of 
Expt. flow, flow, | distil- reaction gas, azine, NH, 


No. mins. c.c./min. lation. vessel. ¢.c, c.c. decomp. 
52 24 80 EtoA 11° 1-55 0-39 55-7 
53 55 8 *9 il 4-02 0-41 31 
54 35 70 ” 2 1:04 0-264 57-2 


In expt. 52 the permanent gases formed were analysed and 
gave 81%, hydrogen, in good agreement with the observed hydrazine 
yield. 

The relative hydrazine yield is greatly increased by lowering 
the temperature of the reaction vessel, and is far less dependent 
on the rate of flow when the reaction vessel is cooled. It would 
appear, therefore, that the principal effect of high flow-rate is due 
to the rapid removal of the products of reaction into colder parts 
of the apparatus. The effect of rapid cooling is also demonstrated 
by the relatively high yields in expts. 34 and 36, in which the exit 
of the reaction vessel was water-cooled, and also by the following 
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experiments, in which the conditions were as in expts. 40—43, but 
the capillary exit of the reaction vessel was cooled ‘in solid carbon 
dioxide and acetone : 





Yield. 
Rate of . N,H,, as % 
Expt. Time of flow, Permanent eatnaing, of NH; 
No. flow, mins. _c.c./min. gas, c.c. decomp. 
45 30 68 2-53 0- 0523 7:8 
46 25 82 2-37 0-0523 8-3 


It was observed that rates of decomposition of ammonia and 
hydrazine under similar conditions were of the same order of magni- 
tude. Since, with the rate of flow normally employed, the amount 
of decomposition of ammonia was only about 0:1% of that flowing 
through the reaction vessel, it is clear that the photochemical 
decomposition of hydrazine cannot seriously affect the relative 
yields. Further, the thermal decomposition of hydrazine cannot 
appreciably affect the results, since this does not become measurable 
below 200°. 

Preliminary experiments were carried out on the mercury- 
sensitised reaction. A 25% solution of acetic acid was used as a 
filter to cut out the short-wave radiation which decomposes ammonia 
directly. |The gas was passed over mercury, electrically warmed 
to about 40°, to ensure saturation. Observation with a spectro- 
scope and fluorescent screen revealed the 253-7 up line in the 
reaction vessel when mercury only was present. On admission of 
ammonia, its intensity decreased, and was completely suppressed 
by 1-0 cm, pressure of the gas. The result obtained was as follows : 


Temp. of reaction vessel ... 18° Yield of permanent gases (c.c.), 1:00). 


Time of flow (mins.) ......... 89 Yield of hydrazine (c.c.) ...... 0-0053 
Mean rate of flow (c.c./min.) 101 Yield of N,H, as % of ammonia 
GEOCOMP, || 4 0i60dce Joins cnicssdeo donde 2-0 


The value for the yield of hydrazine may be slightly low, for 
decomposition was not carried quite to completion in its deter- 
mination. The relative yield is very much smaller, however, than 
under comparable conditions in the direct reaction. It is significant 
that Dickinson and Mitchell (Proc. Nat. Acad. Sci., 1926, 12, 692) 
found 87% hydrogen in the products of the direct photochemical 
reaction and 70% in the mercury-sensitised reaction, indicating 
the formation of a nitrogen-rich compound (hydrazine) in the direct 
reaction. The low value in the photosensitised reaction was 
ascribed to clean-up of hydrogen. 


Discussion. 

The decompositions of ammonia by cathode rays and by light 
show certain similarities, and a comparison of the two reactions 
affords information on the mechanism of the photochemical reaction. 
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In the decomposition of ammonia by cathode rays the inter- 
mediate formation of NH is proved by the observation of its char- 
acteristic bands when an electric discharge is passed through 
ammonia, as already pointed out by one of us (Gedye, Trans. 
Faraday Soc., 1931, 27, 474). Bartlett’s analysis of the positive 
ions formed by electron bombardment of ammonia (Physical Rev., 
1928, 33, 169) reveals the presence of NH, and NH,’ at very low 
pressures, the ion NH* appearing at higher pressures. The lowest 
energies at which the three types of ion appeared were (in electron- 
volts): NH,°, 11:2; NH,°, 12-0; NH’, 11-2, the value for NH, 
being in good agreement with that obtained by other workers. 
No negative ions, and few if any H’ ions, were obtained. This led 
to the conclusion that NH" ions are provided by collision of ammonia 
molecules with the primary products, NH, and NH,°. Further 
dissociation might be expected to occur on recombination of the ions. 
It is to be noted, however, that 11-2 volts provide insufficient energy 
to give complete dissociation according to the equation NH, = 
N+ 3H. We may, therefore, conclude that the products formed on 
ionic recombination are NH, atomic hydrogen, and possibly NH. 

The formation of hydrazine from ammonia in the discharge can 
be almost quantitative with a high flow-rate and low pressure at 
— 75° (Koenig and Brings, Joc. cit.), and Gedye and Allibone (loc, 
cit.) found yields of over 40%, at low pressures in a static system, 
under cathode ray bombardment, at room temperature. It is 
probable that hydrazine formation is due mainly to the reaction 


NH +NH,=N,H, . = . -() 


which will probably require three-body collision for stabilisation of 
the molecule of hydrazine. 

The preferential formation of hydrazine at low pressure and 
temperature indicates that an alternative reaction resulting in 
direct production of nitrogen and hydrogen, presumably 

NH + NH, = N,+ 2H, . » . . (2) 
is favoured by higher pressure or temperature. This mechanism 
would result in a maximum efficiency of two molecules of ammonia 
decomposed per ion-pair, provided no reaction occur between 
atomic hydrogen and ammonia. This is in agreement with the 
observations of Gedye and Allibone (Joc. cit.). The value of 1-2 
given in that paper was based on the total ionisation in ammonia 
relative to air being 0-95. Using the more reliable value of 0-90 
(Laby, Proc. Roy. Soc., 1907, A, 97, 206), and applying a more 
aceurate cooling correction to our calorimetric experiments, we 
now obtain 1-3. The earlier suggestion that negative ions may 
participate to an important extent must be withdrawn, as: not 
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being in accordance with the experimental data. Reaction occur- 
ring between atomic hydrogen and ammonia at high temperatures 
would lead to a maximum efficiency of 4 molecules decomposed 
per ion-pair in accordance with the results of Wourtzel (Le Radium, 
1919, 11, 289). The reaction 


NH, + H=NH,+H,. 0.0)!" '@) 


is almost certainly accompanied by only a small energy change and 
would be favoured by rise of temperature. 

If we now compare these results with those of the photochemical 
reaction, we notice certain similarities. Hydrazine is produced in 
both cases, and the same factors—low temperature and high flow- 
rate—favour its formation. The quantum and ion-pair efficiencies 
possess similar temperature coefficients. On the other hand, the 
quantum efficiency at ordinary temperatures, viz., 0-23 (Warburg, 
Sitz. Preuss. Akad. Wiss., 1911, 746), is much less than the ion-pair 
efficiency. 

The work of Bonhoeffer and Farkas (Z. physikal. Chem., 1928, 
134, 337) shows that the photochemical reaction in the range of 
wave-lengths investigated is a case of predissociation. The only 
primary processes possible for a quantum corresponding to the 
wave-lengths employed are : 


NH, =NH,+H. . 2.04) 4) 
or NH, = NH + Hy. 2b (6) 


The similarity found by Haber, Farkas, and Harteck (Naturwiss., 
1930, 18, 443) between the effects of illuminated ammonia on the 
explosion temperature of hydrogen—oxygen mixtures and those of 
hydrogen atoms indicates that the principal reaction occurring is 
(4). This is not quite conclusive, for an active radical such as NH 
might be expected to produce a similar effect. If, however, (5) 
were the principal primary reaction, it would be difficult to account 
for the lower efficiency of the photochemical reaction. The results 
of our investigation show that if (4) is the primary reaction, two 
secondary reactions are possible, viz., 


NH, -+ NH, = NgHy. ee) efter os 
Or NH, + NH, = N, +}- 2H, . . . . (7) 


(7) being favoured by rise of temperature. 

Since hydrazine is decomposed by ultra-violet light according to 
the equation 2N,H, = 2NH, + N, + H,, the expected quantum 
efficiency as determined by the ultimate nitrogen and hydrogen 
produced should be between 0-33 and 1-0, depending on the relative 
hydrazine yield, or might be somewhat lower if the reaction NH, + 
H = NH, occurs to an important extent. Reaction between atomic 














1168 HYDRAZINE FORMATION IN THE SYNTHESIS, ETC. PART II. 


hydrogen and ammonia should predominate at higher temperatures 
and would lead to a maximum quantum efficiency of 2. It will be 
interesting, therefore, to know whether Kuhn’s value of 3:3 at 
500° (Compt. rend., 1924, 178, 708) can be confirmed. The in- 
hibiting effect of hydrogen at high temperatures observed by Kuhn, 
not occurring at ordinary temperatures, may be due to the reverse 
of reaction (3). It is significant that Kassel and Noyes (J. Amer. 
Chem. Soc., 1927, 49, 2495) found a quantum efficiency of 0-7 at 
ordinary temperatures in the range 160—190 uy. The reaction 
NH, = NH + 2H becomes possible below 170 yy and provides a 
possible explanation of the higher efficiency at short wave-lengths. 
In the union of nitrogen and hydrogen, Caress and Rideal (Proc. 
Roy. Soc., 1927, A, 115, 684, 1927) and Brett (ibid., 1930, A, 129, 
319) have shown that the reaction in the low-voltage arc is due 
mainly to N,° and N° ions. Caress and Rideal showed that in the 
presence of atomic hydrogen, some reaction occurred (at 13 volts) 
below the ionisation potential of nitrogen. This would probably 
be due to the hydrogen ion formed at this potential. Normal 
hydrogen atoms did not react with nitrogen except on a catalytic 
surface. According to Lewis (J. Amer. Chem. Soc., 1928, 50, 27), 
active nitrogen which contains metastable molecules and atoms 
reacts with atomic hydrogen to give ammonia, but no reaction was 
observed between active nitrogen and normal hydrogen or between 
normal nitrogen and atomic hydrogen. No hydrazine was detected 
in any case. Steiner (Z. Elektrochem., 1930, 36, 807), on the other 
hand, found that reaction between active nitrogen and active 
hydrogen yielded ammonia, and reaction between active nitrogen 
and molecular hydrogen gave hydrazine. No reaction was observed 
between atomic hydrogen and normal nitrogen, in agreement with 
Caress and Rideal. In the mercury-sensitised reaction, Hirst (Proc. 
Camb. Phil. Soc., 1926, 23, 162) obtained traces of ammonia, and a 
reducing substance which he believed to be hydrazine, in the pres- 
ence of liquid mercury. Gaviola and Wood (Phil. Mag., 1928, 6, 
1191), showed that NH bands appeared when nitrogen was mixed 
with a small quantity of hydrogen and illuminated by the line 
253-7 uy in the presence of mercury vapour. They concluded that 
the formation of NH required dissociation of the nitrogen molecule 
by two collisions with excited or metastable mercury, the improb- 
ability of this occurrence accounting for the low efficiency of the 
reaction, and that excess hydrogen removed NH by formation of 
ammonia, the reaction H + N, = NH +N being impossible on 
thermochemical grounds. Under the action of high-velocity elec- 
trons it is certain that both atomic nitrogen and atomic hydrogen 
would be formed, since the ions H’, H,° (Brasefield, Physical Rev., 
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1928, 31, 52), and N* (Hogness and Lunn, ibid., 1925, 25, 786) are 
known to be formed by electron bombardment in hydrogen and 
nitrogen respectively. In the discharge tube the NH bands have 
been observed for all mixtures of nitrogen and hydrogen (Lewis, 
Astrophys. J., 1914, 40, 154). 

All investigations agree, then, that in the presence of atomic 
hydrogen and nitrogen, reaction occurs according to the equations 
N+ H=NH, NH + H, = NHy, three-body collisions being pre- 
sumably required. The formation of hydrazine observed by Hirst, 
Steiner, and ourselves in each case occurred in the presence of 
atomic nitrogen, and the most probable mechanism is that suggested 
by Steiner, viz., N+ H, = NH,, 2NH, = N,H,. To this we may 
add that our results on the photochemical decomposition show that 
only a part of the NH, molecules react to form hydrazine, and the 
yield should fall off very rapidly with rise of temperature. 


Summary. 


(1) The photochemical decomposition of ammonia by the total 
radiation from a quartz—mercury arc has been investigated by a 
flow method. 

(2) The formation of hydrazine has been proved by a determin- 
ation of the percentage composition and molecular weight of the 
condensable product formed. , 

(3) The relative yield of hydrazine is favoured by low tem- 
perature of the reaction vessel, high flow-rate, and rapid cooling 
of the gases leaving the reaction vessel. Under the optimum 
conditions the yield may represent over 50% of the decomposed 
ammonia. Very little hydrazine is obtained in the mercury- 
sensitised decomposition. 

(4) The decompositions of ammonia by light and ionising radi- 
ations are discussed and compared. 


Tae LABORATORY OF PHysICcCAL CHEMISTRY, 
CAMBRIDGE. [Received, January 19th, 1932.] 





152. Hydrazine Formation in the Synthesis and De- 
composition of Ammonia. Part III. A Note on 
the Synthesis of Hydrazine at Catalytic Surfaces. 

By Gorpon Rupert GEDYE and Eric KgicHTLEy RIDEAL. 


THE formation of hydrazine from its elements by gaseous ionisation 
raises the question whether it is also formed as an intermediate 
product in the thermal synthesis of ammonia. 
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Preliminary experiments were carried out with palladised copper 
as catalyst, prepared by cleaning copper turnings with dilute nitric 
acid and treating them with palladium nitrate, and rendered active 
by alternate oxidation and reduction down to below 200°. The 
mixed gases, prepared as described in Part I (this vol., p. 1158), were 
purified by passage through pyrogallol, sulphuric acid, and then 
successively over caustic potash, catalyst, potash, and  phos- 
phoric anhydride. Any ammonia and hydrazine formed were 
removed from the gases by cooling in liquid air, the former being 
determined by pressure measurements over solid carbon dioxide 
and ether. No condensable products were obtained in the liquid- 
air trap when the catalyst was used cold. With an active catalyst, 
ammonia was detectable at 200°, with a flow-rate of the gases over 
the catalyst of 40 c.c./min., 0-95 x 10° c,c. being obtained per 
litre of gas. No measurable trace of any substance remained after 
pumping off the ammonia with the catalyst below 400°. A con- 
densable vapour with vapour pressure about 15 mm. at room tem- 
perature and capable of reducing gold chloride solution was obtained 
on raising the temperature to 480°. The gold chloride red.ction 
is also given by hydroxylamine, but the latter possesses only a 
small vapour pressure at room temperature. After activation of 
the catalyst by successive oxidations and reductions down to 160°, 
with a high rate of flow (ca. 150 c.c./min.) yields could at first be 
obtained at 480° as high as 2—3 x 10° c.c. per litre of gas. After 
several hours at this temperature, or immediately at 610°, no 
further detectable quantities could be obtained until the catalyst 
haa been reactivated, a process which occupied several days. 

The palladised copper was accordingly replaced by the usual 
iron catalyst promoted with the oxides of aluminium and potassium 
obtained from the Fixed Nitrogen Research Laboratory, Washington, 
D.C., to whom our thanks are due. To reduce any oxide to iron 
and remove adsorbed gases, the catalyst was heated to 550° altern- 
ately in hydrogen and in a vacuum, the process being continued 
for about 32 hours after reduction was apparently complete. 

Purification of Gases.—In order to eliminate the possibility of 
production of hydroxylamine, it was essential to purify the gases 
carefully from oxygen and water. The procedure adopted was as 
follows: The mixed gases were bubbled slowly through (i) alkaline 
sodium hyposulphite (to remove oxygen and carbon dioxide) and 
(ii) 50% sulphuric acid (to remove alkaline impurities such as 
ammonia), then over (iii) solid caustic potash (to trap sulphuric 
anhydride and water), (iv) heated non-active copper (to remove 
the last traces of oxygen), (v) phosphoric acid (to remove any 
ammonia or hydrazine formed on the heated copper), and (vi) 
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phosphoric anhydride (to remove traces of water). They were 
then stored in a large reservoir. 

From this, they passed through a heated combustion-glass tube 
containing the catalyst, and then through a liquid-air trap to con- 
dense hydrazine or ammonia formed by synthesis. The whole 
apparatus as far as the potash tube was tested and found to be 
vacuum-tight. No attempt was made to ensure complete absorp- 
tion of the condensable products in liquid air, since it was more 
important to employ a high rate of flow, which, in each experiment, 
was the maximum possible for the pumping system employed. 
5 Litres of gas were used in each cage, and 99% of the gas passed 
over the catalyst in 6 minutes. Temperatures were recorded by 
means of a copper-constantan thermocouple. The absolute 
values are probably correct to about 10°, and the differences over 
the range employed to 2—3°. 

Before each experiment 1—2 litres of gas were passed over the 
catalyst, the products not being collected, and the catalyst. was 
baked out in a high vacuum between exposures. 

The temperature of the catalyst fell when the gas was passed 
over, the recorded temperatures being the minimum observed 
during gas flow. The method of detecting hydrazine by its thermal 
decomposition was described by Gedye and Allibone (Proc. Roy. 
Soc., 1930, A, 130, 346). 

The following results were obtained : 


Yield of NH,, 
Expt. No. Mixture. Temp. e.c. at N.T.P. Hydrazine. 
1 N, : 3H, 528° 0-59 See note A 
2 N, : 2H, 565 0-31 oy B 
3 Nz : 2H, 475 0-052 9° C 
4 N, : 2H, 437 0-17 ” D 
5 N, : 2H, 580 0-23 a E 


A. Thermal decomposition gave the following results : 
Pressure of products (total) 0-015 mm. 
- - (non-condensable in liquid air) 0-012 mm. 

Residue gave distinct positive test with gold chloride. 

Half product gave very faint positive test with gold chloride. Colour 
was only appreciable after 2 days’ standing. 

Product gave distinct positive test with gold chloride. Appreciable 
colour developed in 40 mins. 

Successive readings for thermal decomposition method gave : 


(a). (b). (ce). Total. 
Permanent gases (mm. Hg) ... 0-0061 0-0052 0-0054 00167 
Condensable .,, * .- 00042 0-0041 0:0039 0-0122 


Residue gave very faint positive test with gold chloride. 

E. Eaint positive test with gold chloride. 
These results demonstrate quite clearly the formation of hydrazine, 
the relative yield being greater at lower temperatures. The thermal 
decomposition experiments both agree with the equation, 3N,H, = 
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4NH, + N,, within the limits of experimental error for the small 
quantities available for the test. 

The results of expt. 4 enable an approximate calculation of the 
relative yield to be made. The yield of hydrazine calculated from 
the thermal decomposition is 0-0031 c.c. which will be somewhat 
low owing to a trace remaining undecomposed. This corresponds 
to approximately 2°, of the total yield by volume, or nearly 4% 
by weight. It is known that hydrazine is formed during the catalytic 
oxidation of ammonia (Hofmann and Korpiun, Ber., 1929,' 62, B, 
3000), but it seems improbable that traces of oxygen which might 
have survived the rigorous system of purification could be re- 
sponsible for the formation of this amount of hydrazine. 

The irregularity of the yields of ammonia is to be expected, since 
the effective rate of flow over the catalyst cannot be reproducible 
under the conditions employed. 

Two blank experiments were carried out with the catalyst cold. 
In both cases less than 0-0002 c.c. of any product condensable in 
carbon dioxide and ether was obtained from 3 litres of gas. 


Summary. 

Hydrazine, as well as ammonia, is formed by the union of nitrogen 
and hydrogen on the surface of a catalyst of iron, promoted by 
oxides of aluminium and potassium. The relative yield of hydr- 
azine is greater at lower temperatures. At 437° with a very high 
flow-rate, it was approximately 4% by weight. 


We have to thank Professor T. M. Lowry, in whose laboratory 
the work was carried out. 


Tue LABORATORY OF PHYSICAL CHEMISTRY, 
CAMBRIDGE. [Received, January 19th, 1932.] 





153. Chlorine Hydrate. 
By 8. Anwar-ULLau. 


CHLORINE hydrate was discovered in 1811 by Davy (Phil. Trans,, 
101, 155) and analysed in 1823 by Faraday (Quart. J. Sci., 15, 71), 
who proposed the constitution Cl,,10H,O. It has since beenexamined 
many times, and other formule suggested. Maumené (Bull. Soc. 
chim., 1883, 39, 397) concluded that under different conditions 
Cl,,12H,O, Cl,,7H,O, and Cl,,4H,O could all exist. Roozeboom 
(Z. physikal. Chem., 1888, 2, 452) decided in favour of Cl,,8H,0, 
and Bouzat and Aziniéres (Compt. rend., 1923, 177, 1444) obtained 
results pointing to Cl,,6H,O, the value supported by analogy with 
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other hydrates and by the theories put forward by De Fourerand 
(Compt. rend., 1901, 133, 1304; 1902, 134, 88). The uncertainty 
of the formula of this hydrate was realised during the examination 
of the hydrate deposited from the solution of mixtures of bromine 
and chlorine (see following paper), and several attempts were made 
to determine the constitution. The results obtained by two different 
methods, involving different conditions and different manipulation, 
agreed satisfactorily and entirely support the formula Cl,,6H,O. 
The difficulty of drying and handling a hydrate of a material so 
volatile as chlorine is obvious, and Faraday, who made a direct 
analysis of the crystals, was driven to base his conclusions on the 
highest percentage of chlorine found during his series of experiments, 
rather than on the mean; even then, he realised that his estimate 
might be too low. It is probably owing to the same difficulty that 
such inconsistent values have since been reported; and the experi- 
ments described below were designed to evade it as far as possible. 


EXPERIMENTAL. 


Method I.—An attempt was made to determine the composition 
by measuring the volume of chlorine absorbed by a known weight of 
water in forming the solid hydrate at 0°, at which temperature the 
dissociation pressuze is well below 760 cm. The water was weighed 
in a thin glass bulb, which was afterwards broken in a chamber filled 
with dry chlorine. This chamber was attached to a gas burette, 
modified for use with chlorine, but the apparatus is not described in 
further detail, as the method failed completely owing to the slow 
rate of absorption of the gas. A thin crust of the hydrate was 
formed on the surface of the water and seemed to be almost 
impervious to the gas. 

Method II.—The hydrate is in equilibrium with a chlorine pressure 
of 1 atm. at about 0°, and it can be stabilised up to much higher 
temperatures by increasing the chlorine pressure. If, therefore, 
water and excess of liquid chlorine are introduced together in a tube 
which is subsequently sealed, the hydrate is formed at laboratory 
temperatures, without fear of dissociation. The tube may then be 
cooled at 0°, and opened, the excess of chlorine being allowed to 
escape, and the hydrate remaining unchanged, The contents of 
the tube may then be analysed for water and chlorine, 

This is the method which was used by Bouzat and Aziniéres, and 
it gives concordant results if appropriate precautions are taken. 
The vessels (Fig. 1) were made of stout glass, to withstand about 10 
atm. pressure. Water (about 5 g., insufficient to reach the bottom 
of tube A) was introduced through that tube and weighed, The 
apparatus was then cooled in solid carbon dioxide, and about 25 ¢.c. 
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of liquid chlorine (prepared by the permanganate method, and dried 
over phosphoric oxide) were condensed in it. The tubes A'and B 
were sealed off, and the apparatus allowed to warm. A thick 
crust of the hydrate was always formed at the junction of the 
chlorine and the ‘ aqueous layer, and delayed the combination of the 
remaining water almost indefinitely (see above). It was necessary, 
therefore, to heat the tube to 30°, at which temperature the hydrate 
dissociated within the sealed tube’ into two liquid layers: The 
tube was then shaken well while cooling, so that the hydrate was 


Fig. 1. 
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deposited as a sludge and not as a continuous layer. After various 
periods (several hours), the tubes were cooled to 0°, and the tip of 
B broken. The excess of chlorine rapidly distilled away, and when 
the evolution of gas was complete, the tubes were re-sealed and 
re-weighed, this giving the weight of chlorine that had combined with 
water, a correction being applied for the gaseous chlorine present in 
the tube. The tubes were finally reopened and an independent 
estimate of the chlorine was obtained by boiling it off into potassium 
iodide solution. The results of the first few trials on this procedure 
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were disappointing, giving 7—10 mols. of water per mol. of chlorine. 
It was soon realised that the inconsistencies:were due to the slowness 
of the reaction, frozen globules of water evidently being retained 
within the solid hydrate. Table I shows that this hypothesis was 
correct : only after the chlorine and water have been in contact for 
many days can consistent results be assured. 


TABLE I. 


Time W.of W.of Time W.of W.of 
of hydrate, water Ratio of hydrate, water Ratio 


storage. g. taken, g. Cl: H,O. storage. g. taken,g. Cl: H,O. 
1} Hrs. 5-994 4°39 1:96 5 Days 79607 4-8008 1: 6°35 
Week-end 6-6964 1-1438 1:68 3° 7:3234 4°7943 1: 7°55 
3 Hrs. 71100 4-8125 1:82 24 Hrs. 2-9843 18106 1:6-08 
2 Days 7:3086 46996 1:7-05 44 Months 7-:3570 4-9382 1: 6-12 
10 Min. 6-9359 4-7958 1:8:8 4} oe 9-5301 5°8270 1: 6°30 
1 Week 79400 49260 1:6-442 9 ‘i 7-9388 4-8228 1:610 
24 Hrs. 8-0153 4°7958 1:5°898 9 - 8:0744 4-8624 1: 5-97 


It is evident that when sufficient time is allowed for completion of 
the reaction, this method of estimation gives a molecular ratio 
Cl,: H,O of 1:6. The mean of the four values from tubes which 
have stood for 44—9 months is 6-12. The mean of Bouzat and 
Aziniéres’ results by a similar procedure was 6-45, the maximum 
being 6-75, and the minimum 6-32. These higher values may well 
have been due to incomplete reaction, for their tubes were apparently 
not stored for any length of time. 

A few tubes were kept for about 2 days at — 34°. The analyses 
agreed with a hexahydrate, showing that the compound is still 
stable at this temperature. 

Method III.—The foregoing method would seem to establish the 
formation of the hexahydrate under the conditions imposed, 7.e., 
excess of chlorine under pressure. The higher values given in the 
literature are so numerous as to make it possible that a different 
hydrate would be found by examining the crystals formed from 
aqueous solutions of chlorine, as these were invariably the material 
on which the earlier determinations were based, and further experi- 
ments were made to test the point. It was found that such crystals 
can be dried satisfactorily at 0°, in a current of chlorine, and that 
consistent analyses can be obtained in this way. The apparatus 
employed is shown in Fig.2. A sintered-glass disc, of 2 cm. diameter, 
was sealed into a glass tube, the top of which was connected by a 
cap and a ground joint to a supply of chlorine. Suction from a 
water-pump was applied to the lower end of the tube, and the 
whole arrangement was cooled in an ice-bath. 

A crop of hydrate crystals, prepared by passing chlorine into water 
as 0°, was transferred to the filter tube, the cap replaced, and the 
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crystals sucked dry in an atmosphere of chlorine. Variation in the 
time of drying had no influence on the results. The crystals when 
dry were removed with a cool glass spatula, and dropped into a 
weighed vessel containing dilute aqueous ammonia or potassium 
iodide. The total weight of the hydrate, and the chlorine content 
were thence obtained. Table II shows that, under these conditions 
also, the hexahydrate is formed. 


Taste II, 

W. of W. of Mol. ratio W. of W. of Mol. ratio 
hydrate, g. chlorine, g. Cl, : H,O. hydrate, g. chlorine, g. Cl, : H,O. 
05406 0-2061 1: 6°15 0+7202 0-2802 1: 6°15 
0-3187 0-1264 1: 6-01 0-7196 0-2851 1 : 6-02 
0°3247 0-1242 1 : 6-45 0°4425 0-1760 1:59 
0+2628 0-1020 1 : 6-25 0-3790 0-1509 1: 6-0 


Method IIIa.—Finally, a few determinations were made by a 
slight modification of this procedure. The hydrate was prepared 
in a dilute solution of copper sulphate of known concentration instead 
of in water, and the crystals were collected as before, but. were only 
imperfectly dried. The analysis was carried out as before, but the 
copper sulphate retained by the wet crystals was afterwards esti- 
mated colorimetrically by the ferrocyanide method; calculation 
then gave the amount of uncombined water adhering to the crystals. 
This modification yielded less consistent results, but sufficed to 
indicate that the drying procedure is free from serious error. The 
molecular ratios found were Cl, : H,O = 1: 6-15, 1: 6-4, and 1: 5-6. 


Summary. 


The chlorine hydrate formed under different conditions of tem- 
perature, pressure, and relative concentration of the constituents, 
within the range of the present experiments, has always the com- 
position Cl,,6H,O. The higher values previously recorded are 
probably to be ascribed either to incomplete reaction between water 
and chlorine, or to imperfect drying of the hydrate before analysis. 

Tae Sm Wri11am Ramsay LABORATORY OF PHYSICAL 


AND INORGANIC CHEMISTRY, UNIVERSITY COLLEGE, 
LonDoNn. [Received, February 10th, 1932.] 





154. Bromine Chloride Hydrate. 


By 8S. Anwar-ULLAH. 


THEcompound BrCl has been discussed in several recent publications, 
but almost the only reference to a possible hydrate of it is that by 
Léwig (Diss., Heidelberg, 1829), who isolated an orange-red crystal- 
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line compound, BrCl,5H,O, by mixing chlorine, bromine, and water 
at about 0°. Bornemann (Annalen, 1877, 189, 183) repeated 
Léwig’s work and concluded that the crystals might only be mixed 
crystals of the simple hydrates, but that if they were to be regarded 
as a true compound, this must be BrCl,10H,O. 

The present experiments arose from the following observation. 
Chlorine was passed into liquid bromine under a layer of water. 
After apparent saturation had been reached, the system was kept 
for some hours at room temperature, and a large crop of orange-red 
crystals then separated spontaneously. 

At atmospheric pressure, the decomposition temperature of 
chlorine hydrate is 9°, and that of bromine hydrate is 6°. It was 
therefore certain that these crystals could not be either of these 
simple hydrates, but must be either the hydrate of bromine chloride, 
or, less probably, mixed crystals of the two simple hydrates, 

Further experiments made it obvious that chlorine and bromine 
markedly increase one another’s solubility in water, so that water 
saturated with respect to both halogens must contain a considerable 
concentration of bromine chloride, and hence it again seemed probable 
that the crystals mentioned above were of the binary hydrate. 

It was sought to establish the composition of the crystals by 
determining (1) the ratio of the two halogens and (2) the proportion 
of water. 

(1) Chlorine : Bromine Ratio.—Chlorine was passed into bromine 
under water at 0° until a large crop of hydrate had separated in the 
aqueous layer. The water and crystals were decanted from the 
bromine, and warmed to about 20° to dissolve the hydrate. On 
being cooled to 14° and inoculated with a few crystals from another 
preparation, the solution afforded a mass of the orange hydrate. 
This was rapidly collected on a sintered-glass plate, and part of it, 
on being dropped into dilute aqueous ammonia at 0°, quietly dissolved 
without effervescence. The ammonia solution was then boiled, 
and subsequent titration of the total halogen by means of silver 
nitrate, combined with a weighing of the mixed silver halide pre- 
cipitated by an excess of the reagent, afforded the requisite data. 
The following table shows the results of six such determinations, 
made upon crops of hydrate separating at 14° or above. 


Wt. of Ag in ppt., Ratio 
halide, g. g--mol. Cl, g.-mol, Br, g.-mol. Cl: Br. 
0-5052 0:00312 0:001545 0-00157 1: 1-02 
0-7428 0-004452 0-00237 0002079 1 : 0-877 
0-3098 0:00201 0-001424 0-001719 1: 1-20 
0-8884 0005324 0-002745 0-002579 1 : 0-959 
0-4662 0-002854 0-001301 0-001553 1:1-19 
0-4500 0-00273 0-001127 0001603 1: 142 
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The average molecular ratio Cl: Br is 1: 1-08. The individual 
determinations deviate considerably from this ratio, but a small error 
in the analytical procedure produces a relatively large effect on the 
apparent ratio. As a further test of the constancy of the Cl: Br 
ratio in the hydrate, chlorine was bubbled through a. saturated 
solution of bromine and chlorine at 14° ; the ratio Cl: Br in the result- 
ing crop of crystals was unchanged. On the other hand, crystals 
grown just above the decomposition temperature of chlorine hydrate 
(10—12°) gave irregular analyses : 


Wt. of Ag in Ppt.» Ratio 
halide, g. g--mol. Cl, g.-mol. Br, g.-mol. Cl: Br. 
0°9550 0:005634 0-001613 0-004021 1: 2:5 
0-9561 0-00581 0-002408 * 0-0034 1:14 
1-11580 0-006860 0-002137 0-004723 1’: 2-2 
1-6104 0009558 0-003232 0006326 1:20 
0-3098 0-00201 0001424 0-000526 1: 0-41 
0-1242 0-00069 0-0002 0-00049 1:24 


It, appears, therefore, that crystals containing bromine and 
chlorine in equimolecular ratio can always be prepared from aqueous 
solutions of the two halogens by keeping the temperature sufficiently 
high, but that near the point at which chlorine hydrate becomes 
stable they contain excess of bromine and may be mixed crystals of 
the hydrates of bromine chloride and bromine. The proportion of 
water present in these crystals was not determined. 

(2) Water Content.—In the preceding paper, several methods of 
analysis have been described for the determination of water in 
chlorine hydrate. Of these, only method IIIa is applicable to the 
present problem. It is not, possible to dry crystals containing both 
bromine and chlorine in the manner used for chlorine hydrate in 
method ITI, so the use of an indicator substance to give an estimate 
of the uncombined water, weighed along with the undried crystals, is 
essential. Analytical details were as already described (loc. cit.). 
The values tabulated below were all obtained from crops of crystals 
grown at 14°. 


Wt. of wet Wt. of Wt. of Wt. of combined Ratio, 

crystals, g. water,g. halogens, g. water, g. halogen : water. 
1-6394 0-7814 0-5334 0-3246 1: 3-9 
1-6052 0-5926 0-7433 0-2693 1:43 
0-5844 0-1850 0-2502 0°1489 1 : 3-82 
1-9451 1-3560 0-3610 0-2281 1 : 4-052 


The mean ratio BrCl: H,O is 1: 4-02, indicating the hydrate 
BrCl,4H,O. This was an unexpected result, in view of measure- 
ments on chlorine hydrate, but it is difficult to attribute the low 
water content to experimental errors, since all the most probable 
errors lead rather to high values for water, as in the case of chlorine 
hydrate. Léwig’s estimate of the water present was almost certainly 
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too high, as he had no means of drying the crystals or of estimating 
the uncombined water in his wet crystals, so his alleged pentahydrate 
may well have been a tetrahydrate. On the other hand, the present 
work disagrees with that of Bornemann, who, however, used the 
same unsatisfactory method of analysis. 

The evidence in favour of a compound BrCl,4H,0O, therefore, is 
based upon (1) the constancy of the Cl: Br ratio at 1:1; (2) the fact 
that the crystals are stable in'contact with water saturated with 
both halogens for some 10° above the decomposition temperature of 
the separate hydrates; (3) the formation of a tetrahydrate, as 
compared with a hexahydrate for the individual elements. None 
of the above facts, taken separately, would suffice to establish the 
existence of the compound, but together, they suggest the con- 
clusion very strongly. 

If the compound be regarded as a definite entity, a phase-rule 
consideration of the system bromine—chlorine—water leads to some 
interesting conclusions. In this three-component system, one may 
expect only one solid phase to be in equilibrium (except at a unique 
temperature) with a liquid bromine—chlorine layer, with the aqueous 
layer, and with the vapour. Further, in such an equilibrium system, 
the composition of the two liquid layers should be constant at a 
given temperature. It is possible, of course, that these regularities 
would, in any case, be disturbed by mixed-crystal formation below a 
certain temperature, but it is hoped to continue the investigation of 
this system along the lines here indicated. 


Summary: 


(1) Although bromine and chlorine hydrates both decompose 
below 10°, yet a crystalline hydrate containing both halogens can 
be isolated from aqueous solutions up to 18°. 

(2) The composition of these crystals approximates to the formula 
BrCl,4H,O. 

(3) The solubility of bromine in water is considerably enhanced by 
the presence of chlorine. 


It is a pleasure to thank Mr.§8. Barratt for his valuable suggestions 
and encouragement and Professor F. G. Donnan for his interest in 
the work described in this and the preceding paper. 

THE Sm Wit11am Ramsay LABORATORY OF PHYSICAL 


AND INORGANIC CHEMISTRY, UNIVERSITY COLLEGE, 
Lonpon. [Received, February 10th, 1932.] 
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155. Hydroxy-carbonyl Compounds. Part VI. The 
Application of the Simonis Reaction to p-Cresol. 


By ALEXANDER ROBERTSON and WILLIAM F. SANDROCK. 


THE observation of Simonis (Ber., 1913, 46, 2014; 1914, 47, 692), 
that the condensation of p-cresol and ethyl «-methylacetoacetate 
with the aid of phosphoric oxide gave 2:3: 6-trimethyl-1 : 4. 
benzopyrone, was confirmed, in Part V (J., 1931, 2426), and we 
accepted the statement that, although all three cresols yielded 
1 : 4-pyrones under such conditions, only the o-isomeride condensed 
with the unsubstituted ester. The formation of 4 : 7-dimethy]l- 
coumarin from m-cresol by this method (Robertson, Nature, 1931, 
128, 908), however, led us to make a more extensive study of the 
Simonis reaction with p-cresol, which has now been found to con- 
dense with ethyl acetoacetate to give 4: 6-dimethylcoumarin. The 
interaction of p-cresol and ethyl «-chloroacetoacetate in the presence 
of phosphoric oxide gave rise, not to a 1:4-pyrone (compare 
Chakravarti, J. Indian Chem. Soc., 1931, 8, 619), but to 3-chloro- 
4 : 6-dimethylecoumarin in small yield. On the other hand, ethyl 
a-ethylacetoacetate and p-cresol gave an oily product which was 
shown to consist mainly of 2 : 6-dimethyl-3-ethyl-1 : 4-benzopyrone, 
since it readily reacted with piperonal in the presence of sodium 
ethoxide, yielding a styrylbenzopyrone (compare Heilbron, Barnes, 
and Morton, J., 1923, 123, 2559; Chakravarti, J. Indian Chem. Soc., 
1931, 8, 129). The formation of a 1 : 4-pyrone in this instance was 
confirmed by the fact that the product of the ring closure of 
2-hydroxy-5-methyl-n-butyrophenone with sodium acetate and 
acetic anhydride afforded the same styrylbenzopyrone. 

Ethyl benzoylacetate and p-cresol gave 6-methylflavone, together 
with a crystalline by-product which was not 4-phenyl-6-methyl- 
coumarin. 

The formation of analogous by-products in other instances is 
not improbable. To avoid confusion, and to establish the formation 
of 1 : 4-pyrones by the procedure of Simonis, it is essential that the 
compounds should be compared with authentic specimens of the 
1 : 4-pyrones, as well as with the isomeric coumarins. Simonis and 
his collaborators relied mainly on the results of alkaline hydrolytic 
experiments to prove the 1 : 4-pyrone structure of their compounds, 
but Baker (J., 1925, 127, 2349) has shown that such results are not 
always decisive. It appears to us that, apart from the standard 
synthetical processes, the only trustworthy method of determining 
the presence of a coumarin structure is the conversion of the com- 
pound into the corresponding o-methoxycinnamic acid (compare 
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Canter and Robertson, J., 1931, 1875).. On the other hand, the 
detection of a 1 : 4-benzopyrone structure by opening of the pyrone 
ring and formation of the o-hydroxy-diketone is of limited applic- 
ation (compare Wittig, Annalen, 1926, 446, 155). 

From the then available evidence we concluded in Part V (loc. cit.) 
that the course taken by the Simonis reaction depended entirely on 
the nature of the phenol and was independent of the nature of the 
ester. In view of the behaviour of m- and p-cresol, that conclusion 
can no longer be maintained. 


EXPERIMENTAL. 


4 : 6-Dimethylcoumarin.—The condensation of p-cresol (6 g.) and 
ethyl acetoacetate (6 g.) was effected by means of excess of phos- 
phoric oxide and completed by } hour’s heating on the steam-bath. 
The cooled reaction mixture was decomposed with water, and the 
oily product triturated with dilute aqueous sodium hydroxide and 
then with water. Crystallisation of the resulting semi-solid from 
alcohol gave a small amount of 4: 6-dimethylcoumarin in colourless, 
elongated, hexagonal prisms, m. p. 152° (Found: C, 75-9; H, 5-6. 
Cale, for C,,H0,: C, 75-8; H, 58%), identical with a specimen 
prepared by the method of Pechmann and Cohen (Ber., 1884, 17, 
2187; compare Dey, J., 1915, 117, 1646. These authors give m. p. 
148°), and depressing the m. p. of 2 : 6-dimethyl-1 ; 4-benzopyrone 
(Wittig, Ber., 1924, 57, 88) from 100° to 85—87°. The colourless 
solution of the substance in concentrated sulphuric acid exhibits a 
violet fluorescence. 

2-Methoaxy-8 : 5-dimethylcinnamic Acid.—A solution of the fore- 
going coumarin (4 g.) in methyl alcohol (30 c.c.) and 20% aqueous 
sodium hydroxide (20 c.c.) was refluxed on the water-bath until 
fission of the pyrone ring was complete (indicated by a cooled 
sample not giving a precipitate on. dilution with water). The 
warm solution was agitated with methyl sulphate (80 g.) and 
20% aqueous sodium hydroxide (150 c.c.), the mixture acidified 
(Congo-red), and the ester of the cinnamic acid, mixed with traces 
of the free acid and unchanged coumarin, isolated by means of ether 
and hydrolysed by boiling with 6% alcoholic potassium hydroxide 
(70 ¢.c.) for 2 hours. The cooled solution was diluted with water 
(300 c.c.) and acidified with concentrated hydrochloric acid. Next 
day the solid was collected and dissolved in 5% aqueous sodium 
carbonate, and the filtered solution was acidified with hydrochloric 
acid, giving 2-methoxy-8 : 5-dimethyleinnamic acid (3:4 g.), which 
crystallised from benzene-ligroin in colourless rhombic prisms, 
m. p. 120° (Found: C, 70-0; H, 6-7: C,,H,,O, requires C, 69-9; 
H, 6-8%). The compound is easily soluble in benzene, acetone, or 
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alcohol and rapidly decolorises bromine water and aqueous 
potassium permanganate. 

The cinnamic acid (2 g.) was oxidised in acetone (30 c.c. at 45°) 
with 2% aqueous potassium permanganate (150 c.c.), the cooled 
mixture cleared with sulphur dioxide, and 2-methoxy-5-methyl- 
acetophenone isolated by means of ether. The semicarbazone of 
this product crystallised from alcohol in silky prismatic needles, 
m. p. 201—202°, and was identical with the derivative obtained from 
an authentic specimen of the ketone (Found: C, 59-7; H, 68. 
C,,H,,0,N, requires C, 59:7; H, 6-8%). 

4 : 6-Dimethyl-3-ethylcoumarin.—The interaction of ethyl «-ethy]l- 
acetoacetate (15 g.) and p-cresol (15 g.) in the presence of 84°, 
sulphuric acid (100 c.c.) during 2 days gave the cowmarin, which 
crystallised from alcohol in needles (2 g.), m. p. 106° (Found: C, 
77-2; H, 6-9. C,,;H,,0, requires C, 77:2; H, 6-9%). The solution 
in concentrated sulphuric acid has a faint violet fluorescence. 

2-Methoxy-® : 5-dimethyl-«-ethyleinnamic Acid.—The above 
coumarin (3-8 g.) was converted, by the procedure already described, 
into the methoxycinnamic acid (3 g.), which crystallised from warm 
ligroin in clusters of colourless needles, m. p. 113° (Found : C, 71-7; 
H, 7-6. C,,H,,0, requires C, 71-8; H, 7-7%), readily soluble in 
alcohol, acetone, or benzene. Oxidation of this acid in aqueous 
acetone with potassium permanganate gave 2-methoxy-5-methyl- 
acetophenone; semicarbazone, m. p. and mixed m. p. 201—202°. 

2-(3’ : 4’- Methylenedioxystyryl)-6-methyl-3-ethyl - 1 : 4-benzopyrone. 
—(A) Phosphoric oxide (20 g.) was added with stirring to a mixture 
of p-cresol (15 g.) and ethyl «-ethylacetoacetate (15 g.) during } hour, 
the mixture kept at 80° for 1 hour, and more oxide (20 g.) added in 
portions. Next day the product was isolated in the usual manner 
and distilled in a vacuum. The main fraction (3 g.) was a pale 
yellow oil, b. p. 140—158°/6mm. A mixture of this oil and piperonal 
(3 g.) was dissolved in a 3% alcoholic solution of sodium ethoxide 
(30 c.c.); the styryl derivative, which gradually separated, was 
collected after 2 days and crystallised from alcohol, forming clusters 
of bright yellow, prismatic needles, m. p. 154° (Found: ©, 75-2; 
H, 5-4. C,,H,,0, requires C, 75-5; H, 5-4%). 

(B) A mixture of 2-hydroxy-5-methyl-n-butyrophenone (10 g.), 
sodium acetate (10 g.), and acetic anhydride (40 g.) was heated at 
185—190° for 15 hours. After isolation the resulting oil was 
distilled in a vacuum and condensed with piperonal by means of 
alcoholic sodium ethoxide. The styryl-l : 4-benzopyrone obtained 
crystallised from alcohol in bright yellow, prismatic needles, m. p. 
and mixed m. p. 154° (Found: C, 75-2; H, 5-5%). 
4-Phenyl-6-methylcoumarin.—A mixture of p-cresol (6 g.) aud 
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ethyl benzoylacetate (5 g.) in 84% sulphuric acid (25 c.c.) was kept 
at room temperature for 36 hours and poured into ice-water.. Next 
day the coumarin was collected; it crystallised from aleohol in 
prisms (0-2 g.), m. p. 131° (Found: C, 81:2; H, 5-1. C,,H,,0, 
requires C, 81-4; H, 51%). The solution in concentrated sulphuric 
acid has a violet fluorescence. 

Attempts to obtain this coumarin by the ring closure of 2-hydroxy- 
5-methylbenzophenone with acetic anhydride and sodium acetate 
gave only the acetate of the ketone, which crystallised from 70% 
alcohol in colourless needles, m. p. 65° (Found: C, 75-6; H, 5-5. 
C,gH 40, requires C, 75-6; H,5-5%). 

6-Methylflavone.—(A) Vigorous benzoylation of Snydroays 
5-methylacetophenone (5 g.) with benzoic anhydride (18 g.) and 
sodium benzoate (9 g.) at 185—190° (oil-bath) for 15 hours gave a 
mixture of the flavone and its 3-benzoyl derivative, (compare 
Wittig, loc. cit.). After the removal of the unchanged ketone 
the two products were separated by means of light petroleum, 
3-Benzoyl-6-methylflavone, which was almost insoluble in hot light 
petroleum, crystallised from alcohol in clusters of tiny prisms, 
m. p. 184° (Found: C, 81:2; H, 4-6. C,.,H,,0, requires C, 81-2; 
H,4:7%). 6-Methylflavone, recrystallised from benzene-ligroin and 
then from dilute alcohol, was obtained in colourless prismatic 
needles, m: p. 120° (Found: C, 81-4; H, 5-0. Cale. for C,,H,.0, : 
C, 81-4; H, 51%). Ruhemann (Ber., 1913, 46, 2188) gives m. p.. 
122°: 

(B) Sufficient phosphoric oxide was added in portions with’ 
stirring to a mixture of p-cresol (6 g.) and ethyl benzoylacetate to 
form a stiff paste. The mixture was heated on the steam-bath for 
1 hour and decomposed with water. An ethereal solution of the 
resulting oil was washed several times with 10% aqueous sodium 
hydroxide and then with water and dried. Removal of the solvent 
left an amber-coloured resin, which was repeatedly extracted with 
boiling ligroin; on cooling, the combined extracts deposited masses 
of woolly needles, m. p. 86° after purification (Found: C, 75-3; H, 
49%). On slow evaporation of the petroleum liquor a small 
amount of 6-methylflavone separated in clusters of prismatic 
needles, m. p. 118°, and m. p. 120° after purification: 

3-Chloro-4 : 6-dimethylcoumarin.—The condensation of p-cresol 
(20 g.) and ethyl «-chloroacetoacetate (10 g.) was effected with 
phosphoric oxide (40 g.). The warm mixture was stirred until it 
formed a stiff paste, and 3 hours later the resulting dark brown mass 
was dissolved in water (300 c.c.). By means of ether the product 
was isolated as an oil which solidified on trituration with ligroin: 
Recrystallised from acetic acid, the coumarin formed colourless 
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needles, m. p. 158°. Mixed with an authentic specimen, m. p. 159° 
(Dey, loc. cit.), it melted at 158—159° (Found: C, 63-3; H, 4-2. 
Cale. for C,,H,O,Cl: C, 63:3; H, 44%). 


The authors are indebted to the Chemical Society for grants which 
have in part defrayed the cost of this investigation. 


Lonpon ScHoot oF HyGrenwe AND TROPICAL MEDICINE, 
University or LonpDon. [ Received, January 30th, 1932.] 





156. Benzoic Esters and Electronic Affinities of 
Radicals. Part III. 


By AuMAD ZAKI. 


In Part II (J., 1930, 2269) the orienting power of halogenoalkyl! 
radicals in benzoic esters was examined. The directive influences 
in glycol dibenzoates, in cyclohexyl, aryl, and benzyl benzoates, and 
in benzamides are now considered. 

Glycol Dibenzoates—The glycol dibenzoates supply evidence for 
the order Cl>O>H with regard to meta-nitration induced by 
substitution in a saturated chain. The results are: 


m-Nitro-compound, %. 


n=l. n = 2, nm = 3. 
Ph-CO-0-[CH,],"O-COPhH .............0000. 80-8 74-8 75:8 
ye ay tO: er repre e 72-6 69-9 71-8 
eM cond ecdacctebpoccsacscqcces 81-9 75:8 77-7 


These dibenzoates can be regarded as acyloxyalkyl benzoates. 
The oxygen atom shows a greater attraction for electrons than the 
hydrogen atom in every case, as shown by comparison with the 
corresponding alkyl benzoates. Alternations such as those found 
for unsubstituted and halogen-substituted alkyl groups are also 
evident here. Nitration of the chloroalkyl esters demonstrates the 
lower negativity of oxygen as compared with chlorine. 

A benzoyl radical, or in fact any other radical, carried by an 
oxygen or a nitrogen atom increases the pull of the latter on the 
electrons in the rest of the molecule. This is due to the conjugation 
of the oxygen or nitrogen with the carbonyl group and is shown by 
the decrease in the basic character of these atoms and by their 
decreased orienting powers. Notwithstanding the assistance given 
by the benzoyl radical to the oxygen in the glycol dibenzoates, its 
pull falls short of that of the chlorine atom. 

cycloHexyl Benzoates.—On nitration, benzylpiperidine gives a 
much higher proportion (72°) of m-nitro-compound than benzy]l- 
diethylamine (51%), and @-phenylethylpiperidine a higher pro- 
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portion (22%) than §-phenylethyldimethylamine (13%). An 
explanation of the differences, based on the difference in dissociation 
of the salts which the bases form with the acid medium, has been 
given by Pollard and Robinson (J., 1927, 2770), who, however, 
admit the possibility that the increase in the proportion of m-nitro- 
compound may be due to the composition difference of two hydrogen 
atoms brought about by closure of the ring. 

The nitration of the cyclohexyl benzoates was examined to test 
the possibility, as in this case no salt formation is possible to com- 
plicate the issue. The figures obtained were : 


















m-Nitro-com- m-Nitro-com- 

Benzoate. pound, %. Benzoate. pound, %. 
cycloHexy] ........000.00+ 67-0 3-Methyleyclohexyl ... 67-2 
2-Methyleyclohexyl ... 65-4 4-Methyleyclohexyl ... 67-3 


The figures are lower than those obtained for the lower alkyl 
benzoates (methyl benzoate gives 72°6% of m-nitro-compound), 
confirming the hypothesis that the repulsion of electrons is increased 
by increasing carbon substitution. Compared with that for n-hexyl 
benzoate (63-7%), however, all the figures are appreciably higher. 
This can only be due to the closure of the ring. One might object 
to the value 63-7% being taken as representing the true influence 








of the n-hexy] radical after it had been shown that the steric influence 
of the carbonyl group affected the carbon atoms in the chain. This 
objection is, however, met by the consideration that in the absence 
of that steric influence the percentage of m-nitro-compound formed 
from n-hexyl benzoate would be lower still, making the difference 
more pronounced, 

Ring closure alone, however, which produces but a small effect 
(3%), can be responsible for only a small fraction of the differences 
(20%) observed in the benzylamine bases, 

The presence of a 2-methyl group in the cyclohexyl radical 
diminishes, as expected, the amount of meta-substitution. Similar 
replacements in the 3- and the 4-position should produce similar 
but smaller effects : their non-production may be due to the greater 
distances of the methyl groups from the benzoyl radical in so far 
as the transmission of effects through the bonds is concerned, 

Aryl Benzoates.—Aryl groups present special difficulties because 
they may be nitrated at the same time as the phenyl group of the 
benzoyl radical and the result will then be due only in part to the 
aryl group originally present. It was thought, however, that, by 
starting with nitrophenyl benzoates, nitration of the benzoyl radical 
might. be completed before the other phenyl group had time to be 
nitrated appreciably. Nitration of p-nitrophenyl benzoate at 0° 
and at —15° resulted in the nitropheny] group being further nitrated, 
QQ2 
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to some extent even to the trinitro-stage. The products were 
nevertheless separated in the usual way and hydrolysed. The 
phenols formed were soluble in alkali, but it was found that ether 
extracted all the p-nitrophenol from an alkaline solution of the 
hydrolysis products saturated with carbon dioxide (carbon dioxide 
does not decompose sodium 2 : 4-dinitrophenoxide). The usual 
procedure was then adopted and the phenols that could not be 
isolated were treated as foreign acidity and allowed for in the 
titrations. The percentage of meta-nitration thus found, namely, 
88%, must be approximate and shows only more or less qualitatively 
that electrons are attracted away from the benzoyl residue by con- 
jugation of the phenolic oxygen with the pheny] ring, assisted by the 
effects due to the nitro-groups. Account being taken of the ease 
with which nitropheny] benzoates are hydrolysed, the degree of meta- 
nitration obtained must have been depressed owing to benzoic acid 
being liberated before nitration and being nitrated as such. Benzoic 
acid under these conditions of nitration gives 80% of m-nitrobenzoic 
acid. 

Nitrobenzyl Benzoates.—As the nitrophenyl group in p-nitrophenyl 
benzoate was nitrated to some extent owing to conjugation of the 
oxygen atom with the phenol ring, it was thought probable that, if 
these two were separated by a saturated carbon atom, such nitration 
would be impeded. p-Nitrophenyl acetate was subjected to 
nitration under the usual conditions : it suffered little if any change. 
Nitrobenzyl benzoates would be less liable to nitration. The 
possibility of hydrolysis before or during nitration was also excluded, 
as o-nitrobenzyl benzoate is not changed by heating with fairly 
concentrated sulphuric acid under pressure (Paal and Bodewig, 
Ber., 1892, 25, 2963). This was confirmed by the comparative 
resistance to hydrolysis shown later by the esters after nitration. 

The three isomeric nitrobenzyl benzoates were accordingly 
nitrated, but when the products were hydrolysed the alkali partly 
oxidised the nitrobenzy] alcohols to the corresponding nitrobenzoic 
acids. The percentage of m-nitrobenzoic acid in the products of 
hydrolysis was therefore bound to be higher for the m-nitrobenzyl 
benzoate and lower for the o- and the p-nitrobenzyl ester. m-Nitro- 
benzyl alcohol, o-nitrobenzy] chloride, and p-nitrobenzyl bromide were 
therefore subjected to the action of alkali under exactly the same 
conditions as in the hydrolysis, and the extent to which oxidation 
occurred was determined in each case and used to correct the results 
obtained in the nitration experiment. o-Nitrobenzyl benzoate was 
thus found to give 76% of the m-nitrobenzoate, the m-nitrobenzyl 
ester 73%, and the p-nitrobenzyl ester 75%. These results show 
sufficiently well that all the nitrobenzyl radicals are less directive 
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than methyl, the m-nitrobenzy] radical being the nearest to it 
(72-6%). 

Benzamide Derivatives.—Benzodiethylamide and benzoylpiperidine 
were nitrated with excess of fuming nitric acid under the same con- 
ditions as those used by Cooper and Ingold (J., 1927, 836) for the 
nitration of benzamide. The hydrolysis accompanying nitration 
was about 3%, compared with 10% for the benzamide, and the 
degree of mono-nitration was estimated to be 95°% (for both amides), 
compared with 97—100% for benzamide. Calculations on this 
basis placed the amount of meta-nitration between the following 


limits : 
Benzodiethylamide ...........ssseeseescsesers 27—32%; mean 29- 5% 
Benzoylpiperidine ....:..........ssescsscseseees 29—33%; ,, 31% 
BOMBERS 65505060060 ckdiccbivennedisdsscccddons 69% 





Meta-nitration is therefore considerably lowered by the substitution 
of the hydrogen atoms of the amino-group. The pentamethylene 
of the piperidyl radical and the two ethyl radicals have a greater 
repulsion for electrons than the two hydrogen atoms and accord- 
ingly produce more 0,p-activation in the nucleus. 

The nitration of both amides was repeated with the addition of 
enough beryllium nitrate to saturate the nitric acid, but this had 
little if any influence on the proportion of m-nitro-isomeride formed. 
The view is thus confirmed that in the nitric acid solution the amides 
exist only to a small extent as salts, otherwise the nitrate ion would 
have electrostricted the kations and increased 0,p-nitration (com- 
pare Goss, Ingold, and Wilson, J., 1926, 2440; Pollard and Robinson, 
loc. cit.). 

The percentage of m-nitration of benzoylpiperidine is a little 
higher than that of the diethylamide, and this, according to a previous 
argument, must be taken as due to the closure of the ring. 

The yields obtained in the four nitrations were comparatively low, 
and were all practically the same, namely, 85%. 


EXPEBIMENTAL. 


The nitration of the compounds, the hydrolysis of the products, 
and the subsequent analyses were carried out as described in the 
previous parts. 

Methylene dibenzoate, obtained together with chloromethyl 
benzoate in the preparation of the latter, crystallised from alcohol 
and then melted constantly at 97—98°. 

The yield of nitration product was 96-8%. 

Ethylene dibenzoate was prepared by gently boiling benzoyl 
chloride (2 mols.) and ethylene glycol (1 mol.) for 4 hours. When 
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the oil finally obtained from the ethereal extractions was fractionated 
at 14 mm., a portion, presumably the monobenzoate, came over at 
135—200°, and then the dibenzoate at 225—227°. Crystallised 
from alcohol, the latter had m. p. 73°. 

The yield of nitration product was 97-3%. 

Trimethylene dibenzoate was obtained together with y-bromo- 
propyl! benzoate in the preparation of the latter. The fraction, b. p. 
233—241°/16 mm., melted at 57° after crystallisation from alcohol. 

The yield of nitration product was 96-8%. 

cycloHexyl benzoate was prepared by gently boiling cyclohexanol 
and benzoyl chloride for 4 hours; b. p. 160°/18 mm. (yield, over 
90%). 

The yield of nitration product was 94-0%. 

4-Methylcyclohexyl benzoate, prepared in the same way as the 
previous ester, had b. p. 174—175°/20 mm. (yield, over 90%) 
(Found : C, 77-0; H, 8-5. Cale.: C, 77-1; H, 83%). 

The yield of nitration product was 93-8%. 

3-Methylceyclohexyl benzoate, similarly prepared, had b. p. 
169-5—170°/17 mm. 

The yield of nitration product was 948%. 

The yield of nitration product from 2-methylcyclohexyl benzoate 
(b. p. 167—168°/16 mm.) was 94-0%. 

During the hydrolysis of the four cyclohexyl and the three nitro- 
benzyl esters a by-product was formed in considerable amount; it 
was soluble in ether and acid in nature, but insoluble in water in 
comparison with the nitrobenzoic acids. The nitrobenzoic acid 
product was therefore heated with sufficient water to dissolve it 
wholly (determined by a blank experiment on an artificial mixture), 
and the solution filtered hot, neutralised with ammonia, concentrated, 
acidified, and extracted in the usual way. 

m-Nitrobenzyl benzoate was prepared by heating equivalent 
quantities of m-nitrobenzyl alcohol and benzoyl chloride for 3 hours. 
The cooled product was dissolved in hot glacial acetic acid and 
poured into water. Crystallised twice from alcohol, the ester 
melted at 69—69-5° (yield, theoretical) (Found: N, 5-4. Calc.: 
N, 54%). 

THE Ratpx Forster LABORATORIES OF ORGANIC CHEMISTRY, 

UNIVERSITY COLLEGE, LONDON. [Received, November 30th, 1931.] 
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157. The Infra-red Spectra and Structure of 
Tautomeric Compounds. 


By C. E. H. Bawn. 


Ir has long been known that there exists a relationship between 
absorption spectra in the infra-red and chemical constitution. 
Coblentz (Pub. Carnegie Inst., No. 35, 1905; 65, 1906; 97, 1908), 
from his classical work on liquids, concluded that certain persistent 
bands found in a series of homologous compounds could be ascribed 
to some particular groupings or linkages present in the molecule. 
It is now possible from the extensive researches of Lecomte, Henri, 
Bonino and Ellis, and others (see Schaefer and Matossi, ‘‘ Das 
Ultrarote Spectrum,” Berlin, 1930, p. 266, etc.) to refer a particular 
absorption band to a single linkage in the molecule. Thus the 
characteristic vibrations of the ground states of C—H, C—O, C=N, 
C—OH, N—H, S—H linkages in organic molecules have all been 
recognised. 

Conversely, from a knowledge of the infra-red spectrum it should 
be possible to determine the linkages or groupings present in the 
molecule. For instance, Ross (Proc. Roy. Soc., 1926, A, 113, 208), 
from an investigation of the infra-red spectrum of pyrone, concluded 
that the molecule consisted of a benzenoid group together with a 
hydroxyl group. The method, however, owing to difficulty of 
technique, does not appear to be suitable for use as a routine method 
in organic chemistry as desired by Ross. The use of the Raman 
spectrum appears to be less difficult and more accurate. 

In the present investigation it was proposed to follow the enol- 
keto change of tautomeric compounds by observation of the change 
of intensity of the hydroxyl bands. 

The infra-red studies of Weniger (Physical Rev., 1910, 31, 388), 
Bonino (Gazzetta, 1923, 53, 575), Sappenfield (Physical Rev., 1929, 
33, 37), and others indicate that the corresponding bands at 0-923, 
1-55, 3-00, 6-90 u in the spectra of the alcohols are assignable to 
the C—OH linkage. In the same way, the carbonyl group of the 
aliphatic ketones is characterised by bands at 1-9, 2-9, and 5-9 w. 
A compound existing in both forms would therefore be expected to 
show both series of bands. 

Investigations now carried out with 80% enolised acetylacetone 
have proved, however, that the characteristic hydroxyl bands are 
absent from the spectrum. Other similar tautomeric compounds 
have been investigated, and in no case have the hydroxyl bands 
been detected, although the carbonyl bands were observed in all 
cases. 
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ExPERIMENTAL. 


Apparatus.—The work was carried out in a basement room 
fitted with heavy slate benches on brick pillars. The spectrometer, 
filament, mirrors, and other equipment were housed in a large 
wooden box blackened on the inside. The galvanometer was 
situated in a large dark room and mounted on a heavy concrete 
pillar sunk into the ground. The assemblage was such that all 
controls could be operated by a single observer seated at the end 
of the dark room. In order to ensure rigidity, the spectrometer, 
mirrors, etc., were clamped to the slate bench. 

Spectrometer. The spectrometer was a large standard Hilger 
instrument with wave-length drum calibrated for a 60° rock-salt 
prism. It was enclosed in a heavily lagged draught-free box. 
The drum was rotated by means of a long rod suitably attached to 
a low-geared wheel making contact with a large cog soldered to the 
end of the drum. The drum readings were observed by means of a 
telescope. 

Source of radiation. The source of radiation was a Nernst 
filament mounted on a heavy stand; it was enclosed in an asbestos 
housing fitted with a metal shutter, and was usually operated at 
0-8 amp. and 100 volts, constant current being maintained by using 
two 100-volt batteries alternately. 

Thermopile and galvanometer. A 20-junction bismuth-silver 
thermopile as supplied by Hilger was employed. It was enclosed 
in an air-tight casing (which could be evacuated) fitted with a rock- 
salt window. The galvanometer was of the Downing type and was 
generally used at a sensitivity of about 10- amp. per mm. deflexion 
at 1-5 metres. Electromagnetic disturbances were appreciable, 
and, as the galvanometer could not be shielded satisfactorily, 
accurate work had to be carried out at night, when the galvanometer 
was quite steady. 

Absorption cells. Rock-salt cells of various thicknesses were 
used. They were made according to the method of Ross (loc. cit.), 
freshly cleaved rock-salt plates being put together exactly as before 
cleavage. The cell holder consisted of a large brass plate in which 
two identical square holes had been cut. The cells were held in 
front of these holes by adjustable screws, allowing movement in 
two planes. The holder moved on two heavy vertical runners 
screwed into the slate bench and was worked by means of a crank. 
It was brought into line with the spectrometer slit by means of 
suitable stops. 

Setting of Spectrometer —The spectrometer was first set visually 
by the sodium D line 0-5893 », and finally on the carbon dioxide 
emission band at 4-44y. Prominent bands of the solvents 
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employed were used as a check. The accuracy with which any 
sharp band could be repeated was 0-02 up. 

Purification of Liquids.—Acetylacetone was carefully distilled, 
dried, and fractionated in a vacuum. Benzoylacetone was twice 
crystallised from ether; m. p. 61°. Kahlbaum’s 100% acetic acid 
was dried and distilled; b. p. 118°. 

Ethyl acetoacetate and methylacetoacetate were dried and dis- 
tilled at 15 mm., and redistilled just before use. 

Acetone was purified by the method of Shipsey and Werner 
(J., 1913, 103, 125); b. p. 56°. 

A sample of alcohol which had been specially purified for velocity 
measurements was used. 

Kahlbaum’s carbon tetrachloride was dried over calcium chloride 
and distilled; b. p. 77°. 

Procedure.—The cell was first balanced with the blank over the 
whole region of spectrum and was then filled with the liquid to be 
investigated without removal from the cell holder. The method 
of observation was that described by Robertson, Fox, and 
Hiscocks (Proc. Roy. Soc., 1928, 120, 128, 149), readings being taken 
at intervals of 0-02 u, except with very broad bands for which the 
intervals were 0-04 up. The slit width used was 0-007” from 2 to 
4-5 » and 0-010” from 4-5 to 6-5 wu. The average galvanometer 
deflexion was 30 cm. 

Results. 

Acetylacetone.—The region around 3-0 uw was investigated with 
cells of various thickness. With a cell of liquid thickness 0-05 mm.., 
the absorption was over 90% and the band at 3-4 u was very broad. 
To avoid the use of thinner cells, which were difficult to fill, a solution 
of acetylacetone in carbon tetrachloride was employed, since this 
solvent shows no prominent absorption band below 60 u. The band 
characteristic of the hydroxyl group at 3-0 u was in no case observed, 
and, moreover, the broad C—H band at.3-4u could not be resolved 
even with very dilute solutions or with thin films of the pure liquid 
of the order of 0-001 mm. in thickness. Such films were obtained 
by pressing a drop of liquid between two freshly cleaved rock-salt 
plates, the open edge of the cell being protected by strips of mica 
attached with Lepage’s fish glue, or by pressing copper strips against 
the sides on placing in the cell holder. Such cells were never 
employed for more than $4 hour. The results showing a range of 
absorption of 60—10% at 3-0 yu are summarised in Fig. 1. For 
comparison purposes the spectra of ethyl alcohol in carbon tetra- 
chloride and pure acetone between 2-9 and 3-5 yu are also shown. 
The absorption curve of the alcohol shows clearly the separation of 
the 3-00 u hydroxyl band and the CH band at 3-41 up. The ketone 
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band of the acetone at 2-90 yu is also easily resolvable. A complete 
spectrum of pure acetylacetone from 2-5—9-0 u is given in Fig. 2. 
Very thin films of liquid were used, the breaks in the curve denoting 
changes of cell. The bands at 8-12, 5-82, and 2-90 u are identified 
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with the carbonyl group. Wide regions of absorption extending 
from 3-4—3-8 u and 6-7—7-4 u are very noticeable in the neighbour- 
hood of the C—H vibration bands. Owing to the complete trans- 
parency of thin cells below 2-8 yu, this region was not studied. Ellis 
(J. Amer. Chem. Soc., 1929, 54, 1384) has investigated acetylacetone 
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below 3-0 u, using cells 40 mm. thick. The bands found are assign- 
able to the C—H and C—O linkage, no evidence for the presence of 
the hydroxyl band at 1-55 u being obtained. 

Ethyl Acetoaceiate and Methylacetoacetate—These esters were 
investigated in the region 2-9—6-2 pu. The percentages of enolic 
compound in the equilibrium mixture of these compounds at room 
temperature, as determined by the bromine-titration method of 
Meyer (Ber., 1911, 44, 2718; 1912, 45, 2852), are shown below : 














Liquid. Enol, %. Liquid. Enol, %. 
Ethyl acetoacetate ......... 7-7 Acetylacetone ......... 80-5 
Ethyl methylacetoacetate 4-0 Benzoylacetone ......... 98-0 

Fie. 2. 
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Wave-length (). 


I. Acetylacetone : thin films about 0°002 mm. in thickness. 
lI. Ethyl acetate : cell thickness 0:05 mm. 


The spectra are shown in Fig. 3. The bands at 3-38 u were much 
sharper than in the case of acetylacetone. This may result from 
the lower enol content of the mixture and will be referred to later. 
As in the case of acetylacetone, no band at 3-0 u was observed with 
either of these compounds. The intense bands at 5-88 u in aceto- 
acetic ester and at 5-82 u in its methyl derivative arise from the 
vibration of the carbonyl group. A spectrum of ethyl acetate, 
taken for purposes of comparison, is shown in Fig. 2. 

Benzoylacetone.—The presence or absence of the hydroxyl bands 
in tautomerides should be capable of demonstration by an examin- 
ation of the pure enolic constituent. This was not possible in the 
liquid phase at room temperature, since the change from the enol 
form to the equilibrium mixture is rapid and highly catalysed. Solid 
forms of tautomeric compounds, however, consist entirely of one 
or other of the isomerides and attempts were made to obtain a 
spectrum of the solid form. Benzoylacetone in the solid phase is 
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completely enolised: thin films of it were prepared by warming 
rock-salt plates in an oven, melting the solid small crystals between 
them, and cooling the whole in a vacuum, or by crystallisation from 
dilute solution in benzene or carbon tetrachloride. The spectral 
bands, however, showed very broad maxima and were unsatis- 
factory since the thin crystalline film scatters most of the incident 
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radiation, the maximum variation in absorption over the range 
2:8—3-5 u being only 10%. The band at 3-4 u showed a broad 
maximum and it was not possible to resolve any band in the region 
of 3-0 yu. 

A solution of benzoylacetone in carbon tetrachloride (highly enol- 
ised ) showed the same absorption characteristics as acetylacetone, viz., 
a broad C—H band at 3-44, C—O band at 2-90 u, and no hydroxy]! 
band at. 3-0 u. 

Acetic Acid.—It is well known that the carbonyl group in the 
carboxyl radical has not the normal ketonic properties. The 
absorption spectra of the acids, however, show the characteristic 
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carbonyl bands at 1-9, 2-9, and 5-8 u, as found in the aldehydes and 
ketones (Ellis, loc. cit.). It therefore became of interest to examine 
the spectra of the carboxylic acids for the presence of the hydroxyl 
bands. The spectrum of acetic acid showed no indication of these 
bands, although the ketonic and C——H bands were readily detected. 
Sappenfield (loc. cit.) recently pointed out that the hydroxyl bands 
at 1-55 u and 3-00 » do not occur in the spectrum of butyric acid, 
and concluded that the hydroxyl groups of acids and alcohols are 
quite different chemically and that this causes loss of confidence in 
the simple bond theory. The conclusion of Smith and Boord 
(J. Amer. Chem. Soc., 1926, 48, 1512), that the band at 5-8 u in acetic 
acid is due to the hydroxyl group, has been shown to be incorrect 
by Ellis and others (loc. cit.). 

Raman Spectrum of Acetoacetic Ester—The Raman spectrum of 
acetoacetic ester. has been recorded by Kohlrausch and Dadieu 
(Ber., 1930, 63, 1657 ; Kohlrausch, “‘Smekel-Raman Effekt,” Berlin, 
1931; J. Opt. Soc. Amer., May, 1931). The frequency differences 
1706—1726 (wave numbers) are identified with the C—O bindings 
as occurring in ketones and esters respectively. The Raman line 
at 1600 cm.-! is characteristic of the carbon double bond, and the 
authors remark “‘ that in spite of the fact that the freshly distilled 
ester contains only 20% of the enol isomer the C—C linkage gives 
a very intense line.” This provides conclusive evidence for the 
existence of more than one form of molecule in the tautomeric liquid. 
On the other hand, the authors state that the hydroxyl band at 
3380 cm.-! is present although very faint—it is not shown in their 
diagram. This line was not found by Venkateswaran and Bhaga- 
vantam (Indian J. Physics, 1930, 5, 129). The appearance of this 
frequency corresponding to the 3-0 u infra-red band is surprising, 
especially in view of the fact that it is not observed in the 
alcohols other than methyl alcohol. The intensity of the line is 
not sufficiently great to indicate the presence of the hydroxyl 
binding in the enol form and may have resulted from impurities 
present in the original liquid. 


Discussion of Results. 


The conclusion derived from the foregoing results is that the 
normal hydroxyl] vibration existing in the alcohols is not present in 
the infra-red spectra of the enolic forms of certain tautomeric com- 
pounds. This may result from one of two causes : (a) the hydroxyl 
group is not present in the enolic isomeride, (6) the hydroxyl 
linkage is present in the molecule but the influence of the neigh- 
bouring ~-C—C- group causes a displacement of the characteristic 
band. 








1196 BAWN : THE INFRA-RED SPECTRA AND 


In view of the second possibility, since the hydroxyl group in the 
enolie compound -C(OH).C is similar to that in a secondary or tertiary 
alcohol, with modification by the adjacent double bond, it would be 
of interest to see how the C—OH linking in the alcohols is altered by 
change of the groups attached to the carbon atom, Weniger (loc. 
cit.) studied the spectra of the homologous series of alcohols methyl 
to octyl from 1 to 10 u, and found that the characteristic hydroxyl 
bands are only slightly shifted by increase in the length of the 
carbon chain. He also showed that, with the exception of a few 
feeble bands, the isomerides of propyl and amyl alcohol were very 
similar to the normal alcohols. Similar results were obtained by 
Lecomte (‘‘ Le Spectra Infra-Rouge,” Paris, 1928) for butyl and 
isobutyl alcohol. In the case of the secondary and tertiary alcohols 
containing the linkage >CH-OH and >C-OH respectively, Weniger 
found that the hydroxyl bands at 1-55, 3-0, 6-9, and 7-3 were 
identical with those of the primary alcohols, but above 8-0 u marked 
differences in spectra were observed. If the absorption in this region 
can be correlated, the 9-6 » band of the primary alcohols is shifted 
to 9-1 uw in the secondary and 8-6 yu in the tertiary alcohols. The 
3-0 » band, then, is not changed either by increasing the length of 
the carbon chain or by substitution of the hydrogen atoms attached 
to the carbon linked to the hydroxyl group. 

The studies of Bonino (loc. cit.) on the carbon—hydrogen linkage 
have shown that the band at 3-4 u is displaced only slightly in a series 
of hydrocarbons, and is not appreciably altered by substitution of 
the hydrogen attached to the CH linking by hydroxy] or halogen : 
he has summarised the data (T'rans. Faraday Soc., 1929, 25, 876). 
On the other hand, a considerable displacement is observed when 
the carbon of the C—H grouping is linked to a double bond. For 
instance, the 3-39 » band in ethane is moved to 3-28 u in ethylene, 
the corresponding band in benzene being at 3:25. Bonino con- 
cludes that there are two types of C—H linkage—that in saturated 
hydrocarbons and that (C—CHR) in an aromatic nucleus or in 
unsaturated hydrocarbons. This is confirmed by Raman spectra 
investigations by Kohlrausch (loc. cit.). 

Unfortunately, the corresponding data for alcohols are lacking, 
but a double bond adjacent to the hydroxyl group will no doubt 
have an important influence on the C-OH vibration. It has been 
noticed that the C—H band in the highly enolised substances 
benzoyl- and acetyl-acetone is very broad. It might, therefore, be 
suggested that the 3-0 » hydroxyl band is moved under the influence 
of the double bond to the region of the 3-4 u band, although such a 
large shift seems highly improbable. Alternatively, the broad band 
may be due to the presence of the two types of C—H vibration already 
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discussed, it being assumed that the enol form contains a double 
bond. This question can only be settled by investigations with high 
dispersion such as are used in the study of gases. 

On the other hand, it is well known that the hydrogen in tautomeric 
compounds is mobile or very loosely held. The absence of the 
hydroxyl vibration or the shifting of the band may be due to this 
cause. Andrews (Physical Rev., 1930, 36, 531) has shown that the 
forces under which groups with fixed mass vibrate may be considered 
as acting along lines associated with the chemical valency bonds. 
These forces can be characterised by two force constants due to 
(1) stretching and (2) bending of the bond. This has been recently 
demonstrated by Andrews with models and explains certain results 
in Raman spectra. From a study of the formaldehyde bands in 
the ultra-violet, Herzberg (Trans. Faraday Soc., 1931, 27, 378) 
concludes that the hydrogen vibration in formaldehyde is of this 
type and executes both a longitudinal and transverse vibration. 
Similar results were predicted by Dennison (Astrophys. J., 1925, 
62, 84) for the methane molecule. He calculated that the force 
between the hydrogen atoms was greater than between the carbon 
and hydrogen. The remarkable mobility of the hydrogen atom of 
the enol form points to the existence of a transverse as well as a 
longitudinal vibration of the hydrogen of the C—OH group, and 
further, the force between it and the adjacent hydrogen (or maybe, 
the carbon) is such that there is a probability of the hydrogen atom 
jumping across to the second carbon. Polanyi and Wigner (Z. 
physikal. Chem., 1928, Haber Festband, 439) have calculated this 
probability by a consideration of elastic waves set up in the molecule, 
On this picture of a tautomeric compound, the hydrogen atom may 
be considered as loosely held to both the carbonyl and the C—H 
linkage, with a certain probability of its being in one of the positions. 
The carboxyl group would then consist of two apparent carbonyl 
_ groups with a hydrogen oscillating between them. 


Summary. 


The infra-red spectra of a number of tautomeric liquids have been 
determined between 2-8 and 6-34. It has been demonstrated that 
these compounds do not show the hydroxyl bands to be expected 
from their chemical structures, 

Similarly, the hydroxyl bands are absent from the spectrum of 
the carboxyl grouping, although the carbonyl bands are prominent. 
It is suggested that this may be due either to a shifting of the 
characteristic hydroxyl bands under the influence of the neighbouring 
double bond, or to the presence of some abnormal vibration of the 
hydrogen atom of the supposed hydroxy] group. 
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Industrial Research for a maintenance grant. 


THe UNIVERSITY, BRISTOL. (Received, February 8th, 1932.] 





158. Apparatus for Quantitative Catalytic Reduction. 
By Humepxurey Pacet and Wi1i4m SoLtomon. 


In the course of investigations in these laboratories it has been 
necessary to ascertain with some accuracy the amount of hydrogen 
absorbed by small quantities of substances isolated from plants 
or obtained in the course of degradation experiments on such 
products. The apparatus now described for use at atmospheric 
pressures has been used successfully for some years past (Henry 
and Paget, J., 1931, 30), whilst that for use at higher pressures 
has been devised recently owing to difficulty experienced in using 
quantitatively forms of such apparatus dependent on a dial gauge 
which at the best reads only to 0-5 lb. per sq. inch (Skita and Meyer, 
Ber., 1912, 45, 3589; Gough and King, Chem. and Ind., 1928, 47, 
410). 

The apparatus shown in Fig. 1, adapted from a Jowett and Carr 
nitrometer, is for use at atmospheric pressure. The substance 
and the catalyst are placed in A, which is attached by a butt joint 
covered by pressure tubing to the side tube B of the graduated 
limb C. Water is blown in to fill C, the 3-way cock H is opened 
to A and a water-pump applied at F; the air removed from A is 
expelled through G. Hydrogen is then led in through D, and is 
admitted to A after the small amount of water remaining at the 
top of C has been expelled. The operation is repeated to secure 


complete replacement of air by hydrogen, the levels adjusted and . 


the volume noted. A cog-wheel constructed of cork and rotated 
rapidly by attachment to a small friction-geared motor is brought 
into contact with A to secure vigorous agitation. If necessary, 
C can be refilled with hydrogen without interrupting the experiment. 

The apparatus for hydrogenation under pressure is shown in 
Fig. 2. The U-tube is made of stout glass tested to withstand 
20 atmospheres and calibrated to read c.c. of gas in the left-hand 
limb. The substance and catalyst are placed in flask A, closed 
with a rubber bung carrying a Schrader bicycle tyre valve A’ of 
a type known as a “ French valve ” (Schweinert, B.P. 15458/1914). 
The bung is forced well into the neck of the flask, and is secured 
in that position by a wired metal washer. The ends # and F of 
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the U-tube are similarly closed by Schrader valves HZ’, FF’. The 
side tube B carries a modified Schrader valve from which the original 
parts K, N (Fig. 3) have been unscrewed. Connexions to the 
valves are made with bicycle-pump tubing through an adaptor M 
sold for this purpose. Leakage is prevented by the application 
of a little rubber solution at the base of the screw-threads and of a 
trace of soft paraffin on the packing at NV; it is important to keep 
the parts of the valves quite free from dirt. The valves EL’, F’ 
are opened to admit or withdraw hydrogen as required by pressing 
down the plunger K with a rod; in the case of A’, where the valve 
is less accessible, this is done by means of a short metal tube H, 
made from a large hypodermic needle carrying a ball of solder on 
its point and a collar at O which fits tightly into the rubber tubing. 


Fie. 1. Fig. 2. Fia. 3. 


















































A is detached, evacuated, and filled with hydrogen. The gradu- 
ated limb is filled through B by displacement of water into the 
right-hand limb. A is then connected to B, valves A’ and F’ are 
depressed to equalise the pressure throughout the apparatus, and 
the total volume of gas is read and corrected for the difference in 
level of the water in the two limbs. 

An ordinary bicycle-tyre pump is now attached to F’, and the 
pressure raised by the desired amount. The pump is detached, 
and F’ opened, thereby releasing the pressure in the U-tube while 
that in A is retained by the automatic closing of A’. The difference 
between the residual volume and the volume of hydrogen admitted 
to the apparatus is the amount compressed into A. By a suitable 
form of shaker, A can be vigorously agitated, while attached to 
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the apparatus, or the tube connecting A’ with B can be closed by 
a stop or pinch-clip and A removed and shaken separately. At 
the conclusion of the reaction, the gas under pressure in A is re- 
leased into the apparatus by depressing A’ and F’ and the amount 
absorbed is calculated. If necessary, the gas can again be com- 
pressed and the experiment continued until no further contraction 
of volume takes place; before the final volume is read, the flask 
A is shaken for a few minutes at reduced pressure in order to liberate 
the hydrogen dissolved in the solution. 

The following results were obtained, about 5 mg. of platinum 
oxide catalyst (Adams, “ Organic Syntheses,” Vol. VIII, p. 92) 
being used in each case. 


Amount, Pressure, Hydro, n absorbed, Calc., 


Substance. g- atm. c.c. at N.T.P. c.c. 
Chaulmoogric acid ... 0°4830 4 38 38-6 
Maleic'acid ........... 0-4270 4°3 82 82-4 


The authors wish to thank Mr. L. E. Barnett for assistance in 
the construction of the apparatus. 


WELLCOME CHEMICAL RESEARCH LABORATORIES. 
[Received, February 17th, 1932.] 





159. The Photodecomposition of Chlorine Dioxide 
Solutions, 


By Epmunp JoHN Bowen and Wine MIN CHEUNG. 


THE photodecomposition of chlorine dioxide has been studied in 
the gaseous phase by Booth and Bowen (J., 1925, 127, 510), and 
by Bodenstein, Harteck, and Padelt (Z. anorg. Chem., 1925, 147, 
233), who showed that chlorine hexoxide is formed by the absorption 
of blue light. The spectrum of gaseous chlorine dioxide indicates 
that the decomposition ClO,» ClO +O occurs by a “ predis- 
sociation” mechanism at wave-lengths shorter than 3753 A. 
(Finkelnburg and Schumacher, Z. physikal. Chem., Bodenstein 
Festband, 1931, 704; Urey and Johnston, Physical Rev., 1931, 38, 
2131). Dissolved in carbon tetrachloride, chlorine dioxide decom- 
poses with a quantum efficiency of about 1 at 4450 A. (Bowen, J., 
1923, 123, 1199) and of 2 at 4150 A. (Nagai and Goodeve, Trans. 
Faraday Soc., 1931, 27, 508). The reason for this difference is 
made clear in this paper. In aqueous solution the photodecom- 
position of chlorine dioxide is complicated by reactions with the 
solvent. Popper (Annalen, 1885, 227,161; 231, 137), from experi- 
ments in sunlight, proposed the mechanism : 
18Cl0, + 9H,O —> 13HCIO, + 5HCI + 30, 
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The work described below shows that this equation does not repre- 
sent the reaction. 
EXPERIMENTAL. 

Chlorine dioxide, prepared from oxalic acid and potassium 
chlorate by the method of Bray (Z. physikal. Chem., 1906, 54, 569, 
731), was passed into water or purified, dried carbon tetrachloride. 
At concentrations of solute less than about 2 x 10° g.-mol. per 
c.c., the solutions changed only very slowly in concentration in 
the dark if the bottles containing them were nearly filled, and the 
loss of gas on handling with pipettes was not so great as to be 
serious. The solutions were exposed in stoppered silica cells with 
transparent plane ends to the light from a mercury lamp. As the 
solutions were liable to lose gas during the decomposition, the time 
of exposure was minimised by condensing the light from the lamp 
with a liquid condenser which also acted as a filter. For the mercury 
lines 4360, 4050, and 3665 A., this consisted of a double-walled 
spherical glass flask of 12-5 cm. outside diameter and 10-5 inside 
diameter (an unsilvered and unevacuated Dewar vessel) containing 
water in the inner vessel and a solution of cuprammonium ion (400 
c.c. of 5% CuSO,,5H,O; 300 c.c. of ammonium hydroxide solution, 
d 0-880; 300 c.c. of water) in the space between the double walls. 
Such a condenser-filter permits of internal cooling if necessary 
and presents roughly a constant thickness of filter solution to the 
light passing through it. This solution transmitted only the above 
three mercury lines, which were separated by the use of the following 
additional filters: 3665 A., Chance’s black “ ultra-violet ” glass ; 
4050 A., 1 em. of 0-05N-iodine in carbon tetrachloride + Noviol O 
glass; 4360 A., Noviol A glass. The region 3160—2700 A. (average 
wave-length 3000 A.) was obtained by the use of two quartz flasks 
placed one behind the other and acting as conderisers, each 10 cm. 
in diameter and filled with a solution of pure nickel chloride (140 g. 
of NiCl,,6H,O + 60 c.c. of HCl, d 1-19, in 2 litres), Infra-red 
radiation from the lamp housing was suitably screened off. The 
amounts of energy in the radiation employed and the light absorp- 
tions, which were total in all the experiments, were measured with a 
Moll surface thermopile and galvanometer, calibrated against a 
Hefner lamp (Gerlach, Physikal. Z., 1913, 14, 577). For the region 
3160—2700 A., both the thermopile and a special spectroscope, 
fitted with a sodium photoelectric cell and arranged to integrate the 
light received and record directly the number of quanta received at 
any wave-length, were used (Bowen and Tietz, J., 1930, 234). This 
instrument had been constructed and calibrated by Mr. J. H. 
Joffree. 

Carbon Tetrachloride Solutions.—The solutions were analysed 
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for chlorine dioxide and chlorine by the method described by Bowen 
(loc. cit.; Bray, loc. cit.), involving the liberation of iodine from 
neutral and acid potassium iodide solutions. The results obtained 
were as follows : 


Calibration of thermopile-galvanometer combination : 

Hefner lamp at 50 cm. distance ; receiving surface at thermopile= 
2-0 sq. cm. 

Galvanometer deflexion (mean) 3-0 divisions. 

1 Division of galvanometer = 60-3 x 10- cal. per sec. 


TABLE I. 
Wave- Conc. CIO,, ClO,decomp., Galvano- G.-mol 
_— g.-mols./e.c. g.-mols./sec. meter quanta per Quantum 
x 10°. x 10°. reading. sec. X 10° efficiency. 
4360 9-6 9-17 9-8 9-0 1-02 
8°5 9-6 9-8 9-0 1-07 
9-6 8-3 9-8 9-0 0-92 
4050 9-5 7:5 4-0 3-4 2-2 
9-4 7-5 4-0 3-4 2-2 
3665 10-0 40-0 23-0 18-0 2-2 
9-3 40:0 23-0 18-0 2-2 
3000 8-5 25-8 12°5 2-06 
8-5 26:3 12-5 2-1 


In the last two experiments the energy was measured with the 
special ultra-violet light integrating instrument. 

Aqueous Solutions.—In Table II are results which show that 
the rate of photodecomposition is proportional to the light in- 
tensity. The amount of decomposition was estimated as in the 
previous section. 

TABLE II. 
Relative amount of decomposition (A = 3665 A)). 
Light intensity. 


eee 





Time, mins. 33. 47. 100. 
5 6-5 9-0 20 
10 13 18-5 40 
Ratio, intensity /rate 2-54 2-53 2-50 


In aqueous solution, for the investigation of the mechanism of 
decomposition, the concentrations of the following substances have 
to be determined: Cl0,, Cl,, ClO,’, Cl’, ClO,’, and ClO,’. All 
measurements were made on decompositions of less than 20% of the 
total. The first two substances were estimated by drawing air 
through the solution and absorbing the chlorine dioxide and chlorine 
in potassium iodide solution, the iodine liberated from the neutral 
and then from the acidified solution being titrated. In the solution 
from which the volatile gases had been removed, the chloride ion 
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was estimated by the Volhard method, and the chlorate (-+- chlorite) 
ion by the same method after reduction with titanous sulphate 
solution. As a check on this method of estimation, in some experi- 
ments the chlorate ion was determined colorimetrically with a 
solution of aniline hydrochloride (Yoe, “ Photometric Chemical 
Analysis,’’ New York, 1928, p. 162). The chlorite ion was estimated 
by titration of the iodine liberated from an acid potassium iodide 
solution, and the perchlorate ion by the colorimetric method of 
Monnier (Arch. Sci. phys. nat., 1916, 42, 210), a solution of methylene- 
blue being used. The accuracy of all the methods was controlled 
by the use of standard solutions of all the ions concerned, and by 
the check afforded by the constancy of the quantity 


[C10,] + 2[Cl,] + [C10,"] + [Cl’] + [C10,’] + [010,41 = K, 


a diminution of which would indicate a loss of chlorine in some 
form. The amount of perchlorate formed was extremely small, 
less than 1% of the total decomposition, and attention was there- 
fore confined to the other products. 

In Table III are shown collected results on the proportions of 
the decomposition products. All concentrations are in g.-mols x 10-6 


per c.c. 
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TasBxe III. 
a= 3665 A. 
Time, mins. [CI0,]. 2[Cl,]. [ClO,’]. [Cl’]. [Cl0,’]. K. 
[ClO,’] estimated photometrically. 
0 Wi, 16-82 0°25 0-67 0-176 0-22 18-136 
diff. 4 0-76 0-06 0-30 0-304 0-04 
15 > 16-06 0-31 0:97 0-48 0-26 18-08 
diff. x 0-73 0-05 0-33 0-32 0-04 
30 15-33 0-36 1-30 0-80 0-30 18-09 
[ClO,’] estimated by titration. 
0 Pe 6°35 0-025 0-56 0-10 0-030 7-065 
diff. a 0°75 0-049 0-34 0-32 0-033 
2-5 y, 5-60 0-074 0-90 0-42 0-063 7-057 
diff. < 0-71 0-017 0°33 0-34 0-037 
5-0 4-89 0-91 1-23 0-76 0-10 7-071 
0 Wy, 11-80 0-09 0-208 0-04 0-016 12-154 
diff. K 0-80 0-06 0-382 0:34 0-015 
3 ? 11-00 0-15 0-59 0-38 0-031 12-151 
diff. as 0°77 —0-05 0-39 0°36 0-024 
6 10-27 0-10 0-98 0-74 0-055 12-145 








The above results are typical of other series made at 3665 A. 
and at 4360 A. The proportions of the products were found to be 
independent of the wave-length. In Fig. 1 the last series of Table 
III is shown graphically. 

Table IV contains measurements of the quantum efficiency of 
decomposition in aqueous solutions at different wave-lengths, the 
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method of following the total change being as for the solutions in 


carbon tetrachloride. 
Fie. 1. 


15° 






_ 
o 
‘ 


Amount of change, g.-mols. x 107. 
on 














clo> 
2: f 
an ~T 
0 3 6 
Time (mins.). r 
Taste IV. t 
Cone. of ClO, decomp. ¢ 
Wave- clo,, per sec., Galvano- G.-mol. 6 
length, g.-mols./c.c. __g.-mols. meter quanta per Quantum 8 
A. x 10°, x 10°. reading. sec. X 10°. efficiency. . 
4360 8-7 1-53 9-8 9-0 0-17 d 
13-7 2-04 9-8 9-0 0-23 t! 
13-7 2-00 9-8 9-0 0-22 
4050 8-7 1-70 4-0 3°4 0-50 . 
13-7 1-73 4-0 3-4 0-51 am 
3665 8-7 12-8 22-0 17-1 0-75 q 
13-6 12-8 22-0 17:1 0-75 t] 
13-6 13-5 22-0 17:1 0-79 tl] 
3000 13-7 16-35 26-0 16-4 1-0 
13-7 12-3 12-5 1-0 eo 
sk 
The last result in the above table was obtained by the use of the of 
instrument for integrating the ultra-violet light received. 8C 
- ; Cu 
Discussion. F 
The two significant results from the above measurements on be 
aqueous solutions of chlorine dioxide are that the main products te 


of photochemical decomposition are chloric acid and hydrochloric us 
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acid in equimolecular proportion, and that the quantum efficiency 
rises from 0-2 at 4360 A. to 1-0 at 3000 A. These facts can be 
explained by making use of the observation that chlorine dioxide 
in the gaseous state exhibits the phenomenon of predissociation 
at 3753 A. (Finkelnburg and Schumacher, loc. cit.). The primary 
process probably is therefore 


ClO, + hy —> ClO,* —> ClO + O 


In contrast with the behaviour observed with chlorine dioxide in 
the gaseous phase or in solution in carbon tetrachloride, the ClO 
molecule apparently does not attack other ClO, molecules. This 
is probably because it combines with water to give an acid : 


ClO + H,O —> H,C10,. 
If this compound be assumed to react with more ClO, 
H,ClO, + ClO —> HClO, + HCl, 


the nature and proportion of the products are explained. 
In carbon tetrachloride solution the limiting quantum efficiency 
is about 2. The mechanism is probably 


ClO, + hy —> ClO,* —> ClO + O 
followed by 

ClO + ClO, —> ? —> Cl, + 30, 
The quantum efficiency of the gaseous decomposition is similar to 
that for the solution, but no hexoxide has been detected in the 
decomposition in solution (Bowen, Trans. Faraday Soc., 1931, 27, 
513). Since the gaseous decomposition occurs readily below the 
spectroscopic predissociation limit, it seems likely that pre- 
dissociation produces excited products which can be produced in 
the unexcited state below the limit by collision. 

The influence of the solvent on the phenomenon of predissociation 
is ‘interesting (Fig. 2). In this connexion the limiting value of the 
quantum efficiency is immaterial; the two important matters are 
the change in the position of the limit and its sharpness. In solution 
the chlorine dioxide molecule undergoes predissociation at lower 
energy values than in the gas owing to the altered energy relation- 
ships produced by change of environment. The lack of sharpness 
of the limit is a measure of the variable distorting influence of the 
solvent on different dissolved molecules; in the gas the theoretical 
curve should be as indicated by the broken line in Fig. 2. From 
Fig. 2 it can be seen that the cause of the apparent discrepancy 
between the results of Nagai and Goodeve and of Bowen for carbon 
tetrachloride solutions (locc. cit.) is the difference of wave-length 
used. The quantum efficiency falis off at wave-lengths well to 
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the red end of the gaseous predissociation limit, though its change 
with wave-length is sharper than with water. Allmand (“ Dis- 
cussion on the Critical Increment of Homogeneous Reactions,” 
1931, 22) discusses two possible solvent effects on the quantum 
efficiencies of photo-reactions : the deactivating effect of the solvent 
through collisions, and “inner filter” action. The second type 
of process seems out. of question in this case owing to the closeness 
of the extinction coefficients of chlorine dioxide in carbon tetra- 
chloride and in aqueous solution, while with the first type it is 
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difficult to explain the photo-reaction of the aqueous solutions 
at the longer wave-lengths. A more probable explanation seems 
to be that in a polar solvent such as water the dissolved molecules 
are distorted to varying degrees, so that at long wave-lengths a 
certain fraction are capable of dissociating, the fraction depending 
on the degree of distortion. 

In the thermal decomposition of aqueous solutions of chlorine 
dioxide much more chlorate than chloride is formed (proportions 
about 4:1). The mechanism of the thermal decomposition must 
therefore be essentially of a different character, as would be ex- 
pected since it must involve non-electronically excited molecules 
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activated to high values of vibrational energy, while the’ photo- 
process involves the production of electronically excited molecules. 


The thanks of the authors are due to the Royal Society for a 
grant by which the ultra-violet light measuring instrument was 
obtained. 


PuysicaL CHEMISTRY LABORATORY, BALLIOL AND TRINITY COLLEGEs, 
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160. Constitutional Factors controlling Prototropic 
Changes in Carbonyl Compounds. Part II. Acid 
and Base Catalysis in the Bromination of Halogen- 
ated Acetones. 


By Hersert BEN Watson and Epmunp Denys YATES. 


Ir has long been known that prototropic changes are accelerated 
by both hydrogen and hydroxyl ions, and the work of Dawson, 
Brénsted, and others (for full references, see Ingold, J., 1930, 
1033) has shown that undissociated molecules and the anions of 
weak acids must also be included in the list of catalysts. As 
Dawson and Key (J., 1928, 543) point out, however, “it seems 
probable that the activity of all such ions and molecules depends 
on their acid or basic character, that is to say, on their ability to 
act as proton donators or proton acceptors,” this being, in reality, 
a re-statement of Lowry’s view (J., 1925, 1383). There can be no 
doubt, indeed, that a prototropic change may proceed by two 
different mechanisms, as originally suggested by Lapworth and 
Hann (J., 1902, 81, 1513) in the following words: “it is possible 
that a desmotropic or tautomeric change may be the result of one 
or both of two superposed reactions, one due to ionisation of the 
compound itself, accelerated by bases and retarded by acids, and 
the other due to an additive phenomenon, accelerated by acids 
and retarded by bases.” Later, Lapworth (Mem. Manchester Phil. 
Soc., 1920, 64, 13) put forward the conception of direct removal 
of the proton by a basic catalyst. Similar views are expressed 
by Ingold (loc. cit.) in the suggestion that in basic catalysis the 
reactant confers on the catalyst a positive charge, while in acid 
catalysis the reactant receives from the catalyst a positive charge, 
and the two mechanisms are implied in Baker’s classification of 
catalysts (J., 1928, 1584) as those which attack the ionising proton 
directly (bases) and those which facilitate indirectly its liberation 
(acids). 
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In the special case of a keto-enol change, an “‘ acid mechanism ”’ 
suggested by Hughes and Watson (J., 1929, 1949) is as follows : 


hie 
—0—-0=0 ANE > (ue —~o56-nx —> —0=0—-0H + HX 
Ketone. Complex. Enol. 


where X = H,O (for catalysis by the oxonium ion), an anion (for 
undissociated acid), or OH (for water); for the “ basic mechanism ”’ 
a sequence of the following type is probable, the scheme being not 
fundamentally different from that suggested by Lowry (J., 1927, 
2559; compare also Lapworth, loc. cit.) : 


ery 6 
—d—¢=0 —> —0—G=—0 — —G=F—9 — —¢=¢>—0H. 

Ketone. Ketonic ion. Enolic ion. Enol. 
Chief among the basic catalysts which will promote such a series 
of changes are the anions of weak acids (of which hydroxy] is a 
special example), and the increasing activity of these ions as the 
strength of the corresponding acid diminishes is obviously due to 
increasing ability to act as proton acceptor. 

The influence of the substituent upon the prototropy of a mono- 
halogenated acetone has been discussed in Part I of this series 
(Hughes, Watson, and Yates, J., 1931, 3318). It was there shown 
that while, in absence of acid, bromoacetone passes into its enolic 
form more quickly than acetone, the prototropic change is acceler- 
ated by acids to a much smaller extent, and the interpretation 
suggested was that the electron affinity of the halogen atom (— /) 
causes (a) a diminution in the capacity of the ketone for co-ordin- 
ation with an acid, the change through the “acid mechanism ” 
being thus rendered far less rapid, and (b) an increased readiness 
of the proton to ionise. If these effects are operative in mono- 
bromoacetone, they should also be observed, but in an enhanced 
degree, in the higher halogenated acetones, and this expectation 
has been fully realised in the investigation now described. 

We have examined the kinetics of bromination of a number of 
halogen-substituted acetones, and in every case the speed of dis- 
appearance of the halogen is independent of its concentration ; 
the velocity measured is therefore, as in the case of acetone itself, 
that of the tautomeric change, which is followed by relatively 
instantaneous reaction with the halogen. No detectable quantity 
of enolide is present in any of the ketones, since the measurable 
reaction is never preceded by an instantaneous disappearance of 
any of the bromine. The medium used in our experiments was 
50% acetic acid, owing to the low solubility in water of the majority 
of the ketones; the work differs therefore from that described in 
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Part I (aqueous solution) in that acetate ions and un-ionised acetic 
acid molecules are always present. The speeds of bromination of 
0-1M-solutions of the ketones in presence of various concentrations 
of added hydrochloric acid (0 to 2M) were measured, and the very 
marked effect of the halogen substituents in decreasing the activity 
of acid catalysts is seen by an inspection of the slopes of the curves 
in Fig. 1, where velocity is plotted against concentration of added 
hydrochloric acid. An accompanying increase in the facility with 
which a proton is removed Fic. L. 

is suggested by our observ- 40, 
ation that very dilute 
aqueous solutions of all 
the bromoacetones have a 
definite hydrogen-ion con- 
centration ; the ketones are 
therefore strong enough 
acids to yield up their 
proton to the weak accep- 
tor, water, and this char- 
acteristic becomes stronger 
as the number of bromine 
atoms increases. 

The influence of sub- 
stituent halogen atoms is 
shown most clearly, how- 
ever, when the relative 
efficiencies of acid and basic 
catalysts (i.e., the ratio 
kacia/Kpase) ate considered. 
On our view, the effect of : dab rome 
the halogen will be a de- - 
crease in this ratio, for not ob 
only will acid catalysts be 
rendered less active (Kya 
smaller), but the increased 
ease with which the proton ionises will give a greater activity to 
basic catalysts (kpa.- greater). This is in harmony with Dawson 
and Carter’s observation (J., 1926, 2294) that the influence of acid 
catalysts on the reaction of chloroacetone with iodine is smaller in 
comparison with that of basic catalysts than is the case in the 
acetone-iodine reaction. Moreover, Ingold (loc. cit., pp. 1036, 1938) 
has pointed out that, for catalysis by hydrogen and hydroxy] ions in 
ester hydrolysis, the ratio ky/koy is a measure of the polarity of 
the groups R and R’ in the ester R-CO,R’; he finds, for example, 
RR 


30 


eelone 


20 


Velocity (c.c. of N/50-Na,S,0, per hour). 





0 0°5 10 2°0 
Concentration of HCl (mols.). 
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that the ratio has a lower value for chloroacetic than for acetic 
esters. 

In our experiments on the halogen-substituted acetones, we find 
that the simplest method of demonstrating a change in the value 
of the ratio k,.ia/kpase consists in the determination of the conditions 
under which the velocity of the prototropic change has its minimum 
value. Dawson and Carter (loc. cit., p. 2287) have shown that, as 
the concentration of hydrogen ion falls, the speed of iodination of 
acetone in aqueous solutions containing acetic acid (constant) and 
sodium acetate (variable) decreases, passes through a minimum, 
and again increases, and this phenomenon has been observed in 
other reactions which are susceptible to catalysis by both acids 
and bases (e.g., ester hydrolysis, Dawson and Lowson, J., 1927, 
2107; Ingold, loc. cit.). It is evident that on one side of the 
minimum point the prototropic change proceeds mainly through 
the “ acid mechanism.” and on the other side mainly through the 
“basic mechanism.” Throughout our experiments (in 50% acetic 
acid) the concentration of un-ionised acetic acid does not change 
appreciably, while hydrogen and acetate ions are present in vari- 
able concentration, and the point of minimum velocity is char- 
acterised, as in the work of Dawson and Dean (J., 1926, 2873) by 
the equality of the effects of these ions, t.¢., (Ug), = (U,);, or Ay{H"}; = 
k,{A’],. It is evident that if, in a halogenated acetone, the efficiency 
of acid catalysts relative to that of basic catalysts is smaller than in 
acetone (k,/k, smaller), a higher concentration of hydrogen ion will 
be required to produce equality of the catalytic effects. The anticip- 
ated fall in the ratio Kgcia/kpase Should therefore be expressed as a 
displacement of the minimum point in the direction of higher acid 
concentration. Dawson and Dean (loc. cit.) have, in fact, deduced 
the quantitative relationship [H"]; = VKOk,/(ka — ku), which for 
a weak acid reduces to [H"]; = /KCk,/ka, where K and C are 
respectively the dissociation constant and the concentration of 
the acid. Solutions of hydrogen chloride in 50%, acetic acid are 
obviously unsuitable for quantitative treatment, but Dawson and 
Dean’s expression nevertheless supports our argument that a 
decrease in the value of k,/k, should lead to an increase in [H"}. 

Our results, which will be made clear by reference to Fig. 2, 
have demonstrated that displacement of the minimum point occurs 
to a very marked extent, the acid concentration at this point 
increasing steadily as halogen atoms are successively introduced 
inte the’ acetone molecule. In 50% acetic acid the minimum 
point for acetone itself (p, = 4 in Dawson and Dean’s experiments) 
is not detected, but the velocity of the autocatalysed bromination 
of monobromo- and of monochloro-acetone reaches its minimum 
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value when the concentration of hydrogen bromide formed is 
0-002M (-+- 0-0005); i.e., [H"]; is greater than for the unsubstituted 
ketone. A careful inspection of the figures recorded in Part I (p. 
3324) reveals a minimum in the velocity of bromination of bromo- 
acetone (but not of acetone) in aqueous solution, and the earliest 
stages of the autocatalysed reaction must here proceed mainly 
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through the ‘“ basic mechanism” with water as proton acceptor, 
The ‘short initial period of greater speed” observed by Hughes 
and Watson (loc. cit., p. 1948) in the bromination of pyruvic acid, 
and attributed to “the formation of a small amount of unsatur- 
ated impurity,” may also be due to a reaction through the “ basic 
mechanism.” 

The bromination of dibromoacetone has its minimum velocity 
at a much higher concentration of acid than in the case of mono- 
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bromoacetone, the concentration of added hydrogen chloride being 
0-2M for the asymmetrical and 0-45—0-5M for the symmetrical 
derivative, and experiment thus confirms expectation. The most 
striking confirmation of our view regarding the influence of halogen 
substituents was obtained, however, by the extension of the in- 
vestigation to include more highly substituted acetones, when a 
remarkable fact was revealed. The bromination of aa«-tribromo- 
acetone and of as.-tetrabromoacetone becomes continuously slower 
as hydrochloric acid is added, even up to 2M concentration, i.e., 
the concentration of acid necessary to give the minimum velocity 
is greater than this value. This appears to be the first recorded 
example of a definite retardation of enolisation by the addition of 
considerable quantities of a strong acid, but it obviously differs 
from the well-known cases only in the fact that the minimum 
point occurs at a high concentration of hydrogen ion. Comparable 
results were obtained in another series of experiments where 0:-5M 
solutions of the ketones in 75%, acetic acid were examined. 

The continuous and very considerable displacement of the 
minimum point which accompanies the substitution of hydrogen 
by halogen indicates, as pointed out above, a progressive diminution 
in the activity of acid catalysts relative to basic catalysts; in 
other words, the sequence of changes constituting the “‘ acid mechan- 
ism ”’ is rendered continuously less facile than that constituting the 
“basic mechanism.”’ In the case of tri- and tetra-bromoacetones, 
indeed, reaction occurs through the latter mechanism even in 
presence of high concentrations of acid. The observations recorded 
in this communication thus provide strong evidence in support of 
our views regarding the influence of electron-attracting substituents 
(— J effect) upon the prototropy of carbonyl compounds. The 
work is now being extended to include a study of substituents other 
than halogens. 

EXPERIMENTAL. 


Preparation of Materials——Mono- and di-brominated acetones 
were prepared from acetone as described in Part I; «a««-tribromo- 
acetone (which has now been obtained as a solid, m. p. 26°) and 
as.-tetrabromoacetone from isopropyl alcohol (Dippy, Watson, and 
Yates, J., 1931, 2508), or, equally easily, from acetone. The 
chloroacetones were purchased from Messrs. British Drug Houses 
and purified by distillation under low pressure (monochloro-) and 
crystallisation from light petroleum (dichloro-). The acetic acid 
was purified by the method of Orton and Bradfield (J., 1927, 983). 

Products of Bromination of as.-Dibromoacetone.—47 G. of the 
ketone were dissolved in 200 c.c. of 75% acetic acid, 11-7 c.c. of 
bromine (1 mol.) added, and the mixture kept till colourless. On 
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addition of sodium carbonate, an oil separated; this was removed, 
the aqueous layer extracted with ether, and oil and extract dried 
over anhydrous sodium sulphate. Repeated fractionation gave 
the following: unchanged dibromoacetone (8 g.), «««-tribromo- 
acetone (31 g.; b. p. 106—107°/9 mm., m. p. 26°. Found: Br, 
81-2. Cale.: Br, 81:3%), «a«’-tribromoacetone (6 g.; b. p. 85— 
88°/9 mm. Found: Br, 806%. Gave no carbylamine with 
aniline and potash), higher brominated products (7 g. Found: 
Br, 87-4. Calc. for tetrabromoacetone: Br, 85°5%). The very 
large proportion of the «a««-tribrominated derivative is doubtless 
to be ascribed to the fact that the reaction occurs almost entirely 
by the basic mechanism, which will result in the removal of the 
proton most influenced by, and therefore nearest to, the bromine 
atoms. Co-ordination with an acid catalyst, on the other hand, 
causes activation of both alkyl groups. 

Kinetic Measurements.—It was impossible to eliminate the re- 
action of hydrogen iodide with the higher btominated acetones by 
the use of a buffer solution as described in Part I, and attempts to 
determine the bromine by arsenious acid, a sulphite, or a ferrous 
salt were unsuccessful. The velocity measurements (all at 25°) 
were therefore carried out as follows. To the desired quantities 
of ketone and catalyst in 50% or 75% acetic acid, different volumes 
of a solution of bromine in the same medium were added to give 
25 c.c. of reaction mixture, and the time required for the complete 
disappearance of the colour of the halogen was observed (compare 
Meyer, Annalen, 1911, 380, 235; Dawson and Key, J., 1928, 2154). 
This point could be detected with considerable accuracy. The 
amount of bromine added was determined by addition of an equal 
portion to potassium iodide and titration with thiosulphate. The 
accuracy of the method was checked by comparison with the usual 
titration process; the following figures for 0-5M-ketone and 0-5M- 
hydrochloric acid in 75% acetic acid are typical; they refer to fall 
in bromine concentration (M) per hour : 

Acetone. Bromoacetone. 
Titration method ............++0+++ 0-184 0-0283 
Colour method .......s.ccseseseeees 0-182 0-0284 

In presence of excess of ketone and of hydrochloric acid, the 
velocity of bromination is independent of the concentration of 
bromine, and the straight line connecting this concentration with 
time passes through the origin (absence of enol). The figures in 
the following table refer to bromination in 75% acetic acid, con- 
centrations of ketone and hydrochloric acid being 0:-5M. The 
three columns give initial N/10-titre (c), time in minutes (¢), and 
fall in titre per hour (k). 
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CH,Br-CO ‘CH. CHBr,°CO ‘OHs. CH,Br-CO-CH,Br. 
C. t. k. c. t, k. ¢. t. k. 
3-82 32 7-16 2-78 715 2-38 3-90 117 1-95 
9-30 80 7-00 9-68 240 2-42 7-85 416 1-90 
13-28 116 6-88 16-80 455 2-40 
CBr,°CO’CH;. CBr,°CO-CH,Br. 
c. t. k. ¢. t. k. 
9°35 62-5 8-98 3-92 8-9 26-5 
13-30 137 8-98 7-78 17:3 26-8 


15-32 34:3 26-8 


The next table indicates the speed of bromination in presence 
of various amounts of added hydrochloric acid, The curves in 
Figs. 1 and 2 are constructed from these data, together with the 
values for lower concentrations of halogen acid, obtained in some 
cases by similar measurements, and in others from the slope of 
the appropriate portion of the curve for the reaction when no 
halogen acid is present initially. The figures represent fall in 
N/10-thiosulphate titre per hour, for 0-1M-solutions of the ketones 
in 50% acetic acid. 





HCl added (M). 05M. 10M. 2-0M. 
Clg OOS saisiece 2s dsssenccddcasuler 4-85 11-95 — 
CH,Br-CO-CHy «...e+-e0+40- 0°75 1-70 ate 
CH,Cl-CO-CHy .......00.0+- 0-68 1-55 — 
CH,Br-OO-OH,Br ........... 0-95 1-00 1-28 
CH,Cl-CO-CH,Cl ;........-. 0-56 0-64 0-86 
CHBrgCO-CHg .....-.00000+ 0-28 0-55 pa 
CBr,*CO-CH; .............. a 4-50 3-50 
COBr,‘CO-CH,Br ..+.sssscscsssecsessceeeese she 15-80 11-00 


The following figures give the speed of bromination when no 
hydrochloric acid is added initially (‘‘ autocatalysed reaction ”’). 
They refer to 0-1M-solutions of the ketones in 50% acetic acid, 
and represent the time in minutes required for the fall of x c.c. in 
N/10-thiosulphate titre. 


oY 2, 6. 10. 
CH OO-CHy ecccesecceseces 72 138 330 _ 
CH,Br-CO-CH, ........... 49 106 315 575 
CH,Cl-CO-CH, ............ 14 72 290 585 
CH,Br-CO-CH,Br ......... 2-05 4-1 11-1 24-5 
CHBr,-CO-CH, ............ 8-1 17-5 54 137 
CBr,-CO-OH, ..........0.0.. 0-4 0-8 2-05 4-15 
CBr,°CO-CH,Br eteeseeeeees — 0- 15 0-40 0-85 


Ionisation of Brominated Acetones.—The py, values of M/400- 
solutions of the ketones in pure water were determined by the 
indicator method, standards for comparison being prepared from 
mixtures of 0:2N-acetic acid and -sodium acetate (Walpole, J., 
1914, 105, 2509). The solutions were free from bromide ion, and 
the hydrogen ions are therefore not produced by hydrolysis. The 
ionisation occurs at a slow rate, and a constant py, value was reached 
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only after several hours; it is hoped shortly to carry out a more 
detailed investigation of this point. 


pu by using 
0-05 e.c. 0-1 c.c. 
Ketone. Indicator. of indicator. of indicator, 

CH,°CO-CH, Rosolic acid 6-5 7 
CH,Br-CO-CH, Methyl-red 5-5 5-4 
CHBr,*CO-CH, Methyl-red 4:5 4-7 
CH,Br-CO-CH,Br Methyl-orange 4-3 4:3 
CBr,°CO-CH, Methyl-orange 3-8 3°8 
CBr,°CO-CH,Br Thymol-blue 2°8 2-8 


In conclusion the authors wish to express their appreciation of 
the very considerable financial assistance received from Messrs. 
Imperial Chemical Industries Ltd. 
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161.—Investigation on the Formation and Stability 
of B-Lactones. 


By ARUPPILLAI KANDIAH. 


8-LACTONES, in spite of their elementary position among the groups 
of organic compounds, have until recently received no adequate 
investigation and therefore constituted a small class of substances 
of which few examples were known. This is mainly to be ascribed 
to the general acceptance of the view of Erlenmeyer (Ber., 1880, 13, 
305; 1881, 14, 320) that 8-bromo-acids, when treated with the 
equivalent of sodium carbonate, undergo preferential decomposition 
into unsaturated hydrocarbons. The formation of styrene from 
8-bromo-8-phenylpropionic acid (Fittig and. Binder, Annalen, 
1879, 195, 131), of y-butylene from $-bromo-«-methylbutyric acid 
(Fittig and Pagenstecher, Annalen, 1879, 195, 108), and of amylene 
from $-bromo-a-ethylbutyric acid (Fittig and Howe, Annalen, 
1880, 200, 21) lent considerable support to this view. 

The existence of f-lactones of o-nitro- and p-nitro-phenyl-lactic 
acids (Einhorn, Ber., 1883, 16, 2208; Basler, ibid,, p. 3001) was 
ascribed, on the grounds of analogy, to the stabilising influence of 
the nitro-group. It has, however, now been shown (Johannson 
and Hagman, Ber., 1922, 55, 647) that the formation of these 
lactones as well as that of quinoyl-8-hydroxypropionic acid (Einhorn 
and Lehnkering, Annalen, 1888, 246, 160) is due to their insolubility 
(in water), which protects them from decomposition after formation, 

As a result of careful investigation of the action of sodium car- 
bonate on the 8-bromo-derivatives of propionic, butyric, isobutyrie, 
a-methyl-, and «-ethyl-butyric acids, Johannson (Dissert., Lund, 
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1916; Johannson and Hagman, loc. cit.) discovered that these 
substances underwent decomposition simultaneously in two ways : 


R-CH-CH, rk 
ie 4 HBr ca. 33° 
R-CHBr-CH,°CO,H ig O ; 


™ R-CH=CH, + CO, + HBr ,, 66% 


The essential difference between the f- and the y-lactones lies 
in the fact that, while the change y-lactone => hydroxy-acid 
is a reversible one, that of the §-lactone —> hydroxy-acid is 
irreversible. It is therefore necessary, for the successful preparation 
of the 6-lactones, to employ methods in which the decomposition 
of the lactone into the hydroxy-acid is prevented. 

In contrast to the 6-lactones derived from 6-bromo-monocarboxylic 
acids, dimethylmalolactone (I), obtained by Baeyer and Villiger 
(Ber., 1897, 30, 1954) by the action of moist silver oxide on bromo- 
68-dimethylsuccinic acid, appeared to possess considerable stability. 
The isomeric lactone (II) of 8-hydroxyisopropylmalonic acid (Mel- 
drum, J., 1908, 93, 598), on the other hand, is less stable and decom- 
poses when heated into carbon dioxide and acetone. 


O 0 
(I) Mac 0 Me,CC Oo (tL) 
, -CO,H ' Of1-C0,H 


The present investigation was undertaken with the object of 
synthesising a series of @-lactones of the as.-disubstituted succinic 
acids and the isomeric lactones of the 8-hydroxymalonic acid type 
and comparing their stabilities. Bains and Thorpe (J., 1923, 123, 
2742), who isolated the 6-lactone of 68-di-n-propylmalic acid (III) 
from the products derived from tribromo-$$-dipropylglutaric acid, 


0 0.H 
(III.) Pre, 20 Pra, (IV.) 
‘CO,H CH/(OH)-CO,H 


made the interesting discovery that this compound, in marked 
contrast to all the previously known 6-lactones, behaved like the 
stable y-lactones in that it could be regenerated from the salt of 
the hydroxy-acid (IV). These authors therefore suggested, on 
the basis of the valency deflexion hypothesis, that the alteration 
of the tetrahedral angle caused by the volumes of the two propyl 
groups brought the carboxy] and the hydroxy] group into the same 
relative distance from each other as the carboxy] and the y-hydroxy] 
group in an unsubstituted chain. On this view, it is to be expected 
that, while the f-lactones of the dimethyl- and the cyclopentane- 
malic acids would behave like typical 6-lactones, that of the cyclo- 
hexane analogue should simulate a y-lactone. 
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The following scheme represents the method employed in the 
preparation of these lactones : 


Rw 00H By oR 0 Ag,0 
R,> -\CH,-CO,H ~~ R>C<GHBr-00,H is 
1 


7 Yo 0 
R, f1-CO,H 


The bromination of the succinic acids by the Hell—-Volhard- 
Zelinski method is much slower than that of the corresponding 
glutaric acids, but is considerably hastened in sunlight. The action 
of sodium carbonate in various concentrations and proportions 
on the bromo-acids was first studied. Under no conditions and in 
no case could the 8-lactone be obtained : the product was invariably 
the hydroxy-acid (V). §-Lactones were, however, obtained in 
excellent yield by the action of moist silver oxide on an ethereal 
solution of the bromo-acid. 

The lactonic acids thus obtained are generally well-defined 
crystalline solids and are distinguished from the hydroxy-acids by 
their solubility in hot benzene, in which the latter are practically 
insoluble. They form normal esters when treated with ethyl- 
alcoholic hydrogen chloride. The initial action of sodium carbonate 
on a $-bromo-acid, as on a y-bromo-acid, is probably the elimination 
of sodium bromide and the formation of the 8-lactone. The latter 
is, however, almost immediately converted into the hydroxy-acid 
by the action of boiling water. 


2K cararoon” X20 Be. Boo (oom (V.) 
HBr: CO, R H- CO R, H(OH)-CO,H 


Johannson and Hagman’s isolation of the 8-lactone by the action 
of sodium carbonate on $-bromo-«-ethylbutyric acid (loc. cit.) 
depended for its success on the use of a solvent (chloroform) to 
remove the $-lactone from the sphere of action soon after formation 
and thus prevent its decomposition. It has now been found that 
all 8-lactonic acids are converted into the corresponding hydroxy- 
acids by boiling water. These facts support the mechanism sug- 
gested for the formation of the hydroxy-acids from 6-bromo-acids. 

The 8-lactonic acids, on titration, behave as monobasic acids, 
but become dibasic when heated with alkali. They show none 
of the fickleness of neutralisation which is so troublesome a feature 
of the y-lactonic acids. The lactones could in no case be regenerated 
from the salts of the hydroxy-acids. Treatment of the hydroxy- 
acids with the conventional lactonising reagents (hydrochloric acid, 
hydrobromic acid, etc.) failed to convert them into the lactonic 
RR2 
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acids. It was to be expected in the case of the 6-lactonic acids 
(I; VI; VIZ) that once the lactone ring was opened there would 
be no tendency to re-form it, On the other hand, it was expected 
that the lactone (VIII), on the basis of a uniplanar configuration 
for the cyclohexane ring, which reduces the angle between the extra- 
cyclic valencies to 107-2°, would behave like a y-lactone. Possibly 


Et CO H,-CH, 0 
(VIL) OK Pa O (VIL.) 
1-CO,H HCH, \CH-CO,H 
‘CH, CO 
ond ok 30. emt 
CH,-CH, \CH-CO,H 


the extent of the valency deflexion even in this case is not sufficient 
to bring about this change. It was therefore considered desirable 
to study the lactone (XI), in which the effect of the cyclohexane 
ring would be supplemented by that of an «-methyl group. The 
1-carboxycyclohexane-1-«-propionic acid (IX) necessary for this 
purpose was synthesised by Higson and Thorpe’s method (J., 1906, 
89, 1455) by the following series of reactions : 


CH, CH, OH CH(CN)-CO,Et 
CCH cH >C<cN > >O<y' at > 


CHMe:CO,H CBrMe’CO,H 
>“<con ers on So 
(TX.) (X.) 


H,CH, CMe:CO 
OK a aK 0 ae 
2°CH, ‘CO 

Some trouble was experienced in the bromination of the acid 
(IX). Considerable difficulty had previously been encountered 
in the preparation of bromotrimethylsuccinic acid. Komppa 
(Acta Soc. Sci. Fennice, 1891, 24, 1) obtained, by the action of 
phosphorus pentabromide on hydroxytrimethylsuccinic acid, a 
complex mixture of substances, from which he was unable to isolate 
any pure product. Bone and Sprankling (J., 1902, 81, 50) obtained, 
by the action of water on bromotrimethylsuccinic anhydride, a 
solid, m. p. 120—130°, which was a mixture of the parent anhydride 
and bromotrimethylsuccinic acid. It has, however, been found 
that the bromination of trisubstituted succinic acids proceeds 
smoothly in ultra-violet light. 

The @-lactone (XI) behaves exactly like the other $-lactones in 
that it is not produced from the hydroxy-acid. The behaviour 
of the 6-lactone of di-n-propylmalic acid in simulating a y-lactone 
would thus seem to be an abnormal one. 
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Attempts to determine the difference in stability of the various 
lactonic acids by measurement of the rate of opening of the lactone 
ring by means of alkali were unsuccessful. The reactions proceeded 
too slowly at 25—50°, and too rapidly at 80° for accurate measure- 
ments to be made. 

Baeyer and Villiger found that as.-dimethylmalolactone, in 
sharp contrast to the lactones derived from $-bromo-monocarb- 
oxylic acids, could be distilled under reduced pressure without loss 
of carbon dioxide. The product of distillation was, however, 
shown by Fichter and Hirsch (Ber., 1900, 33, 3270) to be dimethy]- 
malic anhydride and not the lactone itself as Baeyer and Villiger 
had thought. All the @-lactones discussed in this paper undergo 
the same intramolecular rearrangement into the anhydrides of the 
corresponding hydroxy-acids on distillation: the change is not 
surprising when it is remembered that a not particularly stable 
four-membered ring is converted into a stable five-membered one. 
The identity of the anhydrides was established by their preparation 
from the cesar 


PS oer Pee ish 
R 1-00, 1 R, Jax BEEN Be R, H(OH)-CO,H 


8-Lactones of the Type (I1).—Lactones of type (II), with Me and 
Et, Pr*,, C,H,>, or C;H,)> in place of Me,, have been obtained 
either by Meldrum’s original method or by the modification of it 
devised by Ott (Annalen, 1913, 401, 1605).. They are all highly 
crystalline substances and are regenerated from their salts on 
acidification. They behave as monobasic acids on titration with 
cold alkali and as dibasic acids at 100°. These lactones undergo 
ring fission by alkali much more slowly than the isomerides pre- 
viously discussed. The great solubility of the resulting hydroxy- 
malonic acids in water and their general instability make their 
isolation impossible. 

Synthesis of Cyclic Malonic Acids.—The usual methods of pre- 
paration of cyclic malonic acids are rather involved and tedious. 
It is now found that cyclohexane- and cyclopentane-1 : 1-dicarboxylic 
acid are conveniently obtained by oxidation of the hydroxy-acids 
C5H,,>C(CO,H)-CH(OH)-CO,H and C,H,>C(CO,H)-CH(OH)-CO,H 
respectively with permanganate. 


EXPERIMENTAL. 
«-Bromo-1-carboxycyclohexane-1-acetic Acid.—1 -Carboxycyclo- 
hexane-l-acetic acid (Lapworth and McRae, J., 1922, 121, 2754) 
(162 g.) was mixed with phosphorus pentachloride (360 g.) and 
heated on the steam-bath for 4 hours, bromine (47 ¢.c.) added 
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during 8 hours, and the mixture gently heated until the evolution 
of hydrogen bromide ceased (30 hours). The product was poured 
into formic acid (300 c.c., d 1-2) and, when the vigour of the initial 
reaction had abated, heated on the steam-bath for 3 hours. The 
bromo-acid, which separated from the cooled solution, was washed 
with a little cold formic acid and crystallised from this solvent, 
forming needles, m. p. 142°; more was obtained from the concen- 
trated filtrate (yield, 212 g.) (Found : Br, 29-9. C,H,,0,Br requires 
Br, 30-2%). 

8-Lactone of «-Hydroxy-1-carboxycyclohexane-1-acetic Acid (VIII). 
—ASilver oxide freshly prepared from 51 g. of silver nitrate was 
added portionwise to a solution of the preceding bromo-acid (25 g.) 
in ether (250 c.c.) : silver bromide separated at once and the solvent 
boiled. After 6 hours, more ether was added, the mixture decom- 
posed with just sufficient hydrochloric acid, the solution filtered 
and dried over anhydrous sodium sulphate, and the solvent evapor- 
ated. The oily residue solidified in a vacuum (yield, 14 g.). The 
B-lactone of «-hydroxy-1-carboxycyclohexane-1-acetic acid crystallised 
from benzene-petroleum (b. p. 60—80°) in rectangular prisms, 
m. p. 129° [Found : C, 58-5; H, 6-6; M,,* 184-5; M,, 101. C,H,,0, 
requires C, 58:7; H, 6-5%; M, (monobasic), 184; M, (dibasic), 
101}. The aniline salt crystallised in lustrous plates, m. p. 116°, 
when the lactone and aniline were mixed in benzene solution (Found : 
C, 64-6; H, 7-0. C,H,,0,,C,H,"NH, requires C, 65°0; H, 6-9%). 

«-Hydroxy-1-carboxycyclohexane-l-acetic Acid.—(1) A solution of 
the bromo-acid (40 g.) in 2N-sodium carbonate (400 c.c.) was boiled 
under reflux for 3 hours and evaporated on the steam-bath to a 
syrupy consistency. The oil which was precipitated on acidification 
of the solution was extracted and dried in ether, recovered, and 
crystallised from ethyl acetate, «-hydroxy-1-carboxycyclohexane-1- 
acetic acid being obtained in needles, m. p. 135°, sparingly soluble 
in chloroform and benzene (Found : C, 53-6; H, 7-0; equiv., 100-9. 
C,H ,,0, requires C, 53-5; H, 6-9%; equiv., 101). 

(2) The lactonic acid (VIII) (1 g.) was heated for 1 hour with 
N/10-barium hydroxide (50 c.c.), and the solution cooled, acidified, 
and thoroughly extracted with ether. The acid thus obtained, 
after one crystallisation, melted at 135°, alone or mixed with the 
hydroxy-acid. 

The anhydride, prepared by the action of excess of acetyl chloride 
on the acid, distilled at 170°/11 mm. and solidified. It crystallised 
from light petroleum (b. p. 60—80°) in stellate clusters of rods, 
m. p. 86° (Found: C, 58:8; H, 6-4. C,H,,0, requires C, 58-7; 


* Throughout this paper M, and M, denote the equivalents obtained by 
titration with cold and with hot alkali respectively. 
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H, 65%). The anilic acid separated in needles, m. p. 187°, when 
the anhydride and aniline were mixed in benzene solution (Found : 
C, 64:9; H, 68. C,;H,,O,N requires C, 65-0; H, 69%). The 
anil, formed on melting the acid, crystallised from alcohol in plates, 
m. p. 168° (Found : C, 69-4; H, 6-6. C,;H,,0,N requires C, 69-5; 
H, 6-5%). 

Distillation of the Lactonic Acid.—Fumes were evolved and then 
a viscous liquid distilled at 164°/8 mm. This solidified on cooling 
and crystallised from petroleum in rosettes of needles, m. p. 85—86°. 

Oxidation of «-Hydroxy -1 - carboxycyclohexane - 1 - acetic Acid to 
a - Keto - 1 - carboxycyclohexane -1- acetic Acid—A 4%, solution of 
potassium permanganate (5-3 g.) was slowly added, with vigorous 
shaking, to the hydroxy-acid (10 g.) in water (1 1.) which had 
been neutralised with N/10-barium hydroxide. After 6 hours, 
the filtered solution was concentrated, acidified with hydrochloric 
acid, and extracted with ether. The keto-acid, obtained on evapor- 
ation of the solvent, was sparingly soluble in benzene and crystallised 
from chloroform in short needles, m. p. 132° (Found: C, 54-0; H, 
5-9; equiv., 100. C,H,,0, requires C, 54:0; H,6-0%; equiv., 100). 
The quinozaline derivative, prepared by heating the keto-acid and 
o-phenylenediamine (1 mol. of each) in glacial acetic acid, was 
obtained as a yellow precipitate on dilution of the solution; it 
crystallised from alcohol in buff-coloured needles, m. p. 249° (sinter- 
ing at 240°) (Found : C, 66-2; H,6-0. C,;H,,0,N, requires C, 66-2; 
H, 5:9%). 

Oxidation of «-Hydroxy-1-carboxycyclohexane-l-acetic Acid to 
cycloHexane-1 : 1-dicarboxylic Acid.—The acid (2 g.), suspended 
in water (150 c.c.) and neutralised with aqueous barium hydroxide, 
was stirred while a solution of potassium permanganate (4 g.) in 
water (100 c.c.) was added during 4 hours. After 12 hours, the 
filtered solution was evaporated to a small bulk and acidified with 
hydrochloric acid. cycloHexane-1 : I-dicarboxylic acid, obtained 
by extraction of the solution with ether, solidified on trituration 
with benzene: it crystallised from light petroleum (b. p. 60—80°) 
in prisms, m. p. 17° (equiv. 86). 

Bromination of 1-Carboxycyclopentane-1-acetic Acid.—The bromin- 
ation was carried out exactly as described for the cyclohexane acid, 
the quantities employed being 150 g. of the acid, 364 g. of phosphorus 
pentachloride, 47 c.c. of bromine, and 300 c.c. of formic acid. A 
large proportion of the bromo-acid crystallised from the formic 
acid solution, and what remained dissolved was isolated by extrac- 
tion with ether (yield, 200 g.). «-Bromo-1-carboxycyclopentane-1- 
acetic acid crystallised from formic acid in plates, m. p. 135° (Found : 
Br, 31-5. C,H,,0,Br requires Br, 31-9%). 
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@-Lactone of a+Hydroxy-1-carboxycyclopentane-l-acetic Acid (VII). 
—The bromo-acid (50 g.) was dissolved in ether (300 c.c.) and treated 
with silver oxide freshly prepared from 100 g. of silver nitrate. The 
8-lactone, isolated in the usual manner, solidified in a vacuum after 
1 day and was freed from oily impurities on porous tile (yield, 25 g.). 
It was freely soluble in most organic solvents, more soluble in 
benzene than the cyclohexane analogue, and crystallised from 
benzene-light petroleum (b. p. 40—60°) in rectangular prisms, 
m. p. 81° (Found: OC, 56-4; H, 63; M,, 170; M,, 94. C,H,,0, 
requires C, 56-4; H, 59%; M,, 170; My, 94). The aniline salt 
crystallised from benzene in soft needles, m. p. 118° (Found: C, 
63-9; H, 6-3. C,H,)0,,C,H,*NH, requires C, 63-9; H, 65%). 

a-Hydroxy-1-carboxycyclopentane-l-acetic Acid.—A solution of 
the bromo-acid (25 g.) in 2N-sodium carbonate (250 c.c.) was boiled 
under reflux for 4 hours. The hydroxy-acid, isolated as described 
before, crystallised from ethy] alcohol in short prisms (14 g.), m. p. 
125° (Found: ©, 51-2; H, 63; M,, 93-8. C,H,,0O,; requires C, 
51-2; H, 64%; M,, 94). The anhydride, obtained by boiling a 
mixture of the acid and acetic anhydride, distilled as a viscous 
liquid which solidified on cooling; recrystallised from light petroleum 
(b. p. 60—80°), it formed needles, m. p. 141° (Found: C, 56-5; 
H, 5-7. CH 0, requires C, 56-4; H, 5-9%). 

Distillation of the Lactonic Acid.—There was a slight evolution 
of fumes at the commencement. The distillate, which solidified 
on cooling, had, after one crystallisation, m. p. 141° alone or mixed 
with the above anhydride. The anilic acid crystallised from benzene 
in prisms, m. p. 151° (Found : C, 63-8; H, 66. C,,H,,0,N requires 
C, 63-9; H, 6-5%). 

Oxidation of the Hydroxy-acid to «-Keto-1-carboxycyclopentane-1- 
acetic Acid.—This was carried out exactly as described on p. 1221. 
The keto-acid, which was sparingly soluble in benzene, crystallised 
from a large volume of chloroform in rods, m. p. 133° (Found : 
©, 51-7; H, 5-5; equiv., 93. C,H,,0; requires C, 51-6; H, 54%; 
equiv., 93), 

Oxidation to cycloPentane-1 : 1-dicarboxylic Acid.—The quantities 
employed were : 2 g. of the acid and 4 g. of potassium permanganate 
(3% solution). The product, worked up in the usual way, gave 
an acid (1 g.) which crystallised from ether—petroleum in small 
prisms, m. p. 190° (Found: M, 78-5). 

Bromination of 8-Methyl-B-ethylsuccinic Acid.—The quantities 
employed for bromination were: 16 g. of the acid (Higson and 
Thorpe, Joc. cit.), 42 g. of phosphorus pentachloride, and 6 c.c. of 
bromine. Since the bromo-acid failed to separate from the formic 
acid solution, the solvent was evaporated and the residue diluted 
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with water and extracted with ether. «-Bromo-(-methyl-Q-ethyl- 
succinic acid, left on evaporation of the ether, solidified after 3 dar . 
and crystallised from benzene-light petroleum, b. p. 60—80°, in 
prisms, m. p. 126° (Found: Br, 33-0. C,H,,0,Br requires Br 
33-5%). 

Lactone of 8-Methyl-B-ethylmalic Acid.—This lactone, prepared 
by the usual method, did not solidify after several weeks (Found : 
M,, 156. C,H, 0, requires M,, 158). The aniline salt crystallised 
in needles, m. p. 102° (Found : C, 62-0; H,6-7. C,H )0,,C,H,"NH, 
requires C, 62-1; H, 6-8%). 

8-Methyl-B-ethylmalic Acid.—A solution of the bromo-acid in 
N-sodium carbonate was boiled for 3 hours. The hydroxy-acid, 
precipitated from the acidified solution, crystallised from chloroform- 
light petroleum in plates, m. p. 105° (Found : C, 47-8; H, 68%; 
M, 176). 

Bromination of $8-Dimethylsuccinic Acid.—The quantities used 
were 20 g. of the acid, 69 g. of phosphorus pentachloride, and 9 c.c. 
of bromine. «-Bromo-$8-dimethylsuccinic acid, which separated 
from the formic acid solution, had m. p. 167° (Baeyer and Villiger, 
loc. cit.). 

8-Lactone of 88-Dimethylmalic Acid.—Prepared by the standard 
method, this crystallised from benzene—petroleum in plates, m. p. 
56°, and m. p. 45° after drying in a desiccator. This f-lactone, 
unlike the others, shows an extraordinary tendency to combine 
with a molecule of water (Found: C, 49-9; H, 5-7; M,, 145. Cale. : 
C, 50:0; H, 56%; M,, 144). 

Bromination of 2-Carbozxy-trans-hexahydrohydrindene-2-acetic Acid. 
—This was carried out in the usual manner, the quantities used 
being 12 g. of the acid, 22 g. of phosphorus pentachloride, and 8 ¢.c. 
of bromine. «-Bromo-2-carboxy-trans-hexahydrohydrindene-2-acetic 
acid, which was isolated by extraction with ether, solidified in a 
vacuum after a few days and crystallised from formic acid in prisms, 
m. p. 136° (Found: Br, 26-1. C,,H,,0,Br requires Br, 26-3%).. . 

8-Lactone of «-Hydroxy-2-carboxry-trans-hexahydrohydrindene-2- 
acetic Acid.—This {-lactone, which was prepared by the action of 
silver oxide on an ethereal solution of the bromo-acid, remained 
a sticky mass in a vacuum for several days. It crystallised from 
benzene, on addition of light petroleum, in clusters of silky needles, 
m. p. 110°; more was obtained from the mother-liquor after con- 
centration (Found : C, 64:3; H, 7-0; M,, 225; My, 121. C,,Hy.0, 
requires C, 64-3; H, 7-1%; M,, 224; M,, 121). The aniline'salt 

crystallised from benzene in plates, m. p. 116° (Found: C, 68-1; 
H, 7:2, C,,H,,0,,C,H,"NH, requires 0, 68-2; H, 7-2%). 
a-Hydroxy-2-carboxy-trans-hexahydrohydrindene-2-acetic acid, ob- 
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tained by the action of sodium carbonate on the bromo-acid, had 
m. p. 134° after one crystallisation from ethyl acetate (Found : 
C, 59-5; H, 7-4; M, 120-8. C,,H,,0, requires C, 59-5; H, 7-4%; 
M, 121). 

«-Bromo-2-carboxy-cis-hexahydrohydrindene-2-acetic acid, obtained 
by the bromination of the corresponding succinic acid, crystallised 
from benzene-light petroleum in needles, m. p. 164° (Found: Br, 
25°8. C,,H,,0,Br requires Br, 26-3%). 

The §-lactone of «-hydrory-2-carboxy-cis-hexahydrohydrindene-2- 
acetic acid, prepared in the usual manner, is much more soluble in 
benzene than the trans-isomeride and crystallises from benzene— 
petroleum (b. p. 60—80°) in snow-white rectangular prisms, m. p. 
125° (Found: C, 64:2; H, 7:3; M,, 2243; M,, 121. C,.H,,0, 
requires C, 64-3; H, 7:1%; M,, 224; M,, 121). The aniline salt 
separated from benzene in needles, m. p. 135° (Found: C, 68-0; 
H, 7:3. C,.H,,0,,C,H,-NH, requires C, 68-2; H, 7-2%). 

a-Hydroxy-2-carboxy-cis-hexahydrohydrindene-2-acetic acid, ob- 
tained by the action of sodium carbonate on the bromo-acid, crystal- 
lised from chloroform in short needles, m. p. 192° (Found: C, 59-4; 
H, 7-6; M,121. C,.H,,0, requires C, 59-5; H, 7-4%; M, 121). 

Synthesis of 1-Carboxycyclohexane-l-«-propionic Acid (IX).— 
Ethyl 1-cyanocyclohexane-1-«-cyanopropionate. To a well-cooled 
solution of freshly distilled cyclohexanone cyanohydrin (186 g.) in 
absolute alcohol (186 c.c.) was gradually added, with vigorous 
shaking, a suspension of ethyl sodiocyanoacetate, obtained from 
ethyl cyanoacetate (168 g.), sodium (33 g.), and alcohol (500 c.c.). 
The mixture, after being kept in ice for 6 hours and at room temper- 
ature for 3 days, was mixed with methyl iodide (145 c.c.) and, after 
the initial vigorous reaction had abated, boiled under reflux until 
a test portion, diluted with water, was neutral to litmus. The 
oil thus precipitated was extracted with ether, washed with a large 
volume of water to remove most of the alcohol, dried, and recovered. 
The ester distilled as a viscous liquid, which solidified when cooled and 
crystallised from light petroleum (b. p. 60—80°) in large, well- 


defined, rhombic prisms, m. p. 51° (Found: C, 66-6; H, 7-5. - 


C,3H,,0,N, requires C, 66-6; H, 7-7%). 

Hydrolysis. As this ester could not be hydrolysed with con- 
centrated hydrochloric acid even on prolonged boiling, it was mixed 
with 6 vols. of 70% sulphuric acid and boiled under reflux for 10 
hours. The solution was then diluted with water and extracted 
with ether and the acid thus obtained was freed from neutral matter 
by extraction with sodium carbonate. 1-Carboxrycyclohexane-1- 
a-propionic acid crystallised from chloroform in prisms, m. p. 110° 
(Found: C, 60-0; H, 8-3; equiv., 95. © )H,,0, requires C, 60-0; 



























THE FORMATION AND STABILITY OF @-LACTONES. 1225 


H, 8:0% ; equiv., 100). The anhydride distilled at 165°/10 mm. as a 
colourless liquid (Found: C, 65-9; H, 7:8. C, )H,,0, requires 
C, 65:9; H, 7:°7%). The anilic acid crystallised in plates, m. p. 
165° (Found: C, 69-5; H, 7-8. C,,H,,O,N requires C, 69-8; H, 
76%). The anil separated from aqueous alcohol in lustrous needles, 
m. p. 100° (Found: C, 74:7; H, 7-4. © gH,,0,N requires C, 74-7; 
H, 7-4%). 

Bromination of 1-Carboxycyclohexane-1-x-propionic Acid.—The 
acid (20 g.), contained in a silica flask, was mixed with phosphorus 
pentachloride (40 g.) and warmed on the steam-bath until the 
evolution of hydrogen chloride ceased. Dry bromine (7 c.c.) was 
added, and the mixture kept in an ultra-violet chamber for 3 days. 
The solution obtained by pouring the mixture into formic acid 
was evaporated on the steam-bath, and the bromo-acid isolated by 
extraction with ether. It solidified after a week and, having been 
drained on porous tile, crystallised from formic acid in prismatic 
rods, m. p. 142° (Found: Br, 28-5. C,,H,,0,Br requires Br, 
28°7%). 

Bromination of the Anhydride.—The anhydride (5 g.), mixed 
with bromine (4 g.), was heated in a sealed tube in a boiling water- 
bath for 12 hours. The liquid product was kept in a vacuum 
desiccator over potash to remove the last traces of hydrogen bromide. 
The bromo-anhydride crystallised from light petroleum (b. p. 60— 
80°) in colourless prisms, m. p. 55° (Found: Br, 30-5. Cy H,,0,Br 
requires Br, 30-7°%). 

6-Lactone of «-Hydroxy-1-carboxycyclohexane-1-a-propionic Acid. 
—The bromo-acid, on treatment with silver oxide, was quantitatively 
converted into the lactone, which crystallised from benzene in 
rectangular prisms, m. p. 46° (Found: C, 60-6; H, 7-0; M,, 197-3; 
My, 108. Cy 9H,,0, requires C, 60-6; H, 7-2%; M,, 198; Mg, 108). 

a-Hydroxy-1-carboxycyclohexane-1-«-propionic Acid.—When a 
solution of the bromo-acid in sodium carbonate was boiled for 3 
hours and acidified, the hydroxry-acid separated as a snow-white 
solid readily soluble in benzene; it crystallised from hot water in 
needles, m. p. 73-4° (Found: C, 55-6; H, 7-4; M, 108. C,H,,0, 
requires C, 55-5; H, 7-4%; M, 108). 

Bromination of Trimethylsuccinic Acid.—Trimethylsuccinic acid 
was prepared by Higson and Thorpe’s method (compare Bardhan, 
J., 1928, 2604). The bromination was carried out exactly as 
described above. Bromotrimethylsuccinic acid crystallised from 
formic acid in scales, m. p. 185° (Found: Br, 33-5. C,H,,0,Br 
requires Br, 33-5%). 

The 8-lactone of hydroxytrimethylsuccinic acid, prepared from 
the bromo-acid in the usual way, crystallised from benzene—petroleum 
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in needles, m. p. 120° (Found: ©, 53-2; H, @4. Cale.: C, 53-2; 
H, 63%). 

a-Carboxy-f-hydroxy--n-propylhexolactone (as II).—When malonic 
acid (10 g.), dipropyl ketone (20 g.), acetic anhydride (20 c.c.), 
and concentrated sulphuric acid (1 c.c.) were mixed together, there 
was considerable development of heat and the malonic acid soon 
dissolved. After 24 hours, the solution was cooled in a freezing 
mixture and the crystalline product was collected and washed 
with a little water (yield, 7 g.). On removal of the ketone from 
the mother-liquor in a vacuum, a further quantity of the lactonic 
acid was obtained. It crystallised from light petroleum (b. p. 
60—80°) in long needles, m. p. 89°'(Found: C, 60:0; H, 8-0; M, 
200. Cj, H,,0, requires C, 60-0; H, 80%; M, 200). 

1-Hydroxycyclopentane-1-malonolactone (as II).—A mixture of 
cyclopentanone (30 g.) and malonic-acetic anhydride (70 g.) was 
kept for 24 hours and then cooled in a freezing mixture ; it deposited 
a crystalline solid (20 g.). A further quantity of the lactone was 
obtained by extracting the mother-liquor repeatedly with petroleum. 
This lactone crystallised from benzene-light petroleum in plates, 
m. p. 73° (Found: ©, 56-4; H, 6-1; M, 170-8. C,H,).0, requires 
C, 56-4; H, 5-9%; M, 170). 

1-Hydroxycyclohexane-1-malonolactone.—This condensation was 
carried out as in the previous case, the quantities used being cyclo- 
hexanone (40 g.) and malonic-acetic anhydride (73 g.). Yield, 50g. 
The lactone crystallised from petroleum (b. p. 60—80°) in plates, 
m. p. 95° (Found: C, 58-8; H, 6-4; M, 184-2. C,H,,0, requires 
OC, 587; H, 65%; M, 184). 


In conclusion, the authcr wishes to acknowledge his indebtedness 
to Professor 'vhorpe, C.5.E., F.R.S., for his kind interest in this 
investigation, and to the Chemical Society for a research grant 
which has helped to defray the cost. 


ImpeRtaL CoLLEGE or ScrENCE AND TECHNOLOGY, 
Lonpon, S8S.W. 7. [Received, October 3rd, 1931.) 





162. The Salt-forming Characteristics of Doubly- and 
Singly-linked Elements of the Oxygen Group. Part 
III, The Carbonyl Group in Ethyl Benzoate. 


By Jonn Wii11amM Baker and Lusi Hey. 


Ir has previously been shown (Baker, J., 1931, 307; Baker and 
Moffitt, ibid., p. 314) that in concentrated sulphuric acid solution, the 
carbonyl group in benzaldehyde (R = H) and acetophenone (R = 
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® 
vs 2 : pk ley 8 
Me) exists largely in the form of the oxonium salt -GR:0H/ HSO, 


The analogous case of ethyl benzoate (R = OEt) has now been 
studied. 

Since this ester gives no colour with concentrated sulphuric acid, 
a colorimetric method of investigation was excluded,* but applic- 
ation of the partition and nitration methods used before has shown 
that oxonium salt formation occurs. 

By analogy with the systems previously studied, the condition of 
ethyl benzoate in sulphuric acid solution is most probably repre- 
sented by the consecutive ionic equilibria : 


Ph-C(OEt):0 + HO-SO,H —= 


OH ama S| 
Ph-C(OEt)<6.90 H = Ph-C(OEt):OH + OSO,H 
3 

Soluble 2 pmo annem Insoluble in ligroin ----- --------------------------7 > 
although it is recognised that, in this case, the possibility of oxonium 
salt formation involving the singly-linked oxygen of the ethoxy- 


@ 3 
group, —C:0-OHEt} X, cannot be excluded. In either case the pro- 
portion of the ester present in the unmodified form should, be readily 
determined by partition between ligroin (in which it is miscible in all 
proportions) and sulphuric acid. The results obtained in such 
partition experiments at the ordinary temperature are in Table I, the 
proportion of ester in the ligroin layer being determined by quanti- 
tative hydrolysis. 


Tasxe I. 


Partition of ethyl benzoate between sulphuric acid and ligroin at the 
ordinary temperature. 





Proportion of Ph:CO,Et in 
ligroin layer (%). 
_ _100[H,80,] 100[SO3]__ . (A) Without (B) With 
[H,SO,] + [H,0]) [SO,] + (H,0] (NH,),80,. (NH,),80,. 
(Approx.) 3% free 80, Approx. 82-1 2-8 6-4 
- 1—2% ss »s Se 81-9 3°2 9-5 
100 81-6 5-4 15-5 
90 73-5 11-7 98-1 


The close similarity of these results with those obtained in the 
case of benzaldehyde (Baker, loc. cit.) is immediately apparent, 
addition of ammonium sulphate to the acid layer causing a similar 
repression of the ionic dissociation, followed by a further decom- 
position of the pseudo-salt into the free ester and sulphuric acid, with 
the result that, under these conditions, a much larger proportion of 


* Alteration in the nature and position of the ultra-violet absorption bands 
is under investigation. 
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the ester is found in the ligroin layer. Comparison of the data for 
the aldehyde and the ester suggests, however, that this effect is more 
pronounced in the case of the oxonium salt of ethyl benzoate, which 
also appears to be more susceptible to hydrolysis as the concentra- 
tion of the sulphuric acid is diminished. 

Even more conclusive evidence of the presence of the oxonium- 
salt form is found in the large increase in the proportion of m-sub- 
stitution [due to the integral positive charge distributed on the 


carbonium-oxonium kation which occurs when 


, —— ] 
Ph-C(OEt):0H 
ethyl benzoate is nitrated in the presence of sulphuric acid con- 
taining free sulphur trioxide (compare Holleman, Ber., 1906, 39, 
1715). The results obtained (details of which are given in the 

experimental portion) are summarised in Table IT. 


TABLE IT. 
Nitration of ethyl benzoate under various conditions. 


Mean proportion of m-isomeride 


Nitra- Density formed (%) (error, +-0-5—1%). 
tion (d**") of (a) Without (6) With 
No. Conc. of H,SO,. HNO,. Am,SQ,. Am,S0O,. 
1—2 55% free SO, 1-53 93-7 85-0 
3—4 33% ” 1-53 92-7 84-7 
5—6 100-4% 1-53 91-4 82-5 
7—10 90% 1-53 82-9 78-8 

ll 0% 1-53 74:8 “ 
12 0% 1-53 + NO; 75°8 _ 


The proportion of m-nitration observed in nitric acid (d 1-53) alone 
(74-8%: Holleman, “ Die direkte Einfiihrung von Substituenten 
in den Benzolkern,”’ p. 126, records 68-4°% ) is increased to 93-7°% when 
nitration is effected in the presence of sulphuric acid containing 
55%, of free sulphur trioxide, that is, under conditions which would 
preclude hydrolysis of the oxonium salt. This value decreases 
gradually as the concentration of sulphur trioxide is diminished, but, 
even in 90% sulphuric acid, is still considerably greater than that 
obtained in absolute nitric acid alone. Moreover, the effect of added 
ammonium sulphate in repressing the ionisation and so displacing the 
equilibria in favour of free ethyl benzoate, with a consequent 
diminution (8—9%) in the proportion of the m-nitro-isomeride 
formed, is even more marked than it is in the cases of benzaldehyde 
and acetophenone (4—5%), a result fully in agreement with the 
larger common-ion effect of this reagent noted above in connexion 
with the partition experiments. Thus it would appear not only that 
the carbethoxy-group is converted into the oxonium condition in 
sulphuric acid, but also that nitration in this medium occurs largely 
through the carbonium-oxonium kation so formed. 
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In the nitration of ethyl benzoate in absolute nitric acid in the 
presence of nitric anhydride, it has been suggested (Bassett, Chem. 
and Ind., 1931, 137) that the removal, by the anhydride present, of 
water formed during the reaction should prevent any hydrolysis of 
the hypothetical oxonium nitrate, with the result that a similar 
increase in the proportion of m-isomeride should be observed. It 
was also suggested that this result was all the more likely since 
nitric acid is a stronger acid than sulphuric. The last statement, 
however, is presumably based on the values of the dissociation 
constants of the two acids (« = 0-92 and « = 0-58 respectively) in 
aqueous solution. Hantzsch (Ber., 1931, 64, 667), however, has 
suggested that the strength of an acid is determined by its tendency 
towards salt formation, and, on this view, the strongest acids have 
their most marked action as such, and are weakest as their ions in 
dilute aqueous solution, since there they are present exclusively 
as hydroxonium salts. Hence sulphuric acid, although, for this 
reason, a weaker acid than nitric in dilute aqueous solution, is the 
stronger acid under the nitration conditions employed in this 
investigation. Thus, as was previously suggested (Baker and 
Moffitt, loc. cit.), the reaction of the carbonyl group with absolute 
nitric acid probably involves merely the formation of a loose salt-like 
complex, the consequent augmentation of the positive field around 
the carbonyl group causing a relatively small increase (Expts. No. 12 
and 11) in the proportion of m-nitro-compound formed, whereas in 
sulphuric acid actual formation of an oxonium salt occurs, the 
integral positive charge on the kation of which accounts for the much 
larger increase (19%; compare Expts. No. 1 and 11) in m-nitration 
observed under these conditions. 


EXPERIMENTAL. 


Partition Experiments.—These were carried out in a manner similar 
to that previously described in the case of benzaldehyde, except that 
the quantity of ester in the ligroin layer was determined by pipetting 
10 c.c. of this layer into 25 c.c. of 0-5105N-alcoholic potassium 
hydroxide, hydrolysing the ester on a steam-bath for 4 hour, and 
titrating the excess of alkali with 0-5N-sulphuric acid and phenol- 
phthalein. Preliminary experiments showed that the hydrolysis 
was quantitative under these conditions. 

The results are summarised in Table ITI. 

Nitration of Ethyl Benzoate in the Presence of Sulphuric Acid.— 
The ester was added slowly with mechanical stirring to the nitration 
mixture, the temperature being maintained at 5° + 1° for about 
2 hours. After it had attained the ordinary temperature, the 
solution was kept for a further 12 hours and then poured on ice and 
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Tasie III. 


Partition of ethyl benzoate between sulphuric acid and ligroin at the 


ordinary temperature. 
Ligroin = 20¢.c, Sulphuric acid = 5c.c. (NH,),SO, = 2g. 
Data relating to ligroin layer. 
0-5100N-KOH et 


for ester in 

10 c.c. (c.¢.). 
tae Actatinn Ph:CO,Et in Ph-CO,Ft, 

Ph’CO,Et_ (a) (b) 20 c.c. (g.). %. 

100[H,SO, taken Without With _ amp nce, ee 
So ap a) +{[H,07 (g-). Am,SO,. Am,SO,. (a) (6) (a) = (d) 
Approx. 3% freeSO, 12128 0-22 0-51 00337 0-0781 28 64 
do 1—2%,, 11606 0-24 0-72 0-0368 01103 3:2 965 
100-4% 1-2741 0-45 1-21 0-0689 0-1853 5-4 15-5 
90% 12584 0-96 8-06 00-1470 1-2344 11-7 98-1 


an excess of potassium hydrogen carbonate, and the neutral products 
were extracted with ether. The residue from the dried ethereal 
extract was desiccated in a vacuum to constant weight. The yield 
of mononitro-derivatives was over 95% in many cases, but as low as 
70—75% in others; in the latter, however, almost the whole of the 
remaining material was accounted for by acid products. Since no 
trace of nitrous fumes was observed during the nitrations, these acid 
products are probably formed by hydrolysis of the ester rather than 
by oxidation. The tendency towards such hydrolysis seems to 
increase with increasing strength of sulphuric acid, suggesting that 
the initial stage is the addition of the sulphuric acid to the ester, a 
mechanism similar to that suggested by Hantzsch (loc. cit.) for the 
hydrolysis of nitriles to acid amides through the initial formation of 
nitrilium salts. The agreement in the values for the m-content of 
the neutral mononitration product in Expts. No. 7 and 8, 9 and 10, 
however, shows that no preferential hydrolysis of any one isomeride 
oceurs, and therefore the formation of acid products in no way 
impairs the validity of the results obtained in such cases. The 
numerical details, except «snalyses, of nitrations in the presence of 
sulphuric acid are recorded in Table IV. 

Nitration of Ethyl Benzoate in Nitric Acid.—In Expt. No. 11 the 
ester was added slowly with mechanical stirring to nitric acid (d 1-53) 
at — 10° to — 5° during 0-5 hour. The reaction mixture was kept 
at this temperature for a further 0-7 hour and then poured on ice 
and potassium hydrogen carbonate and worked up as recorded above. 
In Expt. No. 12 the essential conditions were the same, except that 
the nitration medium consisted of absolute nitric acid (d 1-53) 
together with a large excess of freshly distilled nitrogen pentoxide 
prepared in the usual manner. The results are in Table IV. 
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TABLE IV. 
Product (g.). 
Nitra- PhrCO,Et HNO, ss 
tion taken (d'5 1-53) H,SO, added» Neu- 
No. (g.). (g-). (g.). Conc. of H,SOQ,. (g-). tral. Acid. 
0 























1 4-231 3 70 5°5% free SO, 3°705 1-414 
2 4222 3 70 55% =» 12 3-939 1-256 
3. 4340 3 60 33% os 0 4788 #— 
4 4657 3 60 33% uy 12 5750 — 
5  —- 2-980 22 46 100-4% 0 2915 0+796 
6 2967 22 45 100-4% 9 3-445 0-302 
7 4133 3 80 90% 0 4265 0-537 
8 3169 3 60 90% 0 3973) — 
9 4-144 3 80 90% 12 4-238 0-433 
10 3-080 3 60 90% 12 3786 — 
*11 3-304 25 o he — > 4133) — 
¢i2 «2020 +N,0, 0): — —* 3803 + 
=25 
* —10° to —5° for 1-2 hrs. t —10° to —15° for 1-75 hrs. 
TABLE V. 
Recovered (g.). 
Composition of acids. 
& B Fy, Mis 
Neutral Acids ot B Ca R-00,H (mols. %). 
roduct —————.  @ gf \¥ R= Nitro- 
Nitra- bhydro- ob- separ- of A isomerides, % 
tion lysed tained ated hd rs NO4OpHy, 

No. (g.) g.). (g.). oO o 3} O,H,;. op. m. op. m. 
1 2241 1-868 0-568 0-014 0-062 1051 87 60 903 68 987 
2 2188 1-791 0-569 0-013 0-152 0-969 34 146 82:0 15-0 85:0 
3 2518 2-180 0592 0006 0074 1139 15 67 918 68 98:2 

0-796 0-009 0-113 1518 16 £77 907 78. 92-2 
4 2790 2368 0640 0-008 0189 1162 17 153 880 155 a 

0-711 0-009 0-201 1-286 18 148 834 150 85-0 
5 2389 1-983 0635 0-014 0-102 1-299 81 “88 886 86 914 
6 2-266 1-941 0-615 0-010 0-191 1-046 2-4 16-7 80-9 17:5 82-5 
7 2434 2046 0-563 0-005 0175 0969 18 168 81-9 169 (83-1 
8 2584 2190 0-704 0008 0-223 1-258 16 17:1 818 17-4, 826 
9 2548 2154 0-608 0-008 0-236 1011 19 205 776 20-9 79-1 

10 2-887 2773 ~—«0-708(5) 0-005 «0-287 1-185. 10 91:3 77-7 . 216 78-4 
11 2-811 2658 0-943 0-008 0-455 1-529 1:2 249 73:9 252 74-8 
12 2866 ©«6-2286 «0-829 0-018-343-2104) 8-7-7449 758 


Determination of the Proportion of Isomerides formed.—A weighed 
portion (2—3 g.) of the neutral mononitration product was hydro- 
lysed by boiling with 50 c.c, of 10% aqueous potassium hydroxide 
for 0-5 hour and the resulting mixed nitrobenzoic acids were analysed 
by the bromination method of Flirscheim and Holmes (J., 1928, 448) 
in the usual manner. The results are in Table V. 


We wish to thank the Government Grant Committee of the Royal 
Society for a grant in aid of this work. 


Tue University, LEEDs. [Received, March 3rd, 1932.] 
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163. The Conversion of \-Phenylmethylcarbinol into 
Dextrorotatory and Levorotatory a-Chloroethylbenzene. 


By Armand Henri JosepnH Hovussa and Henry PHILLIPs. 


By the action of carbonyl] chloride on /-phenylmethylcarbinol in the 
presence of either potassium carbonate or quinoline (1-25 mols.), 
levorotatory «-chloroethylbenzene is obtained, whereas in the 
presence of quinoline (3-0 mols.) the chloride obtained is dextro- 
rotatory : 


CoH tad ee G00, + E00, Bri oC 
CH NH Cm) oH SoH giSeh) CH, \cl 
als’ + 15-28° als’s* —52-4° alg’, —16-20° 


(All observed rotations in 1 dem. tube.) 


These results are similar to those obtained with ethyl /-«-chloro- 
formoxymandelate (Kenyon, Lipscomb, and Phillips, J., 1931, 2275) 
and also with d-§-octyl chloroformate (Houssa and Phillips, this 
vol., p. 108). Phenylmethylcarbinyl chloroformate, the initial 
stage in the interaction of the alcohol with carbonyl chloride, was 
not used in the above experiments, because it is much less stable 
than the other chloroformates, and therefore difficult to isolate free 
from «-chloroethylbenzene. 

In the presence of excess of quinoline (3 mols.) the chloride 
probably arises by the decomposition of an addition compound 
formed between the chloroformate and the quinoline. This addition 
compound would contain the entering chloro-atom as an anion and 
therefore its decomposition would lead to the formation of «-chloro- 
ethylbenzene with inversion. When only one molecular proportion 
of quinoline was used, it was converted into quinoline hydrochloride 
by the hydrogen chloride liberated during the formation of the chloro- 
formate. Under these experimental conditions this ester undergoes 
its usual type of decomposition, during which the optically active 
radical assumes the anionic state, which leads to the production of 
the chloride without inversion (Houssa and Phillips, loc. cit.). 

These contentions are based, to some extent, on the production 
of /-8-octanol and its levorotatory chloride when d-$-octyl p-toluene- 
sulphinate is allowed to react respectively with aqueous solutions of 
hypochlorous acid and chlorine (Houssa, Kenyon, and Phillips, J., 
1929, 1700). This d-sulphinate has the same configuration as 
d-B-octanol and therefore an inversion occurs during its interaction 
with hypochlorous acid. Further, since the chlorine probably 
reacts with the sulphinate in a similar manner to the hypochlorous 
acid, it is assumed that the levorotatory chloride obtained is also 
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produced with inversion. The behaviour of compounds containing 
an «-phenyl group may, however, diverge from that shown by purely 
aliphatic compounds, and for this reason the interaction of /-phenyl- 
methylearbinyl -toluenesulphinate with aqueous solutions of 
chlorine, bromine, and hypochlorous acid has been studied. The 
sulphinate did not react smoothly with these reagents : it was partly 
hydrolysed, and partly oxidised to the unstable sulphonate, and only 
a small proportion was converted into the corresponding halide 
according to the equation : 


3 + X-SO,°C,H 
CH, 2 Me ot CH H ra fe 
a 


3 


The pure chloride and bromide obtained in this manner were very 
slightly dextrorotatory. Although aconsiderable amount of p-toluene- 
sulphony] chloride was obtained by the action of an aqueous solution 
of hypochlorous acid on the /-sulphinate, very little phenylmethy]- 
carbinol was produced. Apparently the reaction which might have 
given rise to the alcohol led to the formation of styrene. A small 
quantity of «-chloroethylbenzene with a low dextrorotation was 
isolated from this reaction : it was probably produced by the inter- 
action of the /-sulphinate with the chloride present in the solution of 
hypochlorous acid used. The reaction between the dl-sulphinate 
and iodine monochloride proceeded more smoothly, the main pro- 
ducts being p-toluenesulphonyl iodide and «-chloroethylbenzene. 
It can be concluded that, with halogens, /-phenylmethylcarbinyl 
p-toluenesulphinate, like d--octyl p-toluenesulphinate, gives rise to 
halides with a change in sign of rotation. Since, however, phenyl- 
methylcarbinol was not produced by the action of hypochlorous acid 
on the corresponding sulphinic ester, it was not possible to obtain 
evidence that the change in sign of rotation observed when the 
halides are produced is caused by the occurrence of an inversion 
reaction. The considerable loss of rotatory power which takes place 
when these halides aré formed can be contrasted with the much 
smaller loss which occurred when £-chloro-octane was obtained in a 
similar manner from d-8-octyl p-toluenesulphinate (Houssa, Kenyon, 
and Phillips, loc. cit.). It is doubltess to be attributed to the 
presence of the phenyl group, since a similar loss of rotatory power 
has been observed in numerous displacement reactions of compounds 
containing an «-phenyl group by McKenzie and his co-workers. 





EXPERIMENTAL, 
The Conversion of 1-Phenylmethylcarbinol into Levorotatory 
a-Chloroethylbenzene by Means of Carbonyl Chloride.—(a) In the 
presence of quinoline (1-25 mols.). After quinoline (8-2 g.) had been 
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added to an ice-cold solution of carbonyl chloride (1-25 mols.) in 
toluene (50 g., 12-5% solution), /-phenylmethylearbinol (Houssa and 
Kenyon, J., 1930, 2260: 6-1 g., ai§3" — 13-1°, 1 = 0-25) was added 
from time to time in small quantities. The reaction mixture, after 
being kept for 3 hours, was heated on a steam-bath for 1 hour and 
then washed with water, dilute hydrochloric acid, and finally with 
water. The toluene (dried with sodium sulphate) was removed by 
distillation, and the residual levorotatory «-chloroethylbenzene, 
b. p. 70°/13 mm., repeatedly distilled until the refractive index 
remained unaltered (Found: Cl, 25-3. Calc., 252%). It (2-2 g.) 
then had n?” 1:5280 and «!%;, — 4-05° (1 = 0-25). 

(b) In the presence of potassium carbonate. 1 -+- dl-Phenylmethyl- 
carbinol (10 g.; «3f;, — 15-58°, 1 = 0-5) was added slowly to a 
solution of carbonyl chloride (1-3 mols.) in toluene (90 g., 12-5% 
solution) containing potassium carbonate (11-5 g.; 2 mols.). When 
the evolution of carbon dioxide had ceased, the solution was filtered 
and distilled. After removal of the toluene, the residue was 
separated into two fractions, both of which consisted of levorotatory 
«-chloroethylbenzene contaminated with / +- dl-phenylmethylearbiny] 
chloroformate. Fraction I, b. p. 71—76°/15 mm, (Found: Ci, 
20-5%), had n#* 1-5253 and a2;, — 11-29° (J = 0-25), whilst fraction 
IT, b. p. 80—95°/15 mm. (Found: Cl, 22:7%), had nf" 1-5257 and 
ais, — 614° (J = 0-25). This experiment was repeated with larger 
quantities of the dl-alcohol and it was found that the chloroformate 
(Found : Cl, 13-2. C,H,O,Cl requires Cl, 13-8°%) was slowly converted 
into «-chloroethylbenzene when distilled at 80—90°/13 mm. 

The Conversion of 1-Phenylmethylcarbinol into Dextrorotatory 
a-~Chloroethylbenzene.—(c) By the action of quinoline (3 mols.) on 
|-phenylmethylcarbinyl chloroformate. 1-Phenylmethylcarbinol (6:1 g. ; 
1 mol.) was added to a toluene solution of carbonyl! chloride (1 mol.) 
and quinoline (3 mols.), and the «-chloroethylbenzene was isolated as 
described in (a). After repeated distillation, the dextrorotatory 
«-chloroethylbenzene (2 g.) (Found : Cl, 24-9%) had b. p. 68—69°/11 
mm., n®?™ 1-5288, and al, + 3-82° (I = 0-25). 

(d) By the action of an aqueous solution of hypochlorous acid on 
1-phenylmethylcarbinyl p-toluenesulphinate. 1-Phenylmethylcarbiny] 
p-toluenesulphinate (26 g., prepared by the method of Kenyon and 
Phillips, J., 1930, 1681, from J-alcohol with «2;, — 12-72°, 1 = 0-25) 
was shaken with 135 c.c. of a 4-015% solution of hypochlorous acid 
(“‘ Organic Syntheses,” V, 31) and kept at 0° for 12 hours. The white 
solid which had separated was removed, washed with ice-cold light 
petroleum, and recrystallised from this solvent. It then had m. p. 
69°, alone and when mixed with p-toluenesulphony! chloride. The 
filtrate from the white crystals was extracted with the light petroleum 
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with which the crystals had been washed, and the extract was washed 
with dilute sodium hydroxide solution and water, dried, and distilled. 
After removal of the solvent, two fractions were obtained : fraction 
I, (3 g.), b. p. 42—46°/17 mm., which consisted mainly of styrene ; 
fraction II, b. p. 79—80°/18 mm., which consisted of impure 
a-chloroethylbenzene. When purified by repeated distillation, 
fraction II gave «-chloroethylbenzene (1 g.), b. p, 74—-76°/16 mm., 
n'” 1-5335, and aif, + 0-90° (1 = 0-5). On cooling, the non-volatile 
residue which remained after these fractions had distilled set to a 
semi-solid mass, but it could not be induced to yield a pure product. 

(e) By the action of chlorine water on 1-phenylmethylcarbinyl 
p-toluenesulphinate. The experiment was conducted in a similar 
manner to (d), with a solution of chlorine (7-1 g.) in water (1450 ¢.c.). 
p-Toluenesulphonyl chloride was again obtained, but the volatile 
product contained far less styrene. It (3-7 g.) consisted almost 
entirely of «-chloroethylbenzene contaminated with levorotatory 
alcohol produced by the hydrolysis of the l-sulphinate. Its rotatory 
powers after three successive distillations were severally — 0-21° 
— 0-15°, and — 0-10° (1 = 0-25). The chlorine content was still low 
(Found : Cl, 23-3%), but the product could not be redistilled owing 
to its small volume. A non-volatile residue similar to that obtained 
in (d) remained unidentified. 

The Action of Iodine Monochloride on dl-Phenylmethylcarbinyl 
p-Toluenesulphinate—The dl-sulphinate (19 g.) was shaken with a 
solution of iodine monochloride (12-8 g.) in water (250 c.c.) prepared 
by the method of Orton (J., 1900, 77, 830). The products, isolated 
as described in (d), consisted of p-toluenesulphonyl iodide, m. p. 
and mixed m. p. 86°, and «-chloroethylbenzene, b. p. '72—73°/14— 
15 mm. and n#* 1-5250. 

The Conversion of 1 + dl-Phenylmethylcearbinyl p-Toluenesulphinate 
into Dextrorotatory «-Bromoethylbenzene.—The 1 + dl-sulphinate 
(26 g., prepared from J + dl-alcohol with a3, — 5-28°, 1 = 0-25) 
was treated with a solution of bromine (16-9 g.) in water (500 c.c.). 
The products isolated as described in (d) consisted of p-toluene- 
sulphonyl bromide (14 g.), m. p. and mixed m. p. 97°, a very small 
quantity of styrene, b. p. 70—80°/23 mm., and «a-bromoethylbenzene 
(Found: Br, 43-3. Cale., 43-2%), b. p. 86—88°/15—16 mm., 
n®® 1/5595, and oi, +- 0-10° (2 = 0-25). 


The authors wish to thank the Government Grant Committee of 
the Royal Society and Imperial Chemical Industries Ltd. for grants 
which have defrayed much of the cost of this investigation. 
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164. The Nitration of O-Benzylvanillin. 


By PaRAMESWAR VELAYUDHAN Nair and ROBERT 
RoBINsoN. 


6-Nitrovanillin (II), required for synthetic work, has now been 
prepared. Into O-benzylvanillin, under all the conditions of 
nitration tried, two nitro-groups were introduced, the main product 
being O-p-nitrobenzyl-6-nitrovanillin (I), accompanied by the 
isomeric o-nitrobenzyl ether in smaller relative amount. These 
substances were also obtained by the nitration of vanillin p-nitro- 
benzyl and o-nitrobenzyl ethers, respectively. 

The position of the nitro-group in the catechol nucleus of (I) was 
determined by oxidation of the aldehyde to a carboxylic acid which, 
on nitration, furnished the p-nitrobenzyl ether of 4 : 5-dinitro- 
guaiacol, from which, by hydrolysis and methylation, the character- 
istic 4:5,dinitroveratrole was derived. 6-Nitrovanillin was 
obtained by the hydrolysis of (I) and yielded the known 6-nitro- 
veratraldehyde on methylation. 


2 OB EOE « 


The products of the nitration of benzylvanillin are all aldehydic 
in character and replacement of the formyl group, which occurs in 
the nitration of piperonal and veratraldehyde, does not appear to 
take place. We conclude from this that the nitrating agent first 
attacks the benzyl group, the directive power of which is thus 
greatly weakened in comparison with methoxyl (compare Oxford 
and Robinson, J., 1926, 383). 


EXPERIMENTAL. 

O-p-Nitrobenzylvanillin.—A mixture of vanillin (4-6 g.), p-nitro- 
benzyl chloride (5-1 g.), potassium carbonate (1-5 g.), and acetone 
(60 c.c.) was refluxed for 7—8 hours and then added to water. The 
product (6-3 g.) crystallised from alcohol in colourless needles, m. p. 
124° (Found: C, 62-5; H, 45; N, 5-0. C,;H,,0;N requires 
C, 62:7; H, 46; N, 49%). It is readily soluble in cold acetone 
and ethyl acetate and in hot ethyl alcohol. 

The o-nitrobenzyl ether, prepared in a similar manner (yield, 
almost theoretical), crystallised from alcohol in colourless needles, 
m. p. 128—130° (Found : C, 62-4; H, 4-5; N, 50%). Hydrolysis 
with hot concentrated hydrochloric acid furnished vanillin and 
o-nitrobenzyl chloride. 
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O-p-Nitrobenzyl-6-nitrovanillin (1).—Powdered O-benzylvanillin 
(25 g.) was gradually added to nitric acid (120 c.c. ; d 1-46), mechanic- 
ally stirred at 0°. After 1 hour the whole was added to ice, and the 
solid product crystallised 10 times from ethyl acetate (mother- 
liquor, M), giving pale yellow, slender needles (21 g.), m. p. 212— 
214° (Found: C, 54:3; H, 3:7; N, 85. C,;H,,0,N, requires 
C, 54-2; H, 3-6; N, 84%). This substance is very sparingly 
soluble in alcohol, chloroform and ether and somewhat readily 
soluble in acetone and pyridine and in hot ethyl acetate, acetic acid, 
and benzene. Like many other o-nitrobenzaldehydes, it becomes 
deep yellow when exposed to light. It does not yield smoothly a 
substituted indigotin by the Baeyer-Drewsen method (compare 
Pisovschi, Ber., 1910, 43, 2139, for the similar behaviour of 6-nitro- 
veratraldehyde). 

The phenylhydrazone crystallised from acetic acid or aqueous 
alcohol in brick-red needles, m. p. 208° (Found: N, 13-4. 
C.,;H,,0,N, requires N, 13-3%), the oxime from alcohol in pale 
yellow needles, m. p. 158—160° (Found: N, 11-9. C,;H,,0,N; 
requires N, 12-1%), and the phenylimine (obtained by heating the 
aldehyde with twice its weight of aniline on the steam-bath for 
20 minutes) from alcohol in yellow prisms, m. p. 192—193° (Found : 
N, 10-4. C,,H,,0,N, requires N, 10:3%), becoming deep orange 
on exposure to light. 

O-p-Nitrobenzyl-6-nitrovanillin was also prepared by nitration 
of O-p-nitrobenzylvanillin under conditions similar to those described 
above; crystallised from ethyl acetate, it had m. p. 212—213° and, 
mixed with the specimen from O-benzylvanillin, 213°. 

6-Nitrovanillin (II).—A mixture of pure O-p-nitrobenzyl-6-nitro- 
vanillin (10 g.) and concentrated sulphuric acid (80 c.c.) was kept at 
50° for 30 minutes and then at 50—60° for 24 hours. The cooled 
viscous liquid was added to ice, and the brownish-red solid crystal- 
lised alternately from water and from alcohol (animal charcoal), 
pale yellow needles (2-2 g.), m. p. 207°, being ultimately isolated 
(Found: C, 48-6; H, 36; N, 7-2. C,H,O;N requires C, 48-7; 
H, 3-5; N,7-1%). Exposed to light, this substance rapidly becomes 
deep yellow; it is moderately readily soluble in hot water and most 
organic solvents and in aqueous sodium carbonate to a reddish- 
yellow solution. 

The phenylhydrazone crystallised from benzene in dark red needles, 
m. p. 198° (Found : N, 148. C,,H,,0,N; requires N, 14-6%). 

On methylation by means of aqueous potassium hydroxide and 
methyl sulphate, the nitrovanillin yielded its own weight of 6-nitro- 
veratraldehyde, yellow needles from boiling water, m. p. 132°, alone 
or mixed with an authentic specimen. 
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O-p-Nitrobenzyl-6-mitrovanillic Acid.—A hot aqueous solution of 
potassium permanganate (120 c.c. of 10%) was gradually added to 
a' vigorously stirred, boiling solution of O-p-nitrobenzyl-6-nitro- 
vanillin (10 g.) in acetone (700 c.c.). After 1 hour, water (100 c.c.) 
was added, the acetone removed by distillation of the filtered 
solution, and the aqueous solution separated from the unchanged 
material which was deposited at this stage. The acid, obtained as a 
voluminous white precipitate on acidification, crystallised from 
aqueous acetone or aqueous alcohol in slender needles (9-5 g.), m. p. 
208° (Found: ©, 51:5; H, 3:5; N, 81. C,;H,,.O,N, requires 
C, 51:7; H, 3-5; N, 8-1%). 

O-p-Nitrobenzyl-4 : 5-dinitroguaiacol, produced by boiling the 
foregoing acid (3 g.) with nitric acid (20 c.c.; d 1-42) for 20 minutes, 
crystallised from toluene in pale yellow prisms (2-5 g.), m. p. 178— 
180° (Found: C, 47-9; H, 3:2; N, 11-9. C,,H,,O,N, requires 
C, 48-1; H, 3-2; N, 12-0%), readily soluble in acetone, pyridine, and 
carbon disulphide and sparingly soluble in alcohol, benzene, acetic 
acid, and ethy] acetate. 

Hydrolysis was effected by refluxing 3 g. for 2 hours with acetic 
acid (15 c.c.) and hydrobromic acid (15 c.c. of 50%). The phenolic 
product was then methylated by means of aqueous . potassium 
hydroxide and methyl sulphate in excess and the neutral material 
was isolated ; after crystallisation it had m. p. 130-5°, alone or mixed 
with authentic 4 ; 5-dinitroveratrole. 

O-0-Nitrobenzyl-6-nitrovanillin.—The ethyl acetate mother-liquors 
(M) were concentrated and a pale yellow substance was precipitated 
by addition of light petroleum. This material was crystallised from 
alcohol and thus separated from the p-isomeride, which is not 
appreciably soluble in this solvent, even when boiling. After 10 
cerystallisations the o-nitrobenzyl ether was obtained pure (7-0 g.) in 
pale yellow plates, m. p. 174—176° (Found: C, 53:8; H, 3-7; 
N, 8-5. C,,H,,0,N, requires C, 54-2; H, 3-6; N, 8-4%). 

The hydrolysis of this substance, under conditions similar to those 
employed for the p-isomeride, afforded 6-nitrovanillin. 

The product of nitration of O-o-nitrobenzylvanillin by means of 
cold nitric acid (d 1:46) had m. p. 174—175° (mixed m. p. 175°), and 

this fact demonstrates not only the constitution of the substance but 
also the completeness of the separation of the isomerides by fractional 
crystallisation. 

The phenylhydrazone crystallised from acetic acid or aqueous 
alcohol in dark red needles, m. p. 190—192° (Found: N, 13:2. 
Cy,H,,0,N, requires N, 13-39%), the omime from alcohol in pale 
yellow needles, m. p. 142—144° (Found: N, 12-0. C,;H,,0,N; 
requires N, 12-1%), and the phenylimine from alcohol in yellow 
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needles, m. p. 188—140° (Found: N, 10-4. C,,H,,0,N, requires 
N, 103%), becoming orange on exposure to light. 

O-0-Nitrobenzyl-6-nitrovanillic Acid.—The oxidation of o-nitro- 
benzyl-6-nitrovanillin was carried out like that of the p-nitrobetizyl 
ether and gave equally satisfactory results. The product crystallised 
from hot water or from aqueous acetone in colourless needles, m. p. 
201—202° (Found: C, 51-5; H, 3-4; N, 8-0. C,,H,.O,N, requires 
CO, 51'7; H, 3-5; N, 81%). The acid is more readily soluble in hot 
water than the p-isomeride, but resembles it in other respects. 
When it was boiled with nitric acid, and the product hydrolysed and 
methylated, 4 : 5-dinitroveratrole was obtained. 


Dyson Prerrins LABORATORY, 
UNIVERSITY oF Ox¥FORD. [Received, February 17th, 1932.] 








165. Sirychnine and Brucine. Part XIX. Reduction 
of Strychnine Methosulphate by Means of Sodium 
Amalgam in the Presence of Carbon Dioxide. 


By (the late) Wm11amM Henry PERKIN, jun., Ropert Rosinson, 
and JoHN CHARLES SMITH. 


Tux attempt to apply the method of exhaustive methylation to the 
problem of the degradation of strychnine and strychnidine deriv- 
atives has not met with unqualified success because, although one 
of the rings may be readily broken, there is a remarkably strong 
tendency for the system to be reconstituted at:a later stage. Thus 
methylstrychninium and methylstrychnidinium salts are converted 
by alcoholic potash into methoxydihydroneostrychnine and methoxy- 
dihydroneostrychnidine, respectively, and the action of hot dilute 
acids on these bases affords the methylneostrychninium and methyl- 
neostrychnidinium salts in which the original structure recurs. 

In order to avoid this difficulty we have had recourse to Emde’s 
method of degradation of quaternary ammonium salts (Annalen, 
1912, 391, 88) by reduction with sodium amalgam in neutral, acid, 
ot weakly alkaline solution. One of us has already employed this 
device in the investigation of cryptopine and protopine with gratify- 
ing results (J., 1916, 109, 815; 1919, 145, 713) and a preliminary 
study of its applicability in the case of the Strychnos bases has been 
male. The present communication deals with some methyl- 
strychnine derivatives and later we hope to submit the results of a 
pardlel investigation in the methylstrychnidine series. The first 
imprtant point to be noticed is that strychnine methosulphate 
give a gummy base; dihydrostrychnine methosulphate appears to be 
unclanged by the reducing agent (compare Part VI, J., 1927, 2395), 











a ad aca See 


<0 oie == 
ES ae ee 


1240 PERKIN, ROBINSON, AND SMITH : 


We are greatly indebted to Mr. G. Davies, M.Sc., for carefully 
confirming these facts in regard to the behaviour of methyldihydro- 
strychnine. 

This is strongly in favour of the view, frequently advanced and 
advocated in this series of papers, that strychnine contains the group 
C:C-C-N(b), the ethenoid link represented being saturated in the 
formation of dihydrostrychnine. Bases of allylamine type, when 
converted into quaternary ammonium salts, are readily attacked by 
sodium amalgam, often in cases such that the related saturated 
salts are quite stable under the same conditions of experiment. 
Thus benzyltrimethylammonium chloride furnishes toluene, and 
not methane, on reduction; phenyldimethylallylammonium chloride 
gives propylene and dimethylaniline, whereas phenyldimethy]l- 
8-hydroxyethylammonium chloride yields benzene and hydroxy- 
ethyldimethylamine (Emmert, Ber., 1912, 45, 430) and there are 
many other instances that could be cited. 

The product of the reduction is an amorphous base, C,.H,,0,N,, 
which is essentially a methyltetrahydrostrychnine and possibly a 
mixture of stereoisomerides. The crude material contains certain 
crystalline by-products, the examination of which is not complete. 

Clues to the nature of the main product are that it contains NMe 
and that on distillation it loses water with formation of a substance, 
CygH,,ON,, again an amorphous base, mixed with crystalline by- 
products. Furthermore, all these substances—main products or 
by-products—exhibit the strychnine-type of colour reactions and 
therefore the original group N(a)*CO remains unchanged throughout. 

The oxygen lost on distillation of C,,H,,0,N, is accordingly that 
present in the cyclic ether group of the alkaloid. Electrolytic 
reduction of C,,H,,0,N, gives a base, C..H,,ON,, which is not 
decomposed on distillation. This contrast would be inexplicable 
if the cyclic ether oxygen, when transformed into a hydroxyl group. 
did not remain in its original position relative to N(a)-CO. 

If the group (I) were reduced to (II), the stability of the electro 
lytically reduced base [which shows strychnidine-type reactions ani 
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must contain N(a)*CH,] would be inexplicable, but the produciion 
of (III) would afford a ready explanation of the phenomenon. In 
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this case the loss of water suffered by C,.H,,0,N, on distillation is 
the result of the occurrence of the hydroxyl group in the @-position 
to carbonyl; clearly the base C,,H,,ON, no longer exhibits this 
constitutional feature. The main product, C,,.H,,0,N,, is probably 
derived from the methylstrychninium salt by fission of the quaternary 
ammonium and cyclic ether structures and on the basis of the 
formula advanced in Part. XVIII (this vol., p. 780) it would be 
eae in the thier Sy manner : 





“ta. Ti}s0, Me | Be, ar : 
oY yn y 
CH pu-6 % OR ¥ ‘CMe!CHMe 
N H S 
do in ye na i -OH 
\ ft, anne, ‘Ve 


2 

In oonfammity with this view the product ©,,H,,0,N, absorbs 
hydrogen in the presence of palladium and on distillation of the 
reduced base water is eliminated and the product will absorb more 
hydrogen in the presence of the catalyst. 

The crude material obtained by distillation of C,,H,,0,N, has 
approximately the composition C,,H,,ON, and the individual 
substances that have been separated from this are all tertiary bases 
containing NMe and N(a)-CO. 

One of these, m. p. 200—201°, has the formula C,,H,,ON, and, as 
required by the theory, may be catalytically reduced’ to a base 
Cy.H,,ON, and with greater difficulty to C.,H3,ON,. 

It appears that the original ethylenic linkage of strychnine might 
retain its original position or move to that occupied in neostrychnine, 
whilst the new ethylenic bond produced by dehydration of the 
alcohol, C,,H,,0,N,, might also occupy one of at least two positions. 
Consequently (on the basis of the strychnine formula already quoted) 
there are at least four possible formule for the substance C,,.H,,ON,. 
Two are represented below, and the other two can be derived by 
combining the double bond positions in the other two possible ways. 
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We have no information bearing on the problem of the order of 
saturation of the ethenoid groups in the process of catalytic 
hydrogenation. 

A second pure constituent of the crude distilled C,,H,,0,N, is a 
base C,,H,,ON,, m. p. 172°. This substance contains NMe, and 
therefore a carbon atom of the strychnine skeleton has been extruded 
and as this carbon is eliminated together with an oxygen atom we 
conclude that some simple molecule such as carbon monoxide or 
formaldehyde has been formed in the decomposition. The following 
scheme represents our present view of the nature of the process; 
we start with the assumption that the crude C,,H,,0,N, contains 
some C,.H,,O,N, : 


"tu, MS iB: ines 
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In agreement with this suggestion the new base, desmethylene- 
anhydrotetrahydromethylstrychnine, is catalytically reduced to a 
dihydro-derivative and then absorbs more hydrogen. The analytical 
results:for the tetrahydro-derivative were not, however, so sharp as 
could be desired. 

Again the group N(a)*CO was diagnosed by the method of electro- 
lytic reduction, the product being a base C,,H,,N,. This shows the 
behaviour of a strychnidine analogue and it will be noticed that one 
of the double bonds has been reduced in addition to the lactam 
grouping. The formula given above is obviously only one of several 
isomeric possibilities depending on the position of the double bonds. 

A third erystalline substance isolated from the distillation product 
of Cy.H,,0,N, is a well-defined base, m. p. 218°, with previous 
softening. It has the composition C,.H,,ON, or C,,H,,ON, and has 
not yet been completely investigated. It contains NMe and 
N(a)*CO and does not give a benzylidene, acetyl or nitroso-derivative. 

When all crystalline products have been separated from the bases 
obtained by distilling crude C,,H,,0,N,, there remains a gummy 
base, C,.H,,ON,, which gives a methiodide and an especially charac- 
teristic methochloride. The action of hot aqueous potassium 
hydroxide on this appears to bring about the formation of a methine, 
C.3H,,ON,. In this base three of the seven rings of strychnine are 
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broken, and if it were more readily accessible further investigation 
would be of much interest. 


EXPERIMENTAL, 


Strychnine Methosulphate—tIn methyl-alcoholic solution the 
components invariably yielded a relatively large proportion of 
strychnine methyl hydrogen sulphate, but when finely powdered 
strychnine (200 g.) was ground with freshly distilled methyl sulphate 
(136 c.c.) the mass soon solidified ; it was broken up, and employed 
for the reduction after some 12 hours. 

Reduction of Strychnine Methosulphate with Sodium Amalgam.— 
The methosulphate (from 200 g. of strychnine) was dissolved in 
boiling water (1800 c.c.) in a large dish, sodium amalgam (1000 g. 
of 3%) added, and the liquid stirred by a rapid stream of carbon 
dioxide; a grey oil soon separated. After } hour, a further equal 
quantity of sodium amalgam was added, and stirring continued until 
no more oil was produced. The oil hardened on cooling and was 
then collected, ground, washed with water, dried in the air, and 
dissolved in alcohol-free ether. The extract was dried with potassium 
carbonate, concentrated to about 350 c.c., and kept in the ice-chest ; 
a small crystalline crust (A) was then deposited. The clear solution 
was evaporated, leaving a golden-yellow syrup (80 g.). In various 
experiments the yield was approximately 50%. This product is 
designated K (Found: C, 75-4, 75-3; H, 7-3, 7-4; N, 8-0, 7-9. 
Cy.H,,0,N, requires C, 75-4; H, 7-4; N,8-0. C,..H,,0,N, requires 
C, 75-0; H, 7-9; N, 7-9%). The constituent, C,,H,,O,N>, is 
termed tetrahydromethylstrychnine-K. 

The investigation was resumed after some years and the method 
then adopted was as follows. | 

Strychnine methosulphate was prepared from the base (20 g.) 
and methyl sulphate (2 mols.) in boiling benzene solution (ca. 1000 
c.c.); the product, crystallised from methyl alcohol, was ‘free from 
strychnine salts : even the crude substance had m. p. 280° (lit., 282°). 

A solution of the methosulphate (100 g.) in water (700 c.c.) was 
heated to 90° and stirred by means of a rapid current of carbon 
dioxide. Sodium amalgam (300 g. of 49%) was added and, as before, 
a grey semi-solid product rose to the surface; this was immediately 
removed. At intervals of 15 minutes two further equal quantities 
of the amalgam were introduced. The product was washed, dis- 
solved in dilute hydrochloric acid (1000 c.c.), and the solution 
repeatedly filtered until clear; it was then diluted with water and 
crushed ice (1000 g.) and basified with dilute aqueous ammonia. 
After being washed, and dried over calcium chloride, the light 
yellow powder (35—45 g.) had m. p. 65—150° and was easily soluble 
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in the usual organic solvents except light petroleum (Found; 
C, 75-1; H, 7-9%). 

The evidence from numerous analyses of K is that it consists 
essentially of one or more substances C,,H,,0,N,, possibly mixed 
with some C,,H,,0,N, or other substances in smaller relative 
amount. The colour developed on the addition of dichromate to a 
solution of K in 50% sulphuric acid is intense purple and the material 
exhibits no reactions of the strychnidine type. It is slowly oxidised 
by permanganate in acetone solution. 

The dried powder (20 g.), dissolved in acetic acid (20 c.c.) and 
water (250 c.c.), absorbed 1250 c.c. of hydrogen in 18 hours at 12° 
in the presence of palladium (from 3 g. of palladous chloride) and 
chareoal (15 g.). Theoretically, 20 g. of a substance C,.H,,0,N, 
require 1274 c.c, of hydrogen for the saturation of one double bond. 
The, product, like K, was amorphous and, on distillation under 1 mm., 
decomposition did not set in until the temperature reached 320°. 
At, 365° frothing occurred and the whole product (12-1 g.) was then 
found to absorb 540 c.c. of hydrogen in the presence of palladised 
charcoal (theory, 830 c.c.). We conclude from this experiment that 
when hydrogenated K is distilled, the product is unsaturated, and 
it will be noted that the decomposition by distillation was incom- 
plete, a circumstance accounting for the fact that only two-thirds 
of the required volume of hydrogen was absorbed. 

Examination of the Crystalline Crust (A).—Some specimens of K 
were worked up with the obiect of increasing the yield of the crystals, 
the ether being more carefully dried, the solution concentrated until 
a nearly 30% solution of bases was obtained, and the liquid kept at 
— 6° for several days. The crystals separated in circular warty 
aggregates and the liquid was often filled with soft colourless needles 
(m. p. 168—175°). This material (25 g.) was crystallised from ether, 
in which it, was very sparingly soluble, and then from methy] alcohol. 
The melting point was thus raised to 177—180°, 193° with previous 
softening, and. ultimately to 200° (K!) (Found: C, 78-5; H, 7-7; 

N, 8:3%). 

A second portion of the solid (A) (30 g.) was powdered and 
extracted with boiling ether, leaving an extremely sparingly soluble 
residue of flakes containing inorganic contamination. The solution 
on concentration gave successive crops: (a) needles (2 g.), m. p. 
about 275°, (b) prismatic needles (2 g.), m. p. 287°, (c) needles (3 g.), 
m, p. 270—-275°, (d) soft needles (5 g.), m. p. 177—-185°. The 
last fraction, was recrystallised from methyl alcohol and its m. p. 
was, raised to 198—200° (evidently K'). The fraction (a) was 
recrystallised from much methyl alcohol and obtained as a crystalline 
crust, m. p. 290°, identical in all respects with strychnine. This was 
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confirmed by the preparation of the methiodide, pale amber needles 
(Found: C, 55:3; H, 5-3. Cale. for C,.H;,0,N,I: OC, 55-4; H, 
5-2%), which was directly compared with an authentic specimen. 
It was not certain that the strychnine isolated in this way was a real 
product of the reduction, and special experiments were therefore 
made in which the strychnine methosulphate solution was carefully 
freed from any strychnine by rendering it alkaline, keeping it in the ; 
ice-chest, and filtering it from traces of the base that might be 
deposited. In this case the most sparingly soluble constituent of the 
crust (A) was obtained as a colourless crust, deposited from methyl 
alcohol; after several recrystallisations this had m. p. 277° (K?) j 
(Found : C, 75-1; H, 6-7. C,,H,,0,N, requires C, 75-4; H, 66%). j 
A second substance separated in needles after the separation of K? f 
without further concentration: It had m. p. 267° (K%) (Found : 
C, 73-1; H, 72%). K*? and K® are apparently not identical. with ‘ 
each other or with strychnine, but further investigation of these | 
substances is necessary. A large number of fractions, m. p. above ; 
200°, having accumulated, they were all combined (30 g:) and 
fractionally crystallised from ethyl alcohol. Crop I, m. p. ‘268° 
(5g.), was unfortunately lost. Crop II was a crust of gritty prismatic 
needles, m. p. 232—245° (ca. 12 g.) (Found: OC, 73-8; H, 66%). 
Crop III, m. p. 232—245° (6 g.), and IV, m. p. 230—240° (2 g.), were 
also needles (Found: C, 73-9; H, 6-9%), whereas V, obtained by 
slow evaporation in the air, was a hard crust (5-5 g.). 

Crop III furnished a methiodide which crystallised from methyl 
alcohol in prismatic needles, m. p. 295—297° (decomp.) (Found: 
C, 57-0; H, 5-7%). It is probable that these fractions consisted of 
mixtures of K?, K3, strychnine, and perhaps other substances. 

The more readily soluble constituent (K1) of the crust (A) did not 
readily combine with methyl iodide in boiling methyl-alcoholic 
solution and could thus be purified. A specimen of the fraction, 
m. p. 175—180° (15 g.), was mixed with methyl iodide (30 c.c.) and 
methyl alcohol (100 c.c.) and the solution refluxed for } hour. After 
distillation of methyl iodide and a part of the methyl alcohol, the 
cooled solution deposited crystals, m. p. 190—195° (7 g.). Reerystal- 
lisation gave needles, m. p. 198—200°, identical with K!. The 
methiodide (K*, MeI) in the methyl-alcoholic mother-liquor was 
obtained from the first and last of five fractions (the intermediate 
fractions had much lower melting points) and after recrystallisation 
from methyl alcohol was obtained in brilliant colourless prisms, 
which became pink at 210° and frothed vigorously at 235—237° 
(Found : C, 56-7; H, 61%). 

It must he emphasised that the above constituents of K are only 
by-products which it has been possible to examine owing to the very 
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large scale of our operations. The main product is the uncrystal- 
lisable gum, essentially C,.H,,0.No. 


Electrolytic Reduction of K.—The gum (80 g.), dissolved in 20% 


sulphuric acid (700 c.c.), was reduced for 20 hours at 18° by a current 
of 45 amps. The product was isolated by means of ether from a 
strongly alkaline solution, and the crude syrup (66 g.) distilled in a 
high vacuum, b, p. 240—243°/1 mm. on a second fractionation 
(Found: C, 78-4, 78:3; H, 8-9, 8-8. C.,H,,ON, requires C, 78-1; 
H, 8-9%). This substance gives strychnidine-type reactions: for 
example, an intense crimson on the addition of a bichromate to its 
solution in 50% sulphuric acid. It evidently bears the relation to 
the main constituent of K that strychnidine does to strychnine. 
The substance may be designated tetrahydromethylstrychnidine-K. 
It does not readily yield a crystalline methiodide, but it is a strong 
base. Qualitatively the presence of a hydroxyl group was proved 
by treatment with a large excess of benzoyl chloride. The resulting 
deep green oil was treated with dilute hydrochloric acid and the 
mixture repeatedly washed with ether; the oil was then recovered 
from the aqueous solution and on hydrolysis with aqueous potassium 
hydroxide it afforded a considerable relative amount of benzoic acid. 

Distillation of K.—This process has been frequently carried out 
and a number of different products of the reaction have been isolated. 
The experiment leading to the separation of the two bases which 
have been most carefully characterised was as follows : 

Crude K (50 g.) was heated under 1 mm. pressure with a small 
flame for $ hour ; effervescence then occurred and steam was evolved. 
The oil was thereafter distilled rapidly until frothing set in, heating 
with a small flame then being resumed for 15 minutes. These 
periods of distillation and heating for decomposition were alternated 
until the whole had been distilled. It is necessary to arrange the 
apparatus in such a way that a volatile sublimate does not choke 
the side tubes; therefore these were wide, and not more than 3 
inches long, and the side tube of the receiving flask was fitted into a 
tower containing spun glass. The distillate, a pale brown resin, 
was twice redistilled; b. p. 245°/0-3 mm., remarkably constant 
(Found: C, 79-5; H, 8-0. C,.H,,ON, requires C, 79-0; H, 7:8%). 
When the resin from 5 such operations (190 g.) was ground with 
light petroleum (b. p. 60—80°), much dissolved and a considerable 
amount of crystalline material separated; the liquid was boiled 
until all the resin had disappeared and was then filtered hot, and the 
residue washed with light petroleum. This material (35 g.) had 
m. p. 155—165°. The light petroleum mother-liquor was again 
distilled, finally at 1 mm., and the recovered resin (105 g.) again 
treated with light petroleum (yield of solid, 15 g.). Again the 
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mother-liquor was distilled (resin, 75 g.) and the product now 
afforded a solid (10 g.) and a distilled resin (55 g.), which was con- 
verted into a well-crystallised methiodide (K®,MeI; see below). 
The solid bases crystallised from methyl alcohol in needles and short 
thick prisms (the latter, separated mechanically, had m. p. 198— 
200°), and this mixture was separated by means of ether, in which 
the prisms (Y) were almost insoluble. The ethereal solution after 
concentration deposited a voluminous mass of soft needles, m. p. 
158—162°; on recrystallisation from alcohol the m. p. was raised to 
168—169°. This apparently homogeneous product is still a mixture 
and although a rough separation can be effected by means of ether, 
the process is wasteful. 

A better method depends on fractional basification of an acid 
solution with ammonia. The mixed bases (2-0 g., m. p. 164—166°) 
were dissolved in the minimum of dilute hydrochloric acid, and the 
solution was diluted to 150 c.c., heated to boiling, and vigorously 
stirred. N/10-Ammonia solution was then gradually added drop 
by drop until a crystalline precipitate was obtained. The base was 
so divided into fractions (a) 0-15 g., m. p. 184—195°, (b) 0-3 g., m. p. 
177—179°, (c) 0-7 g., m. p. 168—170°, (d) 0-35 g., m. p. 169—171°, 
(e) 0-3 g., m. p. 169—170°. In working up 10 g. of the bases 
in a similar fashion, 7 fractions, averaging 1-2 g., were obtained 
and the volume of N/10-ammonia required to yield each fraction 
was 50 c.c. The first two fractions and in general all specimens 
fusing above 175° gave on recrystallisation, from ethyl alcohol 
the base K5, m. p. 200—201°; the later fractions of lower m. p., 
also crystallised from alcohol, afforded K*®, m. p. 172—173° (see 
below). 

The mixture of needles and prisms (see above) crystallised from 
methyl alcohol contained about 30% of K® and 70% of K*®. It is 
impossible, however, to give even an approximate estimate of the 
amount of K5 and K® in the crude distilled K. 

In some of the earlier experiments the whole product was dissolved 
in light petroleum (instead of being washed hot as above) and the 
crystals that separated on keeping (25 g. from 90 g. of the distilled 
K) were dissolved in pure ether and the solution kept in the ice-chest. 
The first fraction separated in plates (the second fraction of soft 
needles gave results similar to those already described) and on 
repeated crystallisation from ether was obtained in pale yellow 
prisms (0-4 g.), m. p. 182—184° (Found: C, 74-6; H, 7:8%). Ina 
second, entirely fresh experiment the same substance (0-3 g., m. p. 
184°) was obtained (Found: C, 74:8; H, 7:8; N, 8-0. C,.H,,0,N, 
requires C, 75-0; H; 7:9; N, 7-9%). This substance (K’) appears 
to be a hydrate, since it combines with methyl iodide at 100° in a 
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sealed tube with formation, by dehydration, of a methiodide which 
crystallises from methyl] alechol in short prisms, m. p. 250° (decomp.) 
(Found : C, 57-6, 57-8; H, 6-0, 6-1. C,,H,ON,I requires C, 58-0; 
H, 61%). The Otto reaction of K’ in 60% sulphuric acid is red, 
rapidly fading, whereas K® and K® give a more normal strychnine- 
type reaction. 

Starting from strychnine (1200 g.) and working as described up to 
the crystallisation from light petroleum and then crystallising the 
product twice from ether and once from methyl alcohol, we obtained 
110 g., m. p. 158—170°. This material was repeatedly extracted 
with ether and five successive crops of the usual K5K® mixtures were 
isolated. These (total weight, 79 g.), tested by the ammonia 
precipitation method, contained 30—35% of K*. The ethereal 
mother-liquors on concentration deposited two crops of similar 
character and then some colourless needles, m..p. 155—158°, which 
seem to consist of a new substance (K§’) (Found: C, 79-5; H, 8-1; 
N, 81. C,,H,,ON, requires C, 79-3; H, 8-0; N, 80%). The Otto 
reaction of this substance was of strychnine type and no coloration 
was developed on addition of ferric chloride to a solution in very 
dilute hydrochloric acid. No specimen of this base is available, so 
our suggestions in regard to it are provisional. 

Finally, it has already been mentioned that the product of distil- 
lation of K that could not be crystallised and remained in the light 
petroleum mother-liquors was converted into a methiodide. The 
syrup (20 g.) (Found: C, 77-9; H, 7-8; N, 8-5°%%) was dissolved in 
methyl alcohol and methyl iodide (20 c.c.) and heated on the steam- 
bath. The liquid boiled without further application of heat, but the 
reaction was completed by refluxing for 1 hour. On removal of the 
solvent by distillation there was a crystalline residue, which, after 
being washed with methyl alcohol, crystallised from this solvent in 
groups of colourless needles, m. p. 265—270° (slow decomp.) (Found : 
C, 58-4; H, 6-2. C,,H,,ON,I requires C, 58-0; H, 63%). This 
methiodide (K®,Mel) is sparingly soluble in boiling water and 
erystallises from this solvent in long colourless needles of constant 
m. p. 265—270°. The refated methochloride, prepared in the usual 
manner, is a very characteristic salt, crystallising with great facility 
from water in long quadrilateral tablets, m. p. 255° (vigorous 
effervescence, leaving a pale brown syrup) (Found in material dried 
at 100°: C, 72-4; H, 7-4. C,,Hs,ON,Cl requires C, 71-8; H, 7-5%). 
The glistening crystals become opaque at 100° or on boiling with 
methyl alcohol and the clear solution deposits prisms and needles. 
The solution in sulphuric acid (60% by vol.) gives a deep bluish- 
purple coloration with a trace of a dichromate. The methochloride 
evolved methyl chloride when heated ;. the residual syrup (K*) was 
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dissolved in dilute hydrochloric acid (norite), precipitated with 
ammonia, dried, and distilled under 1 mm. (Found : C, 79:2; H, 7-9; 
N, 8-6. C,.H,,ON, requires C, 79-0; H, 7-8; N, 84%). It seems 
that K®, which is the main product of the distillation of K, has the 
composition of a methyltetrahydrostrychnine, but all attempts to 
crystallise this substance have been fruitless. 

When a concentrated solution of K® methochloride was mixed with 
50% aqueous potassium hydroxide a voluminous crystalline pre- 
cipitate, probably consisting of the methohydroxide, was thrown 
down and, on heating on the steam-bath, this was converted into an 
oil having a curious coppery lustre and solidifying on cooling. The 
solid was collected, dissolved in methyl alcohol, and mixed with 
ether, the alcohol removed by washing with water, and the ethereal 
solution dried over potassium carbonate and evaporated. The 
residual gum solidified when rubbed; traces of oil were removed by 
washing with ether and draining on porous porcelain, and the 
colourless crystals were carefully dried over sulphuric acid; m. p. 
70—75° (Found: C, 79-5; H, 8-1. C,,H,,ON, requires C, 79-3; 
H, 8-0%). This substance (K) appears to be a methine derived 
from K®. It gives a bluish-purple Otto reaction, and no coloration 
with ferric chloride in dilute acid aqueous solution. 

The prisms (Y, above), crystallised from ethyl alcohol and from 
methyl alcohol-ethyl acetate, were obtained in characteristic prisms, 
m. p. 218° with previous softening. This substance (K") is further 
described below; there was little loss in obtaining it from the 
fraction of distilled K that was most sparingly soluble in ether (later 
experiments in which K’ was not encountered). 

Note on the Determination of Molecular Weights of Bases by Means 
of Sparingly Soluble Chloroaurates.—The chloroaurate derived from 
K5 (C,,H,,ON,; M, 334), prepared in hydrochloric acid of various 
concentrations and dried at 20° and 40° or even 100°, had m. p. 183— 
184° (decomp.) and gave Au, 28-87—28-90% (four specimens). The 
apparent molecular weight of the base was therefore 343. After 
the salt had been heated at 130°/0-2 mm. over phosphoric oxide for 
2 hours, it gave Au, 29-36% (M, 332). Evidently K5,HAuCl, 
contains $H,0. 

Hydration of chloroaurates appears to be a rather common 
phenomenon ; ¢.g., Fischer (Ber., 1902, 35, 1593) found that betaine 
chloroaurate occurred with 14H,O. In order to avoid this incon- 
venience we have adopted a direct method, suggested to us by 
Dr. B. Lambert, which is applicable to sparingly soluble chloro- 
aurates. The base (0-04 g. may be used) was converted into the 
chloroaurate by means of a slight excess of the reagent in a solution 
cooled to 0° and the whole precipitate was collected and ignited ; 
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very consistent results were obtained. All the weighings were made 
on a micro-balance. 

Anhydrotetrahydromethylstrychnine-K*.—This base crystallises in 
prisms with almost flat ends, m. p. 200—201° [Found: C, 79-1; 
H, 7-9; N, 8-7; Me(N), 4:6; M, by direct chloroaurate method, 333. 
C.2H,,ON, requires C, 79-0; H, 7:8; N, 8:4; Me, 45%; MM, 334]. 
It is sparingly soluble in hot light petroleum or ether and in cold 
acetone, methyl or ethyl alcohol and readily soluble in cold benzene 
or chloroform. The Otto reaction is an intense purple and the 
strychnidine-type reactions, for example, with ferric chloride, are 
not exhibited. The base is immediately oxidised by potassium 
permanganate in acetone solution. 

A solution of the base-K5 (0-9 g.) in alcoholic sodium ethoxide 
(2 g. of sodium in 60 c.c. of alcohol) was kept for 15 hours at 70°. 
The recovered base was recrystallised from alcohol and proved to be 
unchanged (m. p. 192—197°; mixed m. p. 197—199°). Neither 
somerisation nor hydrolysis occurred under the above conditions. 

Dihydroanhydrotetrahydromethylstrychnine-K°.—A solution of the 
base-K 5 (1-0 g.) in 20% acetic acid (25 c.c.) was mixed with palladised 
charcoal (0-1 g. of palladous chloride and 1 g. of charcoal) and 
shaken with hydrogen at 19° for 40 minutes, 69 c.c. (at N.T.P.) of 
hydrogen being absorbed (calc. for saturation of one double bond, 
67 c.c.). The reduced base (0°85 g.), crystallised from methyl 
alcohol-light petroleum and then from methyl alcohol, formed 
brilliant, hexagonal prisms, m. p. 160° (mixed with dihydro-K*, 
m. p. 160—162°, the m. p. was depressed by 20°) (Found : C, 78-7; 
H, 83. C..H,,ON, requires C, 78:6; H, 83%). This base is 
easily soluble in most organic solvents except light petroleum and 
cold methyl alcohol. It gives no reaction with 60% sulphuric acid 
and a dichromate, but a solution in concentrated sulphuric acid 
develops, on addition of potassium dichromate, a transient purple 
colour, changing to red-brown, orange-brown, and brownish-green. 
The base gives no colour reaction with Ehrlich’s reagent or with 
ferric chloride in weakly acidic solutions; it appears to be stable to 

permanganate in cold acetone solution. 

T etrahydroanhydrotetrahydromethylstrychnine-K°.—The  base-K® 
(1-0 g.) was reduced as above, with twice the relative proportion of 
catalyst, for 3 hours at 18°, 81 c.c. of hydrogen (at N.T.P.) being 
absorbed, and then at 70—75° for 2 hours. The total volume of the 
gas absorbed was 136 c.c. and further shaking at 75° produced no 
change. The product (0-7 g.), crystallised from benzene-light 
petroleum, had m. p. 156—161°; recrystallised from methy] alcohol, 
it formed prisms, m. p. 163—164° (depressed about 20° by admixture 
with C,..H,,ON,-K5, m. p. 160°) (Found: C, 77:9; H, 89. 
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Cy2H ON, requires C, 78-1; H, 8-9%). The crystals of this base 
were characteristically shaped with one end pointed, like miniature 
stakes. 

When a trace of solid potassium dichromate was rapidly ground 
into a solution of the base in concentrated sulphuric acid a reddish- 
violet coloration was produced ; this soon changed to orange-brown 
and brownish-yellow. The base is more readily soluble in most 
organic solvents than the dihydro-derivative of K5. It is stable to 
permanganate in acetone solution and gives no colour with ferric 
chloride in weakly acidic solution. 

Desmethyleneanhydrotetrahydromethylstrychnine - K*. —This base 
crystallised from alcohol in monoclinic prisms, m. p. 172—173° (not 
raised by recrystallisation) [Found: C, 78:9; H, 7-5; N; 88; 
Me(N), 5-2; M, by direct chloroaurate method, 321. C,,H,ON, 
requires C, 78-7; H, 7-5; N, 8-8; Me, 49%; M, 320]. 

It is moderately readily soluble in cold methyl or ethyl alcohol, 
ether or hot light petroleum and easily soluble in cold acetone, 
benzene, or chloroform. Its acid solutions develop no colour on the 
addition of ferric chloride, but with dichromate and sulphuric acid 
(60%) an intense blue coloration, fading rapidly to purple and then 
to pale green, is obtained. Permanganate is immediately reduced 
in acetone solution. The base does not yield a benzylidene or acetyl 
or nitroso-derivative. 

The methiodide was prepared from a specimen, m. p. 168°, by 
dissolution in an excess of methyl iodide and separated after 24 
hours. The crust of prisms was collected, ground, washed with 
methyl iodide, and recrystallised from methyl alcohol, forming 
colourless prisms, m. p. 250—252° (efferv.) (Found: C, 57-5; 
H, 6-0. C,.H,,ON,I requires C, 57-2; H, 5-9%). 

A warm aqueous solution gives no precipitate on addition of 
ammonia or potassium hydroxide. When heated to 280°, the salt, 
or the related gummy methochloride, decomposed with regeneration 
of the base-K®, m. p. 168° (Found: C, 78-9; H, 7-8%). The base- 
K® (0-5 g.) was unchanged by heating at 70° with a solution of 
sodium ethoxide (from 1 g. of sodium and 15 c.c. of alcohol) for 
16 hours. 

Dihydrodesmethyleneanhydrotetrahydromethylstrychnine - K*. — A 
solution of K® (2-5 g., m. p. 172—173°) in acetic acid (50 c.c. of 20%) 
was shaken with hydrogen at 14° in the presence of palladised 
charcoal (from 0-2 g. of palladous chloride and 1-0 g. of charcoal). 
Absorption of the gas was rapid at first, but very slow after 50 
minutes, 183 c.c. (at N.T.P.) having been taken up (calc. for satur- 
ation of one double bond, 175 c.c.). The product was dried at 100° 
(yield, 2-3 g.; m. p. 153—158°), twice crystallised from methyl 
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alcohol-light petroleum, and finally obtained in long flat-ended 
prisms; m. p. 160—162° (Found: C, 78:4; H, 83; N, 87. 
C,,H,,ON, requires C, 78-2; H, 81; N, 87%). This base is 
sparingly soluble in cold light petroleum, but dissolves freely in most 
other common organic solvents. It gives no reactions of strychni- 
dine-type and the Otto reaction is very difficult to observe. A 
solution in 60% sulphuric acid, treated with a very small trace of a 
dichromate, develops a bright purplish-red colour which rapidly 
fades to yellow. If more than a trace of the reagent is used, the 
colour is so rapidly destroyed that it cannot be observed. 

The more complete catalytic reduction of K® has been investigated, 
but the results are not so clear as was the case with K®. When 
rather more than twice the relative proportion of catalyst was used, 
the theoretical volume of hydrogen was absorbed at 14° in 15 
minutes; the reduction was continued at 70—75° for 2} hours and 
the total volume of gas then absorbed exceeded that required for 
saturation of 2 double bonds (150 c.c. instead of 140 c.c.). The air- 
dried product (0-8 g.) was crystallised from benzene-light petroleum 
and gave 0-3 g.,.m. p. 153—158°; recrystallised, m. p. 157—160° 
(mixed with dihydro-K®, m. p. 160—162°, the m. p. was 158—160°) 
(Found : ©,77-:9; H, 8-2. Calc. for C,,H,,ON, : C, 78-2; H, 81%). 
Evidently a large fraction of the material is the dihydro-derivative 
of K®. 

The mother-liquor on concentration afforded 0-3 g. of crystals, 
m. p. 112—115° (Found in material heated at 90°: C, 78-3; H, 91. 
Cy3H,,ON, requires C, 77°38; H, 86%). It was thought that 
hydrocarbons, particularly benzene, might still be adherent, so the 
base was crystallised from light petroleum and the prisms heated for 
3 hours at 100°/2 mm. over phosphoric oxide. This specimen 
developed a pink colour and melted sharply at 114° to a yellow liquid 
(Found: CO, 78-7; H, 87%). Paucity of material forced us to 
abandon the investigation of this base, but the results point to 
persistent hydrocarbon contamination or to gradual dehydration 
on heating. 

Dihydrodesmethylenetetrahydromethylstrychnidine-K®.—The _ base- 
K® (2-0 g.), dissolved in 20°, sulphuric acid (100 c.c.), was reduced 
at a lead cathode at 15° for 19 hours with a current density of 0-05 
amp./om.. The base deposited from the solution after basification 
in the presence of ice was collected, dissolved in 2N-sulphuric acid, 
and reprecipitated with ammonia. It was then taken up in benzene, 
the extract dried and evaporated, and the syrupy residue dissolved 
in a little cold methyl alcohol.’ The reduced base crystallised slowly 
in slightly dark aggregates (0-35 g.), m. p.97—99° (Found: C, 80-6; 
H, 92; N, 9-0. ©,,H,.N, requires C, 81-8; H, 9-2; N, 9-1%). 
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Recrystallised from methyl alcohol-light petroleum, the base was 
obtained in long, colourless, monoclinic prisms, often forming 
parallel clusters, m. p. 98—100° (Found : C, 81:3; H, 9-0; N, 91%). 
A specimen made from crude K®, m. p. 166—167°, in a similar 
fashion to the above was distilled under 1 mm. (b. p. could not be 
determined) (Found: C, 82:0; H, 9-0; N, 8:8%). The base gives 
strychnidine-type colour reactions and is easily soluble in benzene 
and light petroleum and rather sparingly soluble in the simple 
alcohols. 

The methiodide, prepared from reduced base-K*, m. p. 167°, 
separated from water as a hard crust, m, p. ca. 170° and decomp. 
190—200° (Found: C, 59-0; H, 7-1. C,,H3,N,I requires C, 58-7; 
H, 69%). The related methochloride gives strychnidine-type 
colour reactions and hence the quaternary ammonium group in these 
salts includes N(b). 

The Base-K".—This substance is very sparingly soluble in ether 
and in order to purify it the crude material was well ground and 
extracted several times with the solvent. The residue crystallised 
from a large volume of methyl alcohol or from methyl alcohol-ethyl 
acetate in splendid monoclinic prisms, very well-shaped and homo- 
geneous in appearance under the microscope. All specimens in 
spite of their fine appearance soften from about 211° and melt at 
217—218° [Found : C, 78-7, 79-0, 79-1; H, 8-3, 8:2, 8-1; N, 8-4, 
8-5; Me(N), 4:25; M, by chloroaurate method, 343. C,,H,,ON, 
requires C, 78-6; H, 8-3; N, 8:3; Me, 45%; M, 345, assuming 
4H,O in the chloroaurate. C,,H,,ON, requires C, 79-3; H, 8-0; 
N, 8:0; Me, 4.4%; M, 348]. Owing to the fact that the chloro- 
aurate is a little too soluble in water, the direct method could not be 
used in this case; the assumption of $H,0O is a probable one in view 
of the similar behaviour of the chloroaurate of K5 which has been 
already mentioned. 

Micro-analyses often give a high value for the content of carbon 
and we consider that the most likely formula is C,,H,,ON,. 

Addition of a trace of a dichromate to a solution of this substance 
in 60% sulphuric acid produces a bluish-purple coloration which 
rapidly fades to dull yellow; strychnidine-type reactions were not 
observed. 

The base does not form a benzylidene, acetyl, or nitroso-deriv- 
ative. It is not readily hydrolysed to an amino-acid by means of 
alcoholic sodium ethoxide. 

Methiodide. The base reacted very slowly with methyl] iodide in 
the cold and was heated with a large excess of the reagent and some 
methyl alcohol at 100° in a sealed tube. The salt then formed 
crystallised from methyl alcohol in pale brown, circular warts, 









ees 





1254 BRADLEY AND ROBINSON : 


m. p. 250° (vigorous efferv.) (Found: C, 57:3; H, 6-4. C.,H,,ON,I 
requires C, 57-7; H, 64%). The substance is readily soluble in 
water and the related methochloride exhibits the same Otto reaction 
as the parent base. 


The assistance of Mr. R. I. E. Hall, M.A., and Mr. J. Resuggan in 
connexion with the preparative work is gratefully acknowledged. 
Most of the analysis were carried out by Mr. F. Hall, whose skilful 
aid has been invaluable. 
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166. Kationoid Reactivity of Aromatic Compounds, 
Part I. 


By Witi1am Brapiey and Rospert Rosinson. 


OnE of the advantages of the electrochemical theory of the reactions 
of unsaturated carbon compounds is that it accommodates not 
only the ordinary aromatic substitutions in which the nucleus 
exhibits anionoid reactivity but also those in which the reagent is 
anionoid. 

The natural character of benzene and naphthalene is to be 
electron-donors and it is only some special constitutional feature 
which can successfully oppose this tendency. 

In every case the molecule will be found to contain a katio-enoid 
system (typified by C—C—C—0) in which the quality of reactivity 
of a carbonyl, nitroxy] or similar group is transmitted to an associated 
unsaturated centre, either ethenoid or polyenoid. 

The four main classes of substances which contain such systems 
and manifest their characteristic reactions are: (a) quinones, using 
the term in its widest sense to include a great variety of types, 
(b) substances in which a kationoid group (NO,, CO, etc.) is directly 
attached to the nucleus, (c) phenols (or amines) in which the katio- 
enoid system is apparent after isomeric change, and (d) heterocyclic 
substances, such as pyridine, in which the whole kationoid group 
(usually C : N) forms part of the ring structure. Examples are the 
direct introduction of hydroxyl and amino-groups into pyridine 
derivatives by means of alkali-metal hydroxides and sodamide 
respectively. 

The annexed schemes. show very simple examples of the four 
classes and the katio-enoid system is included in the dotted lines ; 
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the asterisks indicate the alternative points of attack of the anionoid 
reagent. 
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Class (c) is relatively unimportant, but in illustration. the con- 
version of resorcinol into phloroglucinol by fusion with caustic 
alkalis may be cited. The replacement of hydroxyl by amino- 
groups and analogous reactions are doubtless the result of the 
independent kationoid reactivity of carbonyl groups in such tauto- 
merides of phenols and naphthols. 

The reactions attributable to the activation of the katio-enoid 
systems in class (a) are exceedingly numerous. Thus the action of 
alkaline hydroxides, amines, sulphinic acids, and cyanides leads to 
the formation of hydroxyquinones, amino-quinones, sulphones, and 
nitriles respectively. 

In this category must be placed the action of sodium bisulphite on 
various quinones and, for example, $-naphthaquinone (F. Baeyer, 
D.R.-P., 70867 ; Friedlander, ‘“‘ Fortschritte,”’ ITI, 503). 


CO OH 
$2; + NaHso, —> on 
ri O,Na 


This again is clearly analogous to the action of the same reagent 
on nitroso-$-naphthol (Béniger, Ber., 1894, 27, 23; Schmidt, 
J. pr. Chem., 1891, 44, 522). 





OH NH, 
$9; + 2NaHsSO, —> Ou 4. NaHSO, 
y, 


SO,Na 


In class (b) of the aromatic substances containing katio-enoid 
systems, many katicnoid reactions have already been observed, 
particularly when the process is facilitated by the fact that the group 
or atom displaced is ready to separate as an anion. In this group 
we find the hydrolysis of p-nitrochlorobenzenes and of nitroso- 
dimethylaniline and such reactions as the transposition of alkoxyl 
groups in 2 : 4-dinitrophenyl ethers, displacement of alkoxyl groups 
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and halogen atoms in nitro-compounds by amino-groups, and many 
others; the electronic mechanism of these processes has already 
been discussed by one of us (inter alia, J. Soc. Chem. Ind., 1925, 
44, 456). 

Fewer examples are available, however, in which hydrogen is 
replaced as the ultimate result of the attack of the aromatic nucleus 
by anionoid agents. Such processes do not usually give good yields 
of the products, because the hydrogen displaced along with an 
electron pair effects reduction of a part of the material. 

Good examples are the oxidation of nitrobenzene to o-nitrophenol 
by the action of potassium hydroxide in air (Wohl, Ber., 1899, 32, 
3486; 1901, 34, 2444) and the formation of p-nitrophenylearbazole 
from nitrobenzene and potassiocarbazole (G. and M. de Montmollin, 
Helv. Chim. Acta, 1923, 6, 94). The direct introduction of hydroxy] 
groups into the anthraquinone molecule and the formation of 
indanthrone from §-aminoanthraquinone and of dibenzanthrone 
from benzanthrone are further typical cases of analogous reactions. 

In an endeavour to find simpler cases of the direct introduction of 
amino-groups into the nitrobenzene molecule we have studied the 
behaviour of nitrobenzene towards amines under various conditions. 
In most cases the results have been negative or ambiguous, but it 
has been found that the piperidino-group can be directly introduced 
into the nucleus. The agent employed is the base itself in the 
presence of sodamide and we presume that the very active anion of 
sodium piperidine is actually responsible for the successful attack of 
the aromatic nucleus. 


| H , 
va |x. 
5=No EK ANG 


CH,°CH, = 

NOK NCH CHD CH: i 
Similarly, «-nitronaphthalene yields a 4-piperidino-derivative and 
8-nitroquinoline furnishes a piperidino-derivative the constitution 
of which has not yet been determined. 8-Nitroquinoline belongs 
both to class (b) and to class (d) (above) and the piperidino-group 
might therefore be in any of the positions 2, 4, 5, and 7. The most 
likely positions, namely, 2 and 5, have been excluded by the synthesis 
of the 2-piperidino- and _ 5-piperidino-8-nitroquinolines | and 
apparently, therefore, the piperidine has attacked one of the positions 

4 and 7. 

The reactions described in the experimental section do not proceed 
entirely in one direction and the by-products may include members 
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of the phenazine group. The investigation is being continued) in 
the hope of discovering the appropriate oxidising agent, but the 
problem of controlling these processes appears to be a difficult one. 
It may be noted that the required atom of oxygen may be introduced 
as part of the reagent, that is, hydroxylamine may be used instead 
of ammonia, and as an example the formation of 2-nitro-1-naphthy]- 
amine from a-nitronaphthalene and hydroxylamine in the presence 
of alcoholic sodium ethoxide (Meisenheimer ard Patzig, Ber., 1906, 
39, 2533) may be cited. 

In accordance with our view this process is initiated by direct 
union of the nitrogen of the hydroxylamine with the nuclear carbon 
and the elimination of water occurs at a later stage; a scheme such 


as :C/H HO|NH,, suggesting that the process is essentially a con- 
densation, is simple but not acceptable. 


EXPERIMENTAL, 

p-Nitrophenylpiperidine—A mixture of nitrobenzene (12'3 g.), 
piperidine (8-5 g.), and finely powdered sodamide (4 g.), shaken in a 
sealed bottle, rapidly became golden-brown and after 45 hours was 
an almost rigid mass, black in thick, but deep yellow in thin layers. 
There was a strong ammonia pressure. After a further 24 hours 
the product was decomposed by mixing it intimately with benzene 
and powdered ice and then adding dilute hydrochloric acid (con- 
taining 30 c.c.,d 1-16). The liquid was filtered and the benzene layer 
was isolated, washed with 6% hydrochloric acid (60 c.c.), and 
extracted four times with 24% hydrochloric acid (30 c.c.); the 
aqueous extracts were combined, filtered, and basified with ammonia, 
The crude base was precipitated as a dark yellow, crystalline sub- 
stance (5°53 g.), m. p. 92—94°. In a second preparation in which 
the product was kept for 34 days previous to isolation the yield was 
6-45 g.,m. p. 94—97°. 

Recrystallised from ethyl alcohol, the base was obtained in 
yellow or greenish-yellow plates, m. p. 103—103-5°, identical in 
all respects with the p-nitrophenylpiperidine prepared from p-chloro- 
nitrobenzene (Lellmann and Geller, Ber., 1888, 21, 2281, give m. p. 
105°). The pure substance (Found: C, 64:2; H, 6-7; N, 135: 
Cale. for C,,H,,0,.N,: OC, 64-0; H, 6-8; N, 13-6%), mixed with a 
specimen (m. p. 103°) from p-chloronitrobenzene, had m. p. 103°. 
Success in the condensation is conditional on the use of active 
sodamide. Under all circumstances the base is accompanied by a 
relatively small amount of more strongly basic material, but nitro- 
phenols and bases weaker than p-nitrophenylpiperidine are not 
formed. 

Oxygen was absorbed at some phase of the reaction, but no 
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improvement in the yield of the base was effected by the intro- 
duction of oxidising agents or by carrying out the reaction in an 
atmosphere of oxygen. The crude base obtained in the last-men- 
tioned experiment melted at 99—101°, a circumstance which 
indicated the absence of any isomeride. 

It appeared probable that the observed evolution of ammonia 
was the result of interaction of sodamide with water formed in the 
reaction. Actually the use of 2 mols. of sodamide gave only a 14% 
yield of the crude base (m. p. 70—80°). 

p-Nitrophenylpiperidine was also obtained from p-nitroanisole, 
although in smaller relative yield than from nitrobenzene under 
similar conditions. 

1-Nitro-4-piperidinonaphthalene.—In the absence of a diluent the 
reaction between «-nitronaphthalene, piperidine, and sodamide gave 
varying results. 

An equimolecular mixture of «-nitronaphthalene (8-6 g.), piperi- 
dine (4-3 g.), and sodamide (2-0 g.) was diluted with benzene (15 c.c.) 
and shaken in a sealed bottle during 84 hours. The product, a 
black tarry mass, was mixed with benzene and powdered ice and the 
dark alkaline aqueous layer was removed. The benzene layer was 
filtered and shaken with 6°% hydrochloric acid (120 c.c.). A con- 
siderable brown precipitate separated and this was removed. The 
filtrate consisted of a red aqueous layer and a dark red benzene layer. 
The former, separated and basified with ammonia, gave a grey 
precipitate that darkened immediately (A, m. p. 50—100°; yield, 
3-72 g.). The benzene layer was washed with 12° hydrochloric acid 
(60 c.c.) and then with concentrated hydrochloric acid (20 c.c.). 
The latter extract, washed with benzene, filtered, and basified with 
ammonia, afforded a greenish-yellow crystalline precipitate (B), 
m. p. 68—69° (yield, 3-25 g.). 

The yield of (B) was increased (3-55 g., m. p. 70—71°) when only 
5 c.c of benzene were added to the reactants, and again when 2 mols. 
of «-nitronaphthalene were used (2-1 g. from 8-6 g. of a-nitro- 
naphthalene and 2:2 g. of piperidine). 

The basic product (A) was far from homogeneous and was not 
obtained in a pure condition, It gave a colourless crystalline 
hydrochloride that dissolved in water to a red solution, and a 
colourless crystalline methiodide. 

(B) was easily separable into a constituent readily soluble in methyl 
alcohol (C) and an almost insoluble portion (D). 

(C) consisted of 1-nttro-4-piperidinonaphthalene and crystallised 
from the minimum volume of hot methyl alcohol, on cooling, in 
stout plates or tablets, m. p. 73—74°, and in slender, deep yellow 
prisms, m. p. 73°5—74°, on recrystallisation (Found: C, 70-4; 
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H, 6-2; N, 10-7. C,;H,,0,N, requires C, 70-3; H,6:3; N, 10-9%). 
Reduction : Granulated tin (5 g.) was added to the brown solution of 
the base (2 g.) in concentrated hydrochloric acid (40 c.c.); a colour- 
less crystalline solid soon separated. After 1 hour the mixture was 
warmed and the colourless solution obtained was diluted and made 
strongly alkaline in the presence of ether. The extract was washed 
with 6% hydrochloric acid (30 c.c.), in which the nitro-base is 
insoluble, and the base again rendered to ether. The amber residue 
after evaporation of the dried ethereal solution solidified, in contact 
with light petroleum, to a colourless crystalline mass, m. p. 78—79° 
(Found: C, 79-3; H, 7-9; N, 12-4. C,,H,,N, requires C, 79-6; 
H, 8-0; N, 12-4%). 

1-Amino-4-piperidinonaphthalene is very easily soluble in the 
common solvents. Exposed to air and light, it becomes blue and 
then dissolves in ether to a strong blue-fluorescent solution. It can 
be diazotised and coupled with $-naphthol in the normal manner. 
The benzoyl derivative crystallised from ethyl alcohol in colourless 
pointed prisms, m. p. 213—214° (Found: C, 79-5; H, 6-8;: N, 8-5. 
Cy9H,,ON, requires C, 80-0; H, 6-7; N, 85%). 

Oxidation of the base occurred smoothly when a solution in 10% 
sulphuric acid was shaken with powdered potassium dichromate in 
the presence of ice and benzene. The yellow benzene layer, washed 
with water, dried with sodium sulphate, and evaporated, gave a 
crystalline residue; this crystallised from light petroleum in lemon- 
yellow plates, m. p. 124—125°, easily volatile in steam and possess- 
ing the characteristic odour of quinones. The substance was thus 
a-naphthaquinone and its formation is the basis of the proposed 
constitution for the nitropiperidinonaphthalene. 

The greenish-yellow residue (D) (0-13 g., m. p. 223—229°) that 
remained from 9 g. of the crude product (B) was digested with 
boiling ethyl alcohol (200 c.c.); less than 0-1 g. dissolved, and this 
separated on cooling. Repeated crystallisations gave slender 
yellow prisms, m. p. 257—258° (Found : C, 81-8, 81-8; H, 5-8, 5-7; 
N, 11-1, 11-6. C,;H,,N, requires C, 82-6; H, 5-8; N, 116%). 
The base is sparingly soluble in most organic solvents, the solutions 
in alcohol and acetic acid are faintly coloured and non-fluorescent, 
but the solution in benzene shows very intense yellow-green fluores- 
cence. The base dissolves in concentrated sulphuric acid with a 
fine violet colour that remains unchanged in tone and intensity after 
2 months. The yellow solution in concentrated hydrochloric acid 
deepens in colour on moderate dilution; further addition of water 
reprecipitates the base. 

The composition and properties of the substance are approxim- 
ately those of a piperidino-as.-«$-dinaphthazine which might result 
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by reduction processes applied to a mixture of «-nitronaphthalene 
and 1-nitro-4-piperidinonaphthalene. 

Action of Sodamideand Piperidine on p-Nitrotoluene.—A piperidino- 
nitrotoluene was not formed but instead 4 : 4’-dinitrodibenzyl was 
obtained. A suspension of sodamide (4 g.) in a solution of p-nitro- 
toluene (28 g.) in piperidine (20 c.c.) was mechanically stirred in a 
bottle provided with a mercury seal. Absorption of oxygen 
occurred and after 7 days the product was a viscous black paste, 
deep red brown in thin layers. Addition of benzene, ice, and dilute 
hydrochloric acid (containing 60 c.c. of acid, d 1-16) caused the 
separation of an ochre-yellow solid, which was collected and washed 
with water and benzene. No other homogeneous material could be 
isolated. Extracted with hot water and 5%, hydrochloric acid, and 
recrystallised from glacial acetic acid, the solid was obtained as a 
brick-red powder (8-3 g.), m. p. 173—176°. Repeated crystallis- 
ation from 95% alcohol and then from ethyl alcohol gave yellow 
needles or slender prisms, m. p. 179-5—180-5° (Found: C, 61-9; 
H, 45; N, 10-0. Cale. for C,,H,,0,N,: C, 61-8; H, 45; N, 
103%), identical with 4:4’-dinitrodibenzyl in all properties. 
Oxidation with chromic anhydride in glacial acetic acid gave 
p-nitrobenzoic acid only. 

8-Nitroquinolylpiperidine.—In purifying the 8-nitroquinoline 
prepared according to Kniippel (Ber., 1896, 29, 705), it was found 
advantageous to extract the dry crude product of the Skraup 
reaction with benzene and to recrystallise the recovered base from 
light petroleum. The material obtained in this manner melted at 
87—-88°, as described in the literature. The base reacted very 
rapidly with piperidine and it was necessary to dilute the reactants 
with benzene. The whole of the product was soluble in dilute 
hydrochloric acid and no separation could be effected with this 
reagent. Several weaker acids were tried and of these 5% phos- 
phoric acid gave the most satisfactory result. 

A mixture of 8-nitroquinoline (7 g.), piperidine (3-4 g.), sodamide 
(1-6 g.) and benzene (10 c.c.) was shaken in a sealed bottle, There 
was only a gradual deepening of the colour and only a slight develop- 
ment of pressure during the first 3 days, but at this point the reaction 
commenced abruptly and within a few hours much ammonia had been 
liberated and a black pasty product formed. This was kept for 2 
days, then mixed with benzene and ice, and acidified with dilute 
hydrochloric acid: The colourless benzene layer was separated from 
the deep red aqueous layer and this was filtered and basified in the 
presence of ether. A light-coloured substance separated during this 
process and was removed. The deep yellow ethereal solution was 
extracted with small successive volumes of 5% phosphoric acid and 
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the dissolved bases were recovered by addition to dilute alkali. 
The first fractions contained dark yellow material (0-13 g., m. p. 
70—90°), the intermediate fractions almost all the nitroquinolyl- 
piperidine (1-4 g., m. p. 100—110°), and unchanged 8-nitroquinoline 
was recovered from the last extracts (0-19 g., m. p. 70—120°). 

The basic material from the intermediate fractions was extracted 
with 15—20 c.c. of boiling light petroleum, in which 8-nitroquinoline 
is readily soluble, and the bright yellow crystalline residue was 
dissolved in boiling light petroleum (b. p. 60—80°); on cooling, 
8-nitroquinolylpiperidine separated in an almost pure condition 
(yield, 0-8 g.; m. p. 126—129°). Recrystallised from light petrol- 
eum, the base formed lemon-yellow hexagonal tablets or prisms, 
m. p, 131-5—132-5° (Found : C, 65-5; H, 5-9; N, 16-1. C,,H,,O,.N, 
requires C, 65-3; H, 5-9; N, 163%). It dissolves in concentrated 
hydrochloric acid to a pale yellow solution which becomes deep 
orange on moderate dilution. An ethereal solution of the base 
affords with hydrogen chloride a colourless crystalline precipitate of 
a hydrochloride which is hygroscopic and becomes red when exposed 
for a short time to air. 

8-Ntro-5-piperidinoquinoline.—5-Chloro-8-nitroquinoline was pre- 
pared by nitration of 5-chloroquinoline as described by Claus and 
Junghaus (J. pr. Chem., 1893, 48, 254). 

A suspension of 5-chloro-8-nitroquinoline (2-44 g., m. p. 184°) in 
piperidine (6 c.c.) was boiled during 3 hours. The solid dissolved, 
the solution became deep yellow, and piperidine hydrochloride 
separated rapidly. The canary-yellow crystalline precipitate 
(2-94 g., m. p. 105—106°) obtained on addition of water was collected, 
washed with water, and crystallised from light petroleum (b. p. 60— 
80°), forming yellow needles, m. p. 105-5—106-5° (Found: C, 65-4; 
H, 5-8; N, 16-2. C,,H,,0,N, requires C, 65-3; H, 5-9; N, 163%). 

8 - Nitro - 2 - piperidinoquinoline.—2-Chloro-8 -nitroquinoline, was 
obtained by nitration of 2-chloroquinoline (Fischer and Guthmann, 
J. pr. Chem., 1916, 93, 378); the base was most conveniently 
purified by steam-distillation of the crude nitration product without 
superheating. The residue, crystallised from alcohol, melted at 
148—149° in agreement with Fischer and Guthmann. 

2-Chloro-8-nitroquinoline (2-0 g.) was added to piperidine (6 c.c.), 
a rapid rise in temperature occurring after a few minutes. The 
brownish-yellow mass was heated at the boiling point during 1 hour 
and then poured into water. The yellow precipitate (2°36 g.) 
erystallised from light petroleum (b. p. 60—80°) in light yellow 
plates, m. p. 87° (Found: ©, 65-1; H, 5-8; N, 16-3. C,,H,,0,N, 
requires C, 65-3; H, 5-9; N, 163%). This substance becomes 
orange on keeping in a specimen tube. 
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Piperidinobenzanthrone.—A suspension of equimolecular amounts 
of benzanthrone (2-3 g.) and sodamide (0-4 g.) in piperidine (10 c.c.) 
was boiled during 1 hour. The brown solution obtained was poured 
into water. The oily precipitate was collected and extracted with 
hot 20% hydrochloric acid. The filtered, orange solution, when 
basified, afforded a yellow precipitate (0-66 g., m. p. 145—151°), 
which crystallised from light petroleum (b. p. 60—80°), in which 
it was easily soluble, in yellow plates, m. p. 176-5—178° (Found : 
C, 84:1; H, 5-9; N, 45. C,,.H,,ON requires C, 84:3; H, 6-1; 
N, 45%), soluble in concentrated hydrochloric acid to a golden- 
yellow solution, from which the base was reprecipitated on dilution 
with water. The solution in concentrated sulphuric acid was deep 
orange. The base was unaffected by warm alkaline sodium hydro- 
sulphite, but the yellow solution in glacial acetic acid was almost 
decolorised by reduction with zinc powder. 

Products of the Interaction of Nitrobenzene, Liquid Ammonia, and 
Sodamide.—A mixture of nitrobenzene (40 g.) and sodamide (10 g.) 
with a considerable excess of liquid ammonia was kept in an 
enamelled steel cylinder at the ordinary temperature during 10 
months. The dark tarry product was mixed with benzene and 
water, and the large quantity of dark oily solid that remained 
undissolved was collected (R). The orange benzene layer was 
separated, washed with water, filtered, and extracted with 15% 
hydrochloric acid. The acid extracts were basified and gave a 
yellow precipitate (0-68 g.), m. p. 215—220°. After several crystal- 
lisations from light petroleum (b. p. 60—80°), long yellow needles, 
m. p. 215° (decomp.), were obtained (Found: C, 73-4; H, 4-2; 
N, 14-4. C,,H,ON, requires C, 73-4; H, 4:1; N, 14:3%). The 
base is fairly readily soluble in light petroleum but is insoluble in 10% 
aqueous potassium hydroxide. The solution in concentrated hydro- 
chloric acid is deep yellow. Heated gradually to 270°/15 mm., the 
substance evolves gas and affords a yellow crystalline basic sublimate, 
m. p. 185—200°; in this respect it differs from phenazine oxide 
(m. p. 226-5°), which yields phenazine (m. p. 171°) under the same 
conditions (Wohl and Aue, Ber., 1901, 34, 2442; Wohl, Ber., 1903, 
36, 4139). 

The dark oily residue (R) was extracted twice with boiling methyl 
alcohol (300 c.c.) and was thus obtained as an orange-yellow crystal- 
line powder, apparently a sodium salt. It crystallised from a large 
volume of methyl alcohol in pale orange needles that did not melt 
below 300°, and was much more readily soluble in water to an orange 
solution, from which acetic acid precipitated a yellow solid that 
redissolved on the addition of hydrochloric acid. 

The free phenolic base was prepared by dissolving the recrystallised 
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sodium salt in hydrochloric acid and neutralising the solution with 
aqueous sodium bicarbonate. The canary-yellow precipitate 
crystallised from light petroleum (b. p. 60—80°) in yellow prisms, 
m. p. 230—231° (Found : C, 59-8; H, 2-8; N, 17-3; M, in camphor, 
274, 299. C,,.H,O,N, requires C, 59-7; H, 2-9; N,17-4%; M, 241). 
The phenolic base is moderately easily soluble in light petroleum 
and is easily soluble in benzene. It dissolves in concentrated 
sulphuric acid to a greenish-violet dichroic solution that becomes 
yellow on dilution with water. The solution in concentrated 
hydrochloric acid is orange-yellow ; dilution reprecipitates the base, 
In warm 10% aqueous potassium hydroxide it dissolves to a deep 
yellow solution, from which yellow needles (potassium salt ?) separate 
on cooling. Addition of zinc dust to a solution of the base in dilute 
hydrochloric acid causes the development of a violet colour, and this 
changes through green to yellow; ultimately the solution becomes 
colourless. Exposed to air, the colourless solution becomes yellow 
and finally violet. 
This phenolic base is possibly a nitrohydroxyphenazine. 


The authors wish to thank Imperial Chemical Industries Limited 
for permission to publish this paper and for grants which have made 
it possible to undertake the work. 
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167. The Mercuration of Pyridine. 
By Nrat Patrick McCLeLanp and Ropert HueH WILson. 


Sacus and EBERHARTINGER (Ber., 1923, 56, 2223) have described the 
mercuration of pyridine by heating it with mercuric acetate at 175— 
180°. They state that when the reaction product is poured into 
water, and brine added, the precipitate produced (A) is 3 : 5-dichloro- 
mercuripyridine, and that the precipitate (B) formed when the filtrate 
from A is treated with potassium iodide is 3-iodomercuripyridine. 
A is described as a light brown powder insoluble in all solvents, 
including pyridine, decomposing at 220°, and giving 3 : 5-dibromo- 
pyridine when warmed with bromine, while B is a yellow amorphous 
powder, melting crude at 68—69°, insoluble in the ordinary organic 
solvents except pyridine, from which, however, it cannot be 
crystallised, and giving with bromine 3-bromopyridine. 

We repeated this preparation, and obtained the same precipitates, 
but the reactions of B showed that it could not have the formula 














1264 THE MEROCURATION OF PYRIDINE. 


assigned to it by Sachs and Eberhartinger, and investigation showed 
that A and B were not single substances. The main constituent of 
B was found to be a yellow crystalline compound, m. p. 154°, which 
gave pyridine and mercuric oxide when boiled with sodium hydroxide, 
and from which we could not obtain 3-bromopyridine. It was shown 
to be pyridine tri-iodomercuriate, C;H;N,HHgI,. A consisted of 
about 70% of 3-chloromercuripyridine mixed with other substances, 
insoluble in pyridine, which were not further examined. That the 
mercury had entered the ring in the 3-position was shown by the 
action of bromine, which gave 3-bromopyridine, and further by the 
action of arsenic trichloride, which led to the production of a pyridyl- 
arsonic acid identical with that obtained from 3-aminopyridine (as 
will be described in a subsequent paper). 


EXPERIMENTAL. 


3-Chloromercuripyridine.—Mercuric acetate (1000 g.) was heated 
with pyridine (2000 c.c.) in ten lots in an autoclave at 180° for 2 hours. 
The product was filtered from the insoluble residue (265 g.) and diluted 
with four times its volume of water. An equal volume of brine was 
added, and the precipitate filtered off and dried (1350 c.c. of pyridine 
were recovered from the filtrate by steam distillation). The pre- 
cipitate (405 g.) was extracted three times with 1000 c.c. of pyridine, 
and the soluble portion recovered by the gradual addition of water 
(3000 c.c.). The crude 3-chloromercuripyridine (273 g.) melted at 
225—240°; 10 g., crystallised three times from 50% aqueous 
pyridine, and then from alcohol, gave 2-5 g. of white needles, m. p. 
(decomp.) 278—280° (Found: C, 18-9; H, 1-75; Cl, 10-9, 11-1; 
Hg, 64:5, 64:0. C;H,NCIHg requires C, 19-2; H, 1:35 Cl, 11:3; 
Hg, 63-9%). 

10 G. of the crude product were warmed on a water-bath with 
bromine (5 g.) and sodium bromide (10 g.) in water (20 c.c.), made 
alkaline, and steam distilled. The distillate was extracted with 
ether, and the extract distilled (0-9 g., 170—171°). It was com- 
pared with a specimen of 3-bromopyridine, prepared by the method 
of Rath (Annalen, 1931, 486, 100) from nitropyridine made by 
direct nitration of pyridine. Mercurichloride, m. p. and mixed m. p. 
203°; picrate, m. p. and mixed m. p. 154°. 

Pyridine Tri-iodomercuriate—Mercuric acetate (100 g.) and 
pyridine (200 g.) were heated as above, and after precipitation 
with brine the filtrate was treated with potassium iodide solution. 
An oil separated, which solidified on addition of a little acetic acid. 
The yellow solid formed (24-1 g.; m. p., crude, 65—85°) was very 
soluble in pyridine and acetone, soluble in methyl, ethyl, and amy! 
alcohols, and slightly soluble in ethyl acetate, benzene, and water. 
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Crystallised from glacial acetic acid, it gave yellow needles, m. p. 
152—154° (Found: N, 1-9; I, 57-1, 58:1; Hg, 30-5. C;H,NI;Hg 
requires-N, 2-1; I, 57-6; Hg, 303%). 10 G. of the crude product 
gave on distillation 8-1 g., b. p. 230—236°/1 mm., which crystallised 
from alcohol in yellow plates, m. p. 154°; mixed m. p. with the 
needles from acetic acid, 152—154°. 

The same substance was formed directly from its constituents when 
molecular proportions of pyridine, hydriodic acid, and mercuric 
iodide were heated together on a water-bath. The whole solidified 
to a yellow mass, which, crystallised from acetic acid or alcohol, 
had m. p. 154°, and mixed m. p. with the above compound. 154°. 


THE UNIVERSITY CHEMICAL LABORATORY, 
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168. Azo-sulphites of Dis-azo-naphthols and_ their 
Fission into the Corresponding Aminoazo-naphthols. 


By Atpert THEODORE Kina. 


THE dis-azo-compounds of the type X-N°N-Y-N°N-C,,H,-OH, 
where X and Y represent an aromatic nucleus, e.g., benzene, naphth- 
alene, and diphenyl groups, form an important class of colouring 
matters, especially in the form of their sulphonic acids. 

The significance of azo-sulphite formation as related to fastness 
to stoving (bleaching with sulphur dioxide) referred to in the case of 
mono-azo-dyes (J., 1927, 2639) is thus of similar technical import- 
ance in the case of these dis-azo-dyes. 

The latter in addition show interesting chemical behaviour on 
treatment with sodium bisulphite, a discussion of which is the object 
of the present paper. 

The stability of the azo-sulphites of certain mono-azo-$-naphthol 
derivatives towards acidified iodine solution was shown (loc. cit.) 
to allow of the estimation of azo-sulphite and alkali-sulphite mixtures. 
A number of azo-sulphites which have recently been prepared 
(J., 1929, 601) show the same stability and this property appears 
to apply to azo-sulphites generally. 

The azo-sulphites have been found to na stable also towards 
titanous chloride and the proportion of unchanged dye in mixtures 
of the dye and its azo-sulphite can be approximately estimated by 
titration (hot) with titanous chloride until no further colour change 
occurs. 

This protective action on the azo-linking is further shown in the 
case of sodium hydrosulphite, which usually reduces the dye itself 
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rapidly in cold solution but attacks the azo-sulphite comparatively 
slowly. 

Apart from its technical significance in connexion with hydro- 
sulphite stripping and print discharging, this reaction is of synthetic 
interest, since with dis-azo-compounds where one of the azo-linkages 
can be protected by azo-sulphite formation the unprotected 
azo-linkage can be severed by suitable reduction, thus yielding the 
azo-sulphite of a mono-azo-derivative with an amino-group at the 
point of fission of the original azo-linkage, along with an amine 
which can be identified by appropriate means. 

The reaction, as in the case of mono-azo-dyes, is limited by 
constitutional considerations, and is practically confined to those 
dis-azo-compounds containing a $-naphthol component. 

This provides an additional means of determining the constitution 
of poly-azo-dyes, and a new method of preparing aminomonoazo-8- 
naphthols, the only one of which that appears to have been pre- 
viously described is the parent substance, p-aminobenzeneazo-f- 
naphthol, m. p. 259-—-260° (Meldola, J., 1905, 87, 3). 

Both benzeneazobenzeneazo-8-naphthol and p-sulphobenzeneazo- 
benzeneazo-$-naphthol failed to react to give Meldola’s product. 
Janus Red B (2-hydroxy-1-naphthaleneazo-m-tolueneazobenzene- 
m-trimethylammonium chloride), however, reacted smoothly to 
give the homologous p-amino-m-tolueneazo-8-naphthol, m. p. 251°, 
closely resembling Meldola’s compound. 

The isolation of some others of this type is described in the experi- 
mental part. That they have the constitution assigned is regarded 
as reasonably certain from their mode of formation, but it is hoped 
to characterise them more fully in a subsequent paper. 

The sequence of changes is shown particularly well in the case of 
Janus Red B above mentioned, which gives easily separated azo- 
sulphite products at each stage as formulated below : 


OH 0-SO,Na 
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In general, however, there is a marked tendency for the unpro- 
tected azo-linking to split with bisulphite alone, especially on heating. 
This fission occurs, as already noted (J., 1929, 602), with a number of 
mono-azo-a-naphthol derivatives which fail to form azo-sulphites, 
and tavours the hydrazone structure in the protected link, rather 
than the ordinary azo-link, which would be reverted to if. the 
bisulphite addition product lost water. 

The product of the bisulphite action thus depends on the relative 
rates at which the dis-azo-sulphite is formed and the unprotected 
link reduced. 

The Janus Red azo-sulphite forms in suspension and, being prac- 
tically insoluble in bisulphite solution, is relatively resistant to 
further action. 

Where the dis-azo-sulphite first formed is readily soluble in the 
reaction liquid, subsequent reduction of the unprotected linkage is 
also prone to occur. Both actions are favoured by rise of temper- 
ature, but especially the latter, so that while in general the azo- 
sulphite of the parent dye can be obtained by reaction in the cold, 
after being heated at 60° for an hour or so the reaction mixture 
yields only the mono-azo-derivative. 

For example, sodium diphenyldisazo-8-sulpho-f-naphthol-c- 
naphthylamine-4-sulphonate (Congo Rubine) yields the corre- 
sponding dis-azo-sulphite by shaking for 4 hour with bisulphite 
solution and a little pyridine, but with prolonged shaking increasing 
quantities of the mono-azo-sulphite are formed, and heating at 60° 
for about an hour yields only the mono-azo-sulphite, sodium 4’- 
aminodiphenylazo-8-sulpho-B-naphthyl sulphite. 

Similarly sodium diphenyldisazo-8-sulpho-$-naphthol-«-naphthol- 
4:8-sulphonate (Heliotrope 2B) yields the dis-azo-sulphite, but 
reduction of the latter proceeds slowly even in the cold, and after 
standing over-night the reaction mixture yields mainly the corre- 
sponding mono-azo-sulphite. 

This secondary action is naturally influenced not only by the 
solubility factor, but also by the nature of the group to be split off, 
and its adjoining group, and so far as is shown by the cases examined, 
diminishes with increasing complexity of these groups, while diazo- 
sulphites with a diphenyl middle nucleus appear to be the most 
stable. 

Thus, sodium -sulphobenzeneazobenzeneazo-$-naphthol-8-sul- 
phonate (Croceine Scarlet 3B) yielded a product largely contaminated 
with the reduced substance, from the reaction in aqueous solution, 
but by shaking with bisulphite in presence of a third of its volume of 
pyridine the dis-azo-sulphite was obtained from the pyridine layer in 
fairly pure condition. 
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The only available dye with a naphthalene middle nucleus was 
sodium monosulpho-4-amino-«-naphthaleneazo-«-naphthaleneazo- 
§-naphthol-6-sulphonate (Diazamino Blue BR). This yields the 
dis-azo-sulphite without difficulty from the cold reaction mixture, 
but readily suffers reduction on heating. 

Of the azo-sulphites of dyes containing a diphenyl middle nucleus 
which were examined, in addition to those of Congo Rubine and 
Heliotrope 2B above referred to, that of sodium diphenyldisazo- 
salicylic acid-6-naphthol-3 : 6-disulphonate (Paramine Fast Bor- 
deaux B) also showed a marked tendency to reduce when the 
reaction mixture was warmed. 

Sodium diphenyldisazophenetole-@-naphthol-6 : 8-disulphonate 
(Chloramine Red B) gives a less readily reducible dis-azo-sulphite, 
while with sodium diphenyldisazo-3 : 6 : 8-trisulpho-«-naphthol-f- 
naphthol (Trisulphon Violet B) and especially the corresponding 
ditolyl derivative (Trisulphon Blue R) the dis-azo-sulphites are 
comparatively stable and only prolonged heating with bisulphite 
converts them into the mono-azo-derivative. In the latter case the 
resistance to reduction is probably increased by the steric hindrance 
of the methyl group in the o-position to the azo-group. 

The Trisulphon Violet B azosulphite is noteworthy in showing a 
striking colour change from reddish-purple to steely blue according 
to whether it is isolated from pyridine solution, or from aqueous 
solution by salting out. 


EXPERIMENTAL. 


The sulphite of 2-hydroxy-1-naphthaleneazo-m-tolueneazobenzene- 
-m-trimethylammonium chloride was obtained from the dye sus- 
pension in 5%, sodium bisulphite solution, maintained at about 60° ; 
the colour gradually changed to orange-red. The product, after 
being washed with water and with alcohol to remove unchanged dye 
and dried in a desiccator, was an orange-red powder, sparingly 
soluble in water and alcohol (Found: S as sulphite, 5-9. 
CygsH,,0,N,CISNa requires 8, 5-7%). 

Sodium p-amino-m-tolueneazo-B-naphthyl sulphite was obtained 
by stirring a suspension of the preceding sulphite in water and 
gradually adding concentrated sodium hydrosulphite solution 
until the colour changed to dull brown. The product, washed, 
crystallised from aqueous alcohol, and dried, formed a yellowish- 
brown powder (Found: S as sulphite, 8-45. C,,H,,0,N,SNa 
requires 8, 8-4%). 

p-Amino-m-tolueneazo-B-naphthol was obtained from the fore- 
going, on treatment with dilute sodium hydroxide solution, as a dark 
brownish powder. Evaluation with titanous chloride gaye 98% 
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(Found: N, 14-9. ©,,H,,ON, requires N, 15-2%). The acetyl 
derivative, m. p. 251°, formed bright brick-red crystals resembling 
acet-p-amidobenzeneazo-f-naphthol, m. p. 259—260° (compare 
Meldola, loc. cit.). 

Sodium diphenyldisazo - 4 - sulpho - « - naphthylamine - 8 - sulpho - B- 
naphthyl sulphite, obtained by } hour’s shaking in the cold with 
bisulphite solution and 4 vol. of pyridine, and isolated from the 
pyridine layer as previously deseribed, was a dark purplish, rather 
deliquescent, crystalline powder (Found: S as sulphite, 4-2. 
CygH 01 9N ,S,Na requires S, 4-2%). 

Sodium 4'-aminodiphenylazo-8-sulpho-8-naphthyl sulphite, obtained 
either from Congo Rubine or its azo-sulphite above, by heating with 
sodium bisulphite solution for an hour at 60°, was isolated by the 
pyridine method as a dull brown, crystalline powder (Found : 8 as 
sulphite, 5-95. Cy,H,,0,N,S,Na, requires 8, 5-9%). 

4'-Aminodiphenylazo-@-naphthol-8-sulphonic acid, obtained by 
treating the foregoing with dilute sodium hydroxide solution and 
then boiling it with hydrochloric acid, separated on cooling as a dark 
violet, crystalline precipitate. 

Sodium diphenyldisazo - 4 : 8 - disulpho - « - naphthol-8 - sulpho - 8 - 
naphthyl sulphite was obtained, in similar manner to the Congo 
Rubine derivative above, as a deep reddish-purple, deliquescent, 
crystalline powder (Found: § as sulphite, 3:5, CygH .90,,N,S8,Na, 
requires 8, 3-55%). It yielded, when heated at 60° with bisulphite 
solution, a product identical with the fission product from Congo 
Rubine described above (Found : S as sulphite, 5-9%). 

Sodium _ diphenyldisazosalicylic _acid-3 : 6-disulpho-B-naphthyl 
sulphite was obtained by reaction at the ordinary temperature 
and isolated by the pyridine method as a deep purplish-brown 
product (Found: S as sulphite, 4:3. Cy gH,.,0,,;N,8,Na, requires §, 
391%), considerably contaminated with the fission product, 
sodium 4'-aminodiphenylazo-3 : 6-disulpho-8-naphthyl sulphite, which 
is obtained in pure condition, by reaction at 60° and extiaction by 
the pyridine method, as a rather deliquescent, dark reddish-brown, 
crystalline powder (Found : § as sulphite, 5-1. C.,H,g0;9N,S,Na, 
requires 8, 5:0%). 

Sodium p - sulphobenzeneazobenzeneazo - 8 - sulpho - 8 - naphthyl eul- 
phite, obtained by shaking the dye with bisulphite solution and 
pyridine for 4 hour, was isolated from the pyridine layer as an 
orange crystalline powder (Found: S as sulphite, 5-0. 


CogH 50 9N,8,Na, 
requires 8, 4-8%). 


Sodium _p-aminobenzeneazo-8-sulpho-B-naphthyl sulphite was 
obtained from the foregoing reaction at 60°; the pyridine layer 
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yielded a deep orange-brown, crystalline powder, rapidly deliquescing 
in the air (Found: S as sulphite, 6-7. C,,H,,0,N,S,Na, requires 
8, 68%). 

Sodium monosulpho-4-amino-«-naphthaleneazo-«-naphthaleneazo- 
6-sulpho-8-naphthyl sulphite was obtained as a purplish-brown 
crystalline powder from reaction in the cold, but satisfactory 
analyses could not be made by iodine titration owing to the deep 
blue colour of the original dye regenerated on decomposition with 
dilute alkali. 

Sodium diphenyldisazophenetole-6 : 8-disulpho-8-naphthyl sulphite 
is fairly stable to warm bisulphite solution and after an hour’s 
heating at 60° a portion of the dis-azo-sulphite, which is relatively 
insoluble in bisulphite solution, remains unreduced and can 
be recovered by salting out. From the reaction in bisulphite and 
pyridine in the normal manner, it was isolated as a deep orange, 
crystalline powder (Found: § as sulphite, 4-1. C,)H,,0,,N,5,Na, 
requires S, 4-1%). 

Sodium 4'-aminodiphenylazo-6 : 8-disulpho-B-naphthyl sulphite is 
formed from the orange product above by heating at 60° with 
bisulphite until it gives a dark brown solution. Extraction with 
pyridine yields a brown crystalline powder (Found : § as sulphite, 
4-8. C,..H,,0,)N,8,Na, requires §,5-0%). p-Phenetidine is readily 
isolated from the dark brown aqueous reaction mixture, made 
alkaline, by steam distillation. 

Sodium diphenyldisazo-3 : 6 : 8-trisulpho-«-naphthol - 8 - naphthyl 
sulphite is formed by warming the dye with bisulphite solution; 
the colour soon changes to a rich violet-red and extraction with 
pyridine yields a dark purple, crystalline powder. The product is 
also readily salted out, with striking colour change of the solution 
to deep blue, and deposition of a steely blue, crystalline powder, 
which on solution and recovery from pyridine reverts to the purple 
form (Found: 8 as sulphite, 3-7. C,.H,,0,,N,S8,Na, requires 8, 
35%). 

Sodium 4'-aminodiphenylazo-8-naphthyl sulphite is formed from 
the above on more prolonged heating, the solution eventually 
changing to a deep orange-brown. Extraction with pyridine 
yields a bright brown, crystalline powder (Found: 8 as sulphite, 
7-1. CygH,,0,N,SNa requires 8, 7-2%). 

4’.Aminodiphenylazo-$-naphthol is formed on decomposing the 
foregoing with alkali, and gives almost black, purplish crystals from 
hot alcohol. It readily forms an acetyl derivative in dull red 
orystals, m. p. 275°. 

Sodium  ditolyldisazo-3 : 6 : 8 - trisulpho-«- naphthol - B - naphthyl 
sulphite is a crystalline powder, darker and bluer in shade than the 
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Trisulphon Violet derivative, with similar but less marked colour 
change on salting out (Found : S as sulphite, 3-4. C,,H,,0,,N,8,Na, 
requires 8, 3-43%). 

Sodium p-aminoditolylazo-8-naphthyl sulphite is preferably ob- 
tained from the foregoing by gradual addition of hydrosulphite 
solution in the cold until the colour change to yellowish-brown is 
complete, and salting out; when dried, it forms a dull brown 
powder (Found: S§ as sulphite, 6-65. C,,H,.0,N,SNa requires 8, 
68%). With alkali it yields the corresponding p-aminoditolylazo- 
@-naphthol, whose acetyl derivative forms brownish-red crystals, 
m. p. about 233°. 


Woot InpustrRIiEs RESEARCH ASSOCIATION, 
HEADINGLEY, LEEDs. (Received, February 11th, 1932.] 





169. Sulphites of Azo-compounds containing Two 
Hydroxyls. 


By ALBERT THEODORE KING. 


In discussing the evidence in support of his view of the structure of 
the azo-sulphites, as opposed to that of Spiegel (Ber., 1885, 18, 1479), 
Voroschtsov (J. Russ. Phys. Chem. Soc., 1915, 47, 1669) observes 
that with compounds containing two azo-linkings and one hydroxy- 
group, Spiegel’s formula would allow of the formation of a disulphite 
by addition at each azo-linking, whereas according to the Voro- 
schtsov formula only a monosulphite could be formed. He found 
that in the case of 1l-naphthol-2 : 4-disazoaniline only a mono- 
sulphite is formed. 

Conversely he predicts that compounds with one azo-linking 
and two active hydroxy-groups should form a monosulphite 
according to Spiegel’s formula, and a disulphite according to the 
Voroschtsov formula, but he did not investigate this point 
experimentally. 

Consideration will show, however, that the latter prediction is 
only realisable if, contrary to his view, the mono-addition product 
first formed loses a water molecule so that the product can re-assume 
the azo-linking. 

Taking as a concrete example 4-sulpho-2-hydroxy-«-naphthalene- 
azo-8-naphthol (Eriochrome Blue Black R.C., Geigy), it will be seen 
that the assuming of the ketonised form by one of the 8-naphthol 
nuclei automatically prevents the other from so doing (except by an 
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entirely different and improbable mechanism involving a quinque- 
valent nitrogen atom). 


Soe = “2 


OH O-SO, ea 


O*SO,Na 
NaO,S ar — I, N—N 
yi ) (IV.) 


Thus in the first place the reaction can only proceed as far as the 
monosulphite, as shown, for example, in (III). (It is assumed that 
the addition takes place on the coupled $-naphthol group.) If 
this loses water to give (IV), the second hydroxy-group can then 
ketonise and a further bisulphite molecule can be added. If, 
however, the additive form shown in (IIT) is retained, the second 
hydroxy-group cannot ketonise and no further addition can oceur. 

It therefore appeared of interest to investigate this point experi- 
mentally. The above compound has been found to yield a mono- 
sulphite, which is readily isolated from reaction in warm bisulphite 
solution. It shows abnormal behaviour, however, in that though it 
dissolves in warm bisulphite, and from solutions heated even up to 
60° crystallises unchanged, when the temperature is raised to about 
70° a rapid deposition of the original dye takes place and the re- 
version is practically complete, notwithstanding the presence of a 
large excess of alkali bisulphite. 

No indication could be obtained of any formation of a disulphite. 
Similar behaviour is shown by 4-sulpho-5-nitro-2-hydroxy-a-naphth- 
aleneazo-$-naphthol (Eriochrome Black A, Geigy). 

On the contrary, 5-sulpho-2-hydroxybenzeneazo-$-naphthol 
(Solochrome Violet R), which contains similarly oriented hydroxy- 
groups, only one of which, however, is naphtholic, yields a mono- 
sulphite which crystallises unchanged from bisulphite solution heated 
even to boiling point. 

Also the bisulphite compounds of a number of other mono-azo- 
derivatives containing only one $-naphthol group (J., 1929, 601) 
do not exhibit this reversion, which is thus apparently associated 
in some way with the potential activity of the second hydroxy- 
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group, rather than caused by a simple splitting off of the bisulphite 
molecule originally added. 

This failure to observe any disulphite formation is additional 
evidence in support of the view previously expressed (see above ref.) 
that the azo-sulphites are definitely of hydrazone- and not azo- 
structure. The much greater rate of fading of the azo-sulphites 
compared with the original dyes (King, J. Soc. Dyers & Cols., August, 
1928) also supports a difference in structure. 

On the other hand, the formation of disulphites is usually realisable 
with dis-azo-compounds containing two @-naphthol nuclei. 

Thus with sodium diphenyldisazobis-$-naphthol-8-sulphonate 
(Bordeaux extra, Bayer) each hydroxy-group can ketonise in- 
dependently of na “em and a disulphite is “ore ; 


SO,Na NaO, 
bbe pee 
SO,Na NaO,S 
OH O-SO,Na . OH O-8O,Na 
soe NaO, 


Sodium 2:5: 2’: 5’-tetramethyltriphenylmethane-4 : 4’-disazobis- 
8-naphthol- 3: 6-disulphonate (Brilliant Carmine L., B.D.C.) 
similarly yields a disulphite. These show marked stability towards 
further action of bisulphite, and even hydrosulphite, though the 
latter readily reduces the parent colours. Attempts to isolate the 
monosulphite failed. Sodium 2 : 2’-disulphodiphenyldisazobis- 
8-naphthol (Coomassic Milling, Scarlet, G, B.D.C.), on the other 
hand, gives a well-defined monosulphite, but the disulphite was not 
isolated. In this case the sulpho-groups are adjacent, but one would 
scarcely be expected to interfere more than the other. 

The observation that where both the nitrogen linkages are “ pro- 
tected ’’ the fission effect found with the sulphites of the dis-azo- 
compounds previously described (preceding paper), ascribed to the 
azo-linkage being reduced, but not the hydrazone linkage, does not 
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occur, is a further contribution to these studies of constitutional 
influences on the action of sulphur dioxide upon azo-dyes. 

Eriochrome Blue Black R.C. has the additional interest of illustrat- 
ing how the same azo-linking can be sulphite-forming or reducible, 
with bisulphite, under appropriate conditions. 

As already stated, this azo-sulphite reverts to the original dye 
when the temperature of the solution is raised, and after some hours’ 
heating of the diluted solution complete reduction of the nitrogen 
link results. That this reduction is not detected with azo-dyes which 
readily form azo-sulphites is accounted for by the fact that usually 
azo-sulphite formation proceeds far more rapidly than reduction. 

This is supported by the behaviour of Ponceau 2 R.E., which, 
as previously pointed out (J., 1929, 608), forms an azo-sulphite only 
with difficulty. . After some hours’ heating on the water-bath with 
bisulphite, in addition to formation of azo-sulphite, the fission 
products were found to be present in appreciable quantity. In this 
connexion it is noteworthy that on wool fabric dyed with this dye, 
“ spotting ” with the “active range” bisulphite reagent (King, 
J. Soc. Dyers and Cols., 1928, 44, 14) produces in the cold no sign 
of the off-shade effect through azo-sulphite formation characteristic 
of B-naphtholic azo-dyes in general. When placed in the steam- 
oven, however, the dye is rapidly bleached from the fabric at the 
spot where the reagent was applied. 


ExPERIMENTAL. 


Sodium 4-sulpho-2-hydroxy-«-naphthaleneazo-8-naphthyl sulphite 
was obtained by maintaining the bisulphite—pyridine reaction 
mixture at not above 50° for an hour or so and isolating the product 
as previously described. It may also be crystallised direct from 
the filtered bisulphite—pyridine liquor, and forms an orange-red 
crystalline powder, tending to cake in the air (Found : S as sulphite, 
6-25. ©,.H,,0,N,8,Na, requires 8, 6-2%). 

Sodium  4-sulpho-5-nitro-2-hydroxy-«-naphthaleneazo-g-naphthyl 
sulphite was obtained in similar manner to, but less readily than, 
the foregoing, as a full-brown crystalline powder (Found: 8 as 
sulphite, 5-8. C,.H,,0,)N,S,Na, requires S, 5-7%). 

Sodium 5-sulpho-2-hydroxybenzeneazo-B-naphthyl sulphite readily 
salts out from the reaction mixture as a buff crystalline powder, 
stable to bisulphite solution at 100° (Found: § as sulphite, 7-1. 
C,gH,,0,N,S,Na, required 8, 6-8%). 

Sodium diphenyldisazobis-8-sulpho-B-naphthyl disulphite salts 
out readily as an orange-red crystalline powder (Found: § as 
sulphite, 7-0. C,,H,.0,,N,8,Na, requires 8, 7-1%). 

Sodium 2:65: 2': 5’-tetramethyltriphenylmethane-4 : 4'-disazobis- 
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3 : 6-disulpho-B-naphthyl disulphite was easily formed from aqueous 
bisulphite solution, on cooling, as a bright orange-red crystalline 
powder (Found: § as sulphite, 5-1. C,,;H,,0,.N,8,Na, requires 8, 
51%). 

Sodium 2: 2'-disulphodiphenyldisazobis-8-naphthyl sulphite was 
formed readily in the aqueous reaction mixture and salted out as a 
bright orange crystalline powder (Found: 8, 3-9. C3,H,,0,,;N,8,Na, 
requires 8,4-0%). Further treatment with bisulphite gave a product 
somewhat paler in colour than the monosulphite, with 8, 46%, but 
the pure disulphite (S as sulphite, 7-1%) was not isolated. 


Woot Invustrres ResearcH ASSOCIATION, 
HeaDinetey, LEEps. [Received, Sairetil, 11th, 1932.] 








170. Researches on Ammines. Part V. Dihydroxo- 
tetramminocobaltic Hydroxide and its Derivatives. 


By Hersert JoserH Seymour Kine. 


Jos (Compt. rend., 1920, 170, 843; 1922, 174, 613) added alkali 
hydroxide gradually to diaquotetramminocobaltic sulphate and 
chloride, and concluded, from measurements of electrical con- 
ductivity and of the Z.M.F. produced on contact with a platinum 
wire, that no hydroxyl ions were present until more than 2 equivs. 
of alkali had been added. Hence, when 2 equivs. of alkali are 
present, the solutions should contain salts of the dihydroxotetr- 
amminocobaltic series, none of which, however, have been prepared : 


[Co(NH,),(H,O),]X,-+ 2ROH = [Co(NH,),(OH),JX + 2RX -++ 2H,O 


The purpose of this investigation was to verify the existence of 
this complex ion, and if possible to isolate its salts. 

The filtrate from the interaction of diaquotetramminocobaltic 
sulphate and 2 equivs. of barium hydroxide was treated with 1 mol. 
of ammonium picrate, yielding a precipitate of tris(dihydroxotetr- 
amminocobaltic)cobaltic picrate. Salts of this series are prepared 
from diaquotetramminocobaltic salts by treatment with alkalis, or 
from solutions of hydroxoaquotetramminocobaltic salts by spontane- 
ous decomposition. This result, therefore, suggested that the 
filtrate originally contained not dihydroxo- but hydroxoaquo- 
tetramminocobaltic sulphate, which decomposed during filtration : 


4(Co(NH,),(H,0)(OH)]SO, ray [Co{Co(NH,),(OH).}3](SO4)3 tr 
(NH,).S0, + 2NH, + 2H,0. 
_ As filtration was tedious, and the solution necessarily somewhat 
dilute, this reaction was not further examined. 
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When diaquotetramminocobaltic chloride is triturated with an 
excess of moist silver oxide, a deep-red alkaline filtrate is obtained, 
which, if Job’s views be correct, should contain dihydroxotetr- 
amminocobaltic hydroxide, and should yield a salt of this series 
when treated with 1 equiv. of an acid. Concentrated solutions of 
this hydroxide were mixed with 1 equiv. of hydrochloric, nitric, or 
sulphuric acid, and the ice-cold liquids were treated with excess of 
alcohol and ether. The first two acids yielded only oils which did 
not solidify, but sulphuric acid gave a brown precipitate of tris- 
(dihydroxotetramminocobaltic)cobaltic sulphate. When 2 equivs. 
of nitric acid were employed, hydroxoaquotetramminocobaltic 
nitrate readily separated. Evidently the dihydroxotetrammino- 
cobaltic salts of these acids, if they exist at all, are too soluble to be 
obtained in this way. It was shown in Part I (J., 1924, 125, 1336) 
that when 2 : 4-dinitro-«-naphthol-7-sulphonic acid solution was 
added to a solution of hydroxopentamminocobaltic hydroxide, the 
hydroxopentamminocobaltic salt was precipitated in place of the 
expected aquopentammine, even when excess of the precipitant was 
employed. A similar result was obtained on precipitating hydroxo- 
pentamminochromic hydroxide with excess of picric acid or ammon- 
ium dipicrylamide. It appeared therefore that these acids, whose 
salts with cobaltammine bases are very sparingly soluble, would be 
particularly likely to react with the hydroxide derived from diaquo- 
tetramminocobaltic chloride, with precipitation of dihydroxo- 
tetramminocobaltic salts. It was found that 1 equiv. of 2 : 4-dinitro- 
«-naphthol-7-sulphonic acid yielded no precipitate with the hydr- 
oxide, while 2 equivs. yielded the hydroxoaquotetrammino-salt. 
One mol. of picric acid yielded the picrate of the same base, and 1 mol. 
of ammonium dipicrylamide gave tris(dihydroxotetramminocobaltic)- 
cobaltic dipicrylamide. In the last case the primary product was 
probably the hydroxoaquotetrammino-salt, and this was decomposed 
by the liberated ammonia, for by treating the hydroxide with 1 mol. 
of nitric acid before adding the ammonium dipicrylamide, hydroxo- 
aquotetramminocobaltic dipicrylamide was obtained. When the 
hydroxide solution, to which 1 mol. of nitric acid had been added, was 
treated with sodium dithionate, it yielded tris(dihydroxotetr- 
amminocobaltic)cobaltic dithionate on standing. These results 
suggested that the hydroxide contained, not dihydroxotetrammino-, 
but hydroxoaquotetrammino-cobaltic hydroxide, since all the salts 
obtained from it by treatment with 1 equiv. of acid were hydroxo- 
aquotetrammines or their decomposition products. 

The nature of the hydroxide and its derivatives was then investig- 


ated by measurement of electrical conductivities. The hydroxide - 


can be formulated as 














ee i | i ee i 


— ee oO 








KING : RESEARCHES ON AMMINES. PART V. 1277 


























(1) dihydroxotetramminocobaltic hydroxide, [Co(NH,),(OH),JOH, 
(2) hydroxoaquotetramminocobaltic hydroxide, 

Co[(NH3),(H,0)(OH)](OH),, 

or (3) diaquotetramminocobaltic hydroxide, [Co(NH,),(H,O),](OH)s. 


Lamb and Yngve (J. Amer. Chem. Soc., 1921, 43, 2358) obtained 
values for its electrical conductivity at 0° which would be normal for 
the first formula, but would indicate an ionisation one-half or one- 
third respectively of the normal figure for a cobaltammine base of 
the second or third formula. Three values were recorded, but these 
decreased with increasing dilution. The conductivity of the solution 
was therefore reinvestigated, purer water being used, and four values 
were obtained which increased normally with dilution and could 
be extrapolated to zero concentration, giving a limiting conductivity 
of 126-6 mhos at 0°. From measurements of the conductivity of 
the nitrate and bromide, the mobility of the hydroxoaquotetrammino- 
cobaltic ion was found to be 60-8 at 0°, giving 270-8 for the limiting 
conductivity of hydroxoaquotetramminocobaltic hydroxide. Lamb 
and Yngve (loc. cit.) estimate that the mobility of the diaquotetr- 
amminocobaltic ion at 0° is 154, giving 469 for the limiting con- 
ductivity of diaquotetramminocobaltic hydroxide. Thus formule 
(2) and (3) were conclusively disproved, and the hydroxide must 
consist almost entirely of dihydroxotetramminocobaltic hydroxide. 
The mobility of the dihydroxotetramminocobaltic ion at 0° is 
126-6—105 = 21-6 mhos. 

Striking confirmation of this result was obtained by treating the 
hydroxide with 1 equiv. of hydrochloric acid and measuring the 
electrical conductivity, at various concentrations, of the resulting 
solution of dihydroxotetramminocobaltic chloride. Extrapolation 
of these results to zero concentration gave a limiting conductivity 
of 64-1 and a mobility for the dihydroxotetramminocobaltic ion at 
0° of 23-0, agreeing well with the value 21-6 deduced directly from 
the conductivity values for the hydroxide. Ionic mobilities of other 
univalent cobaltammine kations at 0° lie between 18 and 30, whilst 
those of similar bivalent kations lie between 73 and 77 (see Part IT, 
J., 1925, 127, 2109, and Lamb and Yngve, loc. cit.). This result 
affords independent confirmation of the conclusion drawn from 
measurements of the conductivity of the hydroxide, for if the 
hydroxide had been that of the hydroxoaquotetrammino- or diaquo- 
tetrammino-cobaltic series, with an abnormally low ionisation, the 
conductivity values after treatment with 1 mol. of hydrochloric acid 
would have been considerably higher than those obtained. 

. Thus the evidence derived from conductivity measurements 
establishes the existence in solution of dihydroxotetrammino- 
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cobaltic hydroxide and its salts. The fact that no solid salts of the 
series can be isolated is presumably due to their solubility being 
much higher than that of the corresponding hydroxoaquo- 
tetrammines. 

EXPERIMENTAL. 

Unless otherwise stated, the compounds were precipitated in the 
cold and, before analysis, were washed successively with alcohol 
and ether and kept over-night in a vacuum over soda-lime. 

Interaction of Diaquotetramminocobaltic Sulphate and Barium 
Hydroxide.—Diaquotetramminocobaltic sulphate (5 g.) was shaken 
with 2 equivs. of cooled barium hydroxide solution, and the filtrate, 
which smelt of ammonia, was tréated with ammonium picrate 
(1 mol.), yielding an immediate precipitate of tris(dihydroxotetr- 
amminocobaltic)cobaltic picrate (3-4 g. of large yellow needles). 
Found: Co, 11:2; NH,, 10-0; N, 20-9; H,O, 6-6. 

[Co{Co(NH,),(OH).}3](CgH,0;N,),.7H,0 
requires Co, 11-6; NH,, 10-0; N, 20-6; 7H,O, 6:2%. Water was 
estimated by finding the loss in weight on heating for 3 hours at 85°, 
allowance being made for ammonia lost. 

Hydroxoaquotetramminocobaltic Salis.—2 : 4-Dinitro-«-naphthoxide- 
7-sulphonate. Moist silver oxide (from 10 g. of nitrate) was cooled 
to 0° and triturated for 4 mins. with 2-5 g. of diaquotetrammino- 
cobaltic chloride. After filtration, the residue was washed with 
ice-cold water, and the resulting hydroxide solution was treated with 
a solution of 3-4 g. (2 equivs.) of trihydrated 2 : 4-dinitro-«-naphthol- 
7-sulphonic acid. The precipitate (5-2 g. of yellow plates) was 
washed with water and dried in a vacuum over soda-lime for 3 days 
{Found : Co, 12-1; NH, 13-6; N, 17-2. 

[Co(NH,),(H,0)(OH)(CypH,0,N,8),H,0 
requires Co, 12-0; NH, 13-8; N, 171%}. When heated for 3 
hours at 85°, the salt lost 2% of its ammonia and 1 mol. of water— 
probably that in the complex. When the hydroxide was treated 
with 1 equiv. of the sulphonic acid, no precipitate was obtained. 

Picrate. 4 G. of diaquotetramminocobaltic chloride were con- 
verted into the hydroxide, which was treated with 2-4 g. (1 mol.) of 
picric acid in 300 c.c. of water, yielding an immediate precipitate 
(4:2 g. of yellow needles). The filtrate gave a further copious 
precipitate with picric acid. The original precipitate was collected 
and analysed {Found : Co, 9-9; NH,, 107; N, 22-6. 

[Co(NH,),(H,O)(OH)](C,H,O,N;), 
requires Co, 95; NH,, 11-0; N, 22-7%}. A purer product was 
obtained by using 2 mols. of picric acid (Found : Co, 9-8; NH,, 11/1; 
N, 22-9%). ‘ 
Dipicrylamide. This salt was obtained as a scarlet precipitate 
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when the hydroxide was treated successively with 1 mol. each of 

nitric acid and ammonium dipicrylamide. The product was washed 

with water only, being somewhat soluble in alcohol and readily 

soluble in ether {Found : Co, 6-1; NH, 6-6; N, 24-0. 
[Co(NH;),(H,O)(OH)](C,,H,O,.N7), 

requires Co, 5-7; NH, 6-6; N, 24:3%}. 

Tris(dihydroxotetramminocobaltic)cobaltic  Salts.—Dipicrylamide. 
This compound was obtained, with liberation of ammonia, as a 
scarlet precipitate when the foregoing hydroxide was treated with 
1 mol. of ammonium dipicrylamide. It was washed with water 
{Found : Co, 7-4; NHs, 6-5; N, 23-6. 

[Co{Co(NH,),(OH),}3I(CisH,012N7), 
requires Co, 7-4; NHsg, 6-4; N, 23-9%}. 

Dithionate. The tetrahydrate, described-by Jorgensen (Z. anorg. 
Chem., 1898, 16, 193), was obtained when the hydroxide was treated 
successively with 1 mol. of nitric acid and 1 equiv. of sodium 
dithionate, large brown needles separating on standing (Found : 
Co, 21-5; NHg, 18-4: Cale.: Co, 21-6; NHg, 18-7%). 

Hydroxoaquotetramminocobaltic Salts.—The nitrate, which Werner 
(Ber., 1907, 40, 4115) prepared by saturating the solution of the 
bromide of the series with sodium nitrate, was conveniently obtained 
in quantity by treating ice-cold dihydroxotetramminocobaltic 
hydroxide (from 5 g. of the diaquo-chloride) with 2N-nitric acid 
(2 mols.). Gradual addition of 400 c.c. of cooled alcohol yielded a 
precipitate of long reddish-violet needles, and crystallisation was 
completed by addition of ether (yield 3-8 g.) (Found: Co, 20-6; 
NH,, 23-6; N, 29-1. Cale.: Co, 20-6; NH, 23-8; N, 29-4%). 
The compound was readily soluble in concentrated ammonia. 

The corresponding bromide was not obtained pure by Werner’s 
method (loc. cit.), but was readily prepared in 50% yield by dis- 
solving the nitrate of the series in 2 parts of ammonia (d 0-880) and 
2 of water, shaking the solution with 24 parts of solid ammonium 
bromide, and washing the crystalline precipitate free from ammon- 
ium bromide with methyl alcohol (Found: Co, 18-6; NHg, 21-4; 
Br, 49-1. Cale. : Co, 18:3; NH, 21-2; Br, 49-6%). 

Electrical Conductivities—It was shown in Part IT (loc. cit., p. 2105) 
that salts of bivalent cobaltammine and chromammine kations give, 
for the dilution range 32—1024 litres, a rectilinear 1—C* graph, and 
this rule has been found to apply also to hydroxoaquotetrammino- 
ecobaltic nitrate and bromide. For dihydroxotetramminocobaltic 
chloride, the same graph was rectilinear up to a dilution of 2614 
litres, but, at greater dilutions, it fell below the actual conductivity 
values. These values, which are in parentheses in the tables, were 
doubtless affected by hydrolysis, and were ignored in the calculation 
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of 2... The graph for dihydroxotetramminocobaltic hydroxide was 
rectilinear up to a dilution of 263-8 litres. Resistances were measured 
by the Kohlrausch method, the bridge being replaced by a Post 
Office box. The specific conductivity of the water was 0-59 to 
0-67 x 10-* mho at 0°. 

Conductivity Data.—The dilution v is given in litres per mol., and 
the molecular conductivity »in mhos. The conductivities at infinite 
dilution were obtained by means of the 1/a-(ca)"-! graph (Noyes 
and Coolidge, Carnegie Inst. Pub., No. 63, 50). 

Hydroxoaquotetramminocobaltic salts. 


O waeeesseseeteanssseeesnnnsnee 32 64 128 256 512 1024 
do 

{Colt ,(H,0)(0H)}(N0,), 99-8 109-9 117-5 123-2 128-1 131-8 141-7 
foo NH,),(H,0)(OH)]Br, es — 116-3 123-7 129-6 134-7 137-0 146-9 


A fresh solution was prepared for each measurement. The recorded 
data are the means of two identical or closely concordant results. The 
aqueous solutions of these salts were quite stable at 0°, but it was not 
possible to take readings at 25°, owing to rapid decomposition. 

Dihydroxotetramminocobaltic hydroxide, [Co(NH,),(OH),JOH. 
@  seccccceseccces 31-23 65-96 125-0 263-8 511-0 1002 oe) 
Raf! ssoscscosees 117-9 120-4 121-8 122-8 121-5 =113-7 _— 
Age (corr.) ... 118-0 1206 122-2 123-6 (123-0) (116-6) 126-6 

The hydroxide solution was prepared as described on p. 1278, 
conductivity water at 0° being used. A fresh solution (app. M/32) 
was prepared for each measurement, and its concentration was 
determined by an ammonia estimation. After cooling to 0° and 
dilution to the required concentration with conductivity water at 
0°, the conductivity was determined immediately. A positive water 
correction was applied (Lamb and Yngve, loc. cit.). Lamb and 
Yngve’s results were slightly lower than those now recorded (4 = 
116-4 mhos at v = 152). 

Dihydroxotetramminocobaltic chloride. 
© ‘sscccvovcveveds 33-98 67-96 79-94 159-9 261-4 624-4 1036 co) 
Dep. ( caeasdbafee 52:25 55-08 55-71 57-72 659-32 (61-16) (69-60) 64-10 
An approximately M /32-hydroxide solution was prepared at 0°, and 
its concentration was determined by estimation of ammonia in 10 
c.c., after which the remainder was treated with the calculated 
amount of N/10-hydrochloric acid. After dilution with conduc- 
tivity water at 0° to the required concentration, the conductivity 
was determined immediately, for, with the more dilute solutions, it 
increased on standing. 

Ionic Mobilities (at 0°).—Hydroxoaquotetramminocobaltic ion. The 
data for the nitrate and bromide gave mobility 60-9 and 60-7 (n = 
1-50 and 1-52). The mean value 60-8 has been adopted. The 
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value obtained in Part IT (loc. cit.) for the mobility of the hydroxo- 
pentamminocobaltic ion at 0° was 76-6, so that replacement of an 
ammonia by a water molecule has reduced the mobility of the 
bivalent kation by 15-8 mhos. 

Dihydroxotetramminocobaitic ion. The data for the hydroxide 
and chloride give mobility 21-6 and 23-0 mhos (n = 1-52 and 1-50). 
The latter value has been adopted. The values employed for the 
mobilities of the anions were Cl’, 41-1; Br’, 43-1; NO,’, 40:4; 
OH’, 105-0. 


NoRTHERN Potyrecunic, Lonpon, N.7. ([Received, March 8th, 1932.] 





171. Synthesis of Derivatives of Myristicin. 


By Witson Baker, Louvre VALERIE MonTGOMERY, and Hi~ary 
AnNoT SMITH. 


THE naturally occurring substance myristicin (3-methoxy-4 : 5- 
methylenedioxy-Il-allylbenzene) has been used as the starting 
material in the synthesis of the alkaloid narcotine and the anhalonium 
(cactus) alkaloid lophophorine. The syntheses have actually started 
from myristicinaldehyde (3-methoxy-4 : 5-methylenedioxybenzalde- 
hyde) (IV) produced by isomerisation of myristicin to isomyristicin 
and subsequent oxidation; the preparation of the cotarnine frag- 
ment of narcotine was effected by Salway (J., 1910, 97, 1208) and 
Decker and Becker (Annalen, 1913, 395, 328) (the combination of 
cotarnine with meconine being first achieved: by Perkin and Robin- 
son, P., 1910, 26, 46, 131), and that of lophophorine by Spath and 
Gang] (Monatsh., 1923, 44,103). Both these syntheses are, however, 
incomplete, in that neither myristicin nor any of its derivatives has 
yet been synthesised. The present communication describes the 
synthesis of myristicinaldehyde and some related compounds. 

The completion of the synthesis of narcotine receives an added 
interest in the recent work of Rygh, Rygh, and Laland (Z. physiol. 
Chem., 1932, 204, 105; Laland, ibid., p. 112; Rygh and Rygh, «id., 
p. 114), which indicates that /-narcotine may be the precursor of the 
antiscorbutic vitamin-C.* 


OMe OMe CHO 
H 0 
Oss (Spoon NO Coa (IV.) » (Jone 
(I.) (Ii.) (III.) 


* (Note added in proof.) Doubt has recently been expressed, however, by 
Smith and Zilva as to the correctness of this work. (See J. Soc. Ohem. Ind., 
1932, 51, 166.) 
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Pyrogaliol 1-methyl ether (I) was readily prepared by oxidation 
of o-vanillin with hydrogen peroxide in N-alkali solution (Dakin, 
Amer. Chem. J., 1909, 42, 477), and methylenation of this compound 
with methylene sulphate (Baker, J., 1931, 2542) yielded 1-methozy- 
2 : 3-methylenedioxybenzene (II) in excellent yield. Substance (II) 
was also prepared in small quantity by partial methylation of pyro- 
gallol and subsequent methylenation without isolation of any inter- 
mediate product. Nitration of (II) readily yielded 5-nitro-1-meth- 
oxy-2 : 3-methylenedioxybenzene (III), but attempts to prepare 
myristicinic acid through the corresponding amino-compound by 
diazotisation were unsuccessful. 

The synthesis of myristicinaldehyde (IV) was effected by the 
action of methylene sulphate and alkali on 4 : 5-dihydroxy-3- 
methoxybenzaldehyde (Bradley, Robinson, and Schwarzenbach, J., 
1930, 811), and a direct comparison was made of the synthetic 
aldehyde with the aldehyde prepared from myristicin [Salway, J., 
1909, 95, 1208; the convenient method of oxidising isoapiole and 
asarone to the corresponding aldehydes by means of ethyl nitrite and 
hydrochloric acid devised by Fabinyi and Széki (Ber., 1917, 50, 
1338) does not work satisfactorily with isomyristicin]. The synthetic 
aldehyde was also oxidised to myristicinic acid. 


EXPERIMENTAL. 

Pyrogallot 1-Methyl Ether (1).—o-Vanillin (15 g.), dissolved in 
N-sodium hydroxide (97 c.c.), was treated with 3°/ aqueous hydrogen 
peroxide (46 c.c.; 1-25equivs.); rise of temperature occurred and the 
solution darkened. After } hour, a slight excess of dilute sulphuric 
acid was added, then sodium bicarbonate to produce alkalinity, and 
the solution was repeatedly extracted with ether. The extracts, 
dried by sodium sulphate and evaporated, yielded an oil, of which 
the fraction, b. p. 140—160°/25 mm., solidified, and separated from 
ligroin in colourless prisms, m. p. 39—41°. The diacetate, obtained 
by boiling with acetic anhydride and sodium acetate, separated from 
alcohol in colourless needles, m. p. 91—93°. Herzig and Pollak 
(Monatsh., 1904, 25, 99) give m. p. 38—41° and 91—93° respectively. 

1-Methoxy-2 : 3-methylenedioxybenzene (II).—(A)  Pyrogallol 
1-methyl ether (13 g.) in 50% aqueous acetone (100 c.c.) containing 
sodium hydroxide (12 g.) was slowly treated with methylene 
sulphate (12 g.) in an atmosphere of coal gas. The mixture was kept 
at 45° for 1 hour, diluted, and extracted with ether. The extracts 
left a product which at once crystallised and was purified by distil- 
lation (b. p. 215—230°; yield, 10 g.). Crystallisation from ligroin 
gave colourless needles, m. p.41° (Found : C, 63-3; H,5-1. C,gH,0; 
requires C, 63-2; H, 5-3%). 
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(B) To a stirred mixture of pyrogallol (126 g.), water (500 c.c.), 
and methyl sulphate (69 g.) was slowly added a solution of sodium 
hydroxide (44 g.) in water (200 c.c.), air being excluded by coal gas. 
After 4 hour’s stirring, the liquid was heated on the water-bath for 
2 hours and cooled. Acetone (250 c.c.) and methylene sulphate 
(121 g.) were now added and a solution of sodium hydroxide (90 g.) 
in water (200 c.c.) was slowly introduced into the mixture, which was 
stirred for several hours. After being made strongly alkaline, the 
liquid was submitted to steam distillation. The colourless solid 
(5-3 g.) in the distillate crystallised from ligroin in needles, m. p. 41°, 
which was not depressed on admixture with a specimen made by 
method (A). 

5-Nitro-1-methoxy-2 : 3-methylenedioxybenzene (III),—The _ pre- 
ceding compound (5 g.) in glacial acetic acid (25 c.c.) was treated with 
a solution of nitric acid (5 c.c.; d 1-5) in acetic acid (20 c.c.) at 0°. 
After 2 hours, the partly crystalline mixture was treated with water 
and the solid was collected and crystallised first from alcohol (yield, 
4-1 g.) and then from ethyl acetate, being obtained in almost colour- 
less prisms, m. p. 146—148° (Found: N, 7:3. Cale. for C,H,0;N : 
N, 7:1%) (Salway, J., 1909, 95, 1161, records m. p. 143—144°). 
Reduction with stannous chloride and hydrochloric acid gave a poor 
yield of the corresponding amino-compound, which separated from 
water in colourless leaflets, m. p. 82—86° (Salway records m. p. 85— 
86°). 

Myristicinaldehyde (3-Methoxy - 4 : 5 - methylenedioxybenzaldehyde) 
(IV).—4 : 5-Dihydroxy-3-methoxybenzaldehyde (10 g.) in a solution 
of potassium hydroxide (22 g.) in water (50 c.c.) was treated with 
methylene sulphate (15 g.) in portions at about 50°. The mixture 
was diluted, warmed for } hour, and the aldehyde isolated by steam 
distillation as a crystalline solid (0-5 g.). By crystallisation from hot 
water it was obtained in colourless needles, m. p. 131°, either alone or 
when mixed with a specimen of myristicinaldehyde prepared from 
natural myristicin (Found: C, 60-3; H, 4-5. Cale. for C,H,0,: C, 
60-0; H, 44%). 

The synthetic aldehyde was oxidised by a hot dilute alkaline 
solution of potassium permanganate, and yielded a carboxylic acid 
which separated from hot water in colourless needles, m. p, 209—210° 
(alone or mixed with myristicinic acid, m. p. 209—-210°, prepared 
from natural myristicin). 


Tue Dyson Prerrins LABORATORY, 
OxFoRD. [Received, February 18th, 1932. 
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172. The Vapour Pressure of Water over Aqueous 
Solutions of the Chlorides of the Alkaline-earth 
Metals. Part IV. Evaluation of Activity Co- 
efficients. 

By Jack Reeinatp Irons HEPBURN. 


THE adoption by Debye and Hiickel, in the interionic theory of 
electrolytes, of Lewis’s activity concept has given an impetus, 
particularly in America, to the determination of activity coefficients 
for electrolytes in aqueous solution. The available data are some- 
what incomplete and fragmentary (see, e.g., Lewis and Randall, 
“* Thermodynamics,” 1923, p. 362; Randall, Trans. Faraday Soc., 
1927, 23, 502). Nevertheless, in order to make full use of the 
activity coefficient, it is important that this shall be known over the 
whole range of concentration, and not merely over the limited range 
hitherto studied in most cases. 

The lack of experimental data for moderately concentrated 
solutions is occasioned by the methods which have been employed 
to determine activity coefficients. Of those enumerated by Randall 
(loc. cit., p. 503), the freezing-point method has been most used, 
since this yields the most accurate results in dilute solutions; in 
addition, it appears to be the only satisfactory method permitting 
of extrapolation to infinite dilution. Troublesome corrections, 
however, involving a knowledge of thermal data, are necessary for 
more concentrated solutions. The final results relate to 0°, whereas 
most other figures for comparison are at 18° or 25°. It does not 
seem, therefore, that this method is well adapted for determining 
activity coefficients in more concentrated solutions. . 

The boiling-point method is very much less accurate ; it is subject 
to corrections in the case of the more concentrated solutions, similar 
to those to be applied in the case of the freezing-point method; in 
addition, the results obtained are at the b. p. of the solvent. 

The #.M.F. method is applicable to concentrated as well as to 
dilute solutions. It has yielded concordant results for the latter in 
the hands of different investigators, but these results do not always 
agree with those obtained by other methods. With more con- 
centrated solutions, deviations occur between the results of different 
investigators using this method. 

The method of determining activity coefficients from measure- 
ments of vapour pressure offers certain advantages over those 
previously mentioned. For instance, determinations may be made 
at any desired temperature, and, in addition, the results obtained 
are not subject to errors introduced through temperature corrections. 
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Lewis and Randall (op. cit., p. 331) state that in relatively concen- 
trated solutions vapour-pressure measurements furnish a very 
satisfactory means of determining the ratio of the activities of the 
solute between two concentrations. This method, however, does 
not appear to have been employed very widely hitherto for this 
purpose. Grollmann and Frazer (J. Amer. Chem. Soc., 1925, 47, 
712) have calculated the activity coefficients for sulphuric acid in 
aqueous solution from their vapour-pressure data at 25°, and 
Randall and White (ibid., 1926, 48, 2514) utilised the data of Love- 
lace, Frazer, and Sease (ibid., 1921, 43, 102) in obtaining the activity 
coefficients for potassium chloride at 20°. 

Method employed in computing Activity Coefficients.—According to 
the method employed in the present work, the activity, a,, of the 
solute is obtained from that, a,, of the solvent by employing the 
Gibbs—Duhem partial molal equation : 


d log. dg = — (N,/N,)dlog.a,. . . .« (I) 


where N, and N, represent the mol. fractions of the solvent and 
solute respectively. Integration between fixed temperature limits 
and conversion into common logarithms gives : 


log a,’ jag = — I (N,/Ne)d loga,. . . (2) 


Values of the expression on the right-hand side of equation (2) 
have been obtained by plotting N,/N, against log a, and determining 
the area enclosed by the curve between each pair of the given values 
of loga,. No experiments at sufficiently low concentrations are 
available from the present work to carry the curve to infinite dilution, 
and therefore an arbitrary value for a, must be assigned to the most 
dilute solution studied, from which relative values for the activities 
of the remaining solutions are derived. Putting a,=1 and 
log a, = 0 for the solution of lowest concentration (Table I), we 
obtain values of the relative activity ka, for the remaining solutions. 
Since each of the three electrolytes studied dissociates into three 
ions, the relative mean ionic activity coefficient will be given in each 


case by ves 
by=WiaJM.... . . 8) 


where M is the molality. 
Values of by for each electrolyte at various concentrations are given 
in col. 5 of Table I. These are proportional to the absolute activity 
coefficients y, which may be obtained from them by multiplication 
by a numerical factor. 
_ The vapour-pressure results in the more dilute solutions (viz., at 
concentrations less than 0-5M; compare Part I this vol., p. 557) 
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Taste I. 
Activity coefficients for the chlorides of the alkaline-earth metals in 
aqueous solution at 25°, calculated from vapour-pressure data. 


log a, 
M. N,/N3. =log p/p. log a,’ /a,. ky. y: 
1. Caleium chloride. 
0-494 112-4 —0-0088 _ 2-02 (0-502) 
0-635 87-4 0-0120 0-317 2-01 0-498 
0-796 69-7 0-0164 0-341 2-08 0-517 
1-000 555 0-0217 0-329 2-13 0-528 
1-504 36-9 0-0413 0-841 2-71 0-671 
1-985 28-0 0-0649 0-722 3°57 0-884 
2-495 22-25 0-0916 0-659 4-71 1-17 
2-990 18°57 0-1242 0-662 6-53 1-62 
2. Strontium chloride. . 
0-400 138-9 —0-0075 — 2-50 (0-427) 
0-600 92-6 0-0115 0-449 2-35 0-401 
0-995 558 0-0226 0-796 2-61 0-446 
1-495 37°15 0-0403 0-800 3-21 0-549 
2-246 24-74 0-0713 0-940 4-40 0-752 
2-872 19°34 0-1049 0-733 6-04 1-031 
3-245 17-12 0-1278 0-415 7°35 1-256 
3-403 16-32 01385 0-190 8-11 1-386 
3-517 15-80 0-1479 0-151 8-81 1-504 
3. Barium chloride. 

0-508 109-0 —0-0088 — 1-97 (0-394) 
0-606 91-6 0-0105 0-170 1-88 0-376 
1-007 55-1 0-0184 0-559 1-74 0-348 
1-285 43-2 00254 0-336 1-76 0-352 
1-568 35-4 0-0371 0-448 2-04 0-408 
1-655 33-6 0-0397 0-091 2-07 0-414 
1-788 31-1 00430 0-108 2-09 0-418 


have not been employed in the graphical evaluation of the relative 
activity coefficients, since, owing to the slope of the curve at these 
concentrations, it was impracticable to carry out the integration over 
this range. 

The variation in the activity coefficients with concentration is 
shown graphically in Fig. 1. The figures for all three salts pass 
through minimum values, following the normal behaviour of electro- 
lytes, as described by Harned (J. Amer. Chem. Soc., 1920, 42, 1808). 
Further, the curves are arranged in the order to be expected from 
the general behaviour of the three electrolytes considered, calcium 
chloride showing the highest relative activity coefficient throughout 
the whole range of concentration, and barium chloride the least. 

Calculations of ky have been made by the author from the vapour- 
pressure data of Dieterici (Ann. Physik, 1897, 62, 616) at 0° and 
Harrison and Perman at 80° (Trans. Faraday Soc., 1927, 23, 1) for 
aqueous solutions of calcium chloride. In neither case did the 
results indicate any minimum value in by. It appears from a study 
of the data that the degree of accuracy attained by these investig- 














rE FO OS ee eee 














OVER AQUEOUS SOLUTIONS OF CHLORIDES, ETO. PART IV. 1287 


ators is not sufficiently high for the purpose (compare also, Part I, 
p. 563). Similar remarks apply to the results of Tammann (Mem. 
Acad. Pet., 1887, 35, 7) on barium chloride at 100°, where a com- 
putation of ky did not lead to reasonable results. It therefore 
appears that none of the previous data on the salts studied in the 
present work is sufficiently accurate to permit of the evaluation of 
activity coefficients. 
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Comparison of the Results with those obtained from E.M.F. Data.— 
1. Calcium chloride. For this salt, activity coefficients derived from 
accurate freezing-point data over the concentration range studied 
by the author are not available, and therefore direct comparison to 
obtain absolute values of the activity coefficients is not possible. 
Figures derived from measurements of #.M.F’. are, however, directly 
comparable with those of the present work. 

Lucasse (J. Amer. Chem. Soc., 1925, 47, 745) obtained values for 
the activity coefficient at 25° over the concentration range 0-01— 
498M, from a study of the #.M.F. of concentration cells with 
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calcium amalgam electrodes. Fosbinder (ibid., 1929, 51, 1345) 
independently obtained values over the range 0-01—3-27M in 
connexion with a study of the calcium amalgam electrode in dilute 
aqueous solution, and Scatchard and Tefft (ibid., 1930, 52, 2265), 
employing similar methods, obtained a third set of values over the 
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range 0-01—1-5M during the compilation of comparative data for 
the chlorides of the bivalent metals. Each of these investigators 
obtained values of y by equating the observed relative value (i.e., 
ky) for a concentration of 0-01.M tothat obtained at thisconcentration 
by the accurate freezing-point method (viz., M = 0-01, y = 0-716). 
The value of ky at 0-5M in.the present work has been equated to 
that obtained by Lucasse at this concentration for y. By multi- 
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plication by the appropriate factor, this provides a series of values 
of y; these are plotted in Fig. 2, together with those obtained by the 
various investigators using the #.M.F. method. 

The figure shows that the minimum in y does not occur in the same 
position in each case: it is at 0-37, 0-3, and 0-24M according to 
Lucasse, Fosbinder, and Scatchard and Tefft respectively. The 
author’s figures show a minimum at 0-6M. Differences at higher 
concentrations are also shown in the figure, where the author’s 
results give the lowest curve. However, it will be observed that 
each curve, including that derived from the vapour-pressure data, 
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shows a distinct point of inflexion at a concentration between 0-8 
and 1M, which is presumably not due to experimental error. The 
origin of this effect is somewhat obscure; it was apparently attri- 
buted by Lucasse to experimental error. Reference to Fig. 1 (inset) 
shows that a corresponding point of inflexion occurs at the same 
concentration in the curve connecting molality with molecular 
lowering of vapour pressure. 

The comparison therefore shows that the results studied are in 
general qualitative agreement, in that each of the curves of Fig. 2 
shows a minimum value for y, and also is of the same form. Exact 
quantitative agreement is, however, lacking. 

2. Strontium chloride. Comparative data for this salt are 
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available from the Z.M.F. results of Lucasse (loc. cit.) over the con- 
centration range 0-01—3-015M. The plots of y against M (Lucasse) 
and ky against M (author) are very similar in form, the minima 
occurring at 0-55M on each curve. On the assumption that the two 
values (ky and y) are identical at a concentration of 0-4, the curve 
shown in Fig. 3 is obtained. The agreement is satisfactory. It will 
be noted that the results are in considerably better agreement than 
those for calcium chloride, including the figures at higher con- 
centrations. 

3. Barium chloride. The results for barium chloride may also be 
compared with data obtained from #.M.F. measurements by 
Lucasse (loc. cit.), covering the concentration range 0-01—1-65M 
(see Fig. 4). The author has equated his value for ky at a concen- 
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tration of 0-5M to that of Lucasse for y. The minimum in y occurs 
at approximately the same concentration as that found by Lucasse, 
but the author’s curve is steeper than Lucasse’s. The two curves do 
not agree so well as in the case of strontium chloride. 

It is unfortunate that Lucasse did not obtain values at concen- 
trations higher than 1-6M, since, as shown by the author’s curve 
(Fig. 4), there appears to be an abrupt falling off in the value of y as 
the solution approaches saturation. This result corresponds with 
the maximum value of p,, (the molecular lowering of vapour pressure) 
mentioned in Part II (this vol., p. 571), which occurs at the same 
concentration. It is of interest, therefore, that Foxton and Shutt 
(Trans. Faraday Soc., 1927, 23, 487) found a distinct falling off in the 
activity coefficient of zinc chloride at concentrations approaching 
saturation. Although the concentration ranges over which the 
effect occurs are far removed from each other in the two cases (viz., 
1-6—1-78M for barium chloride; 20—-26M for zine chloride), it is 
possible that the effect may be connected with the fact taat both 
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solutions are in the neighbourhood of saturation at these 
concentrations. 

Correlation of Data on Activity Coefficients with those on Molecular 
Lowering of Vapour Pressure.—The results now obtained may be 
considered in relation to the suggestions of Allmand (Trans. Faraday 
Soc., 1927, 23, 477) in a study of earlier work on vapour pressure and 
activity coefficients. These are based on the Gibbs—Duhem partial 
molal equation (p. 1285). He finds that for electrolytes (where the 
eurve connecting activity coefficients with molality passes through 
a minimum value) the curve connecting vapour pressure and molality 
should show a point of inflexion, and that connecting the molecular 
lowering of vapour pressure and molality should show a minimum ; 
these minima need not necessarily occur at the same concentration 
as the activity coefficient minima. 

These conclusions may be directly tested by comparing the values 
for y in the case of calcium, strontium, and barium chlorides with 
those for p,, recorded in Part II for the same solutions. The change 
in the slope of the curve connecting vapour pressure and molality 
with increasing concentration is so small that it is impossible to make 
a satisfactory comparison by using these magnitudes. No func- 
tional relation has to be assumed or derived between the values of 
y and M, since a graphical method of integration has been employed 
in evaluating y from the vapour-pressure data. 

Values of p,, for the three electrolytes were recorded in Part II, 
Table I. For convenience, the values over the concentration range 
0-5—1-5M are shown graphically in Fig. 1 (inset) of the present 
paper, together with the activity coefficients. The graph shows that 
in the case of barium chloride, p,, passes through a minimum value 
at a concentration slightly greater than 0-6M. For strontium 
chloride a minimum value also occurs, at approximately 0-5M. For 
calcium chloride no actual minimum is found, the value of »,, in this 
case appearing, however, to approach a minimum value. 

The p,, minima at a concentration below 0-5M for each of the 
electrolytes studied in the present work (compare Part II, p, 568) 
have not been included in the previous discussion, as already 
indicated (p. 1285). However, a provisional computation of y, 
including in the graphical integration the vapour-pressure data over 
the concentration range 0-2—0-5M, indicated that this p,, minimum 
gives rise to a point of inflexion in the curve connecting y with M for 
calcium chloride, and to a secondary minimum in this curve for 
strontium and barium chloride. These y minima also appeared to 
occur at almost the same concentration as the p,, minima. 

No evidence is provided by the H.M.F. data discussed above as to 
the existence of these effects. In any case, the point of inflexion 
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in the curve connecting y and M for calcium chloride is not pro- 
nounced, and any experimental determination indicating such a 
point of inflexion might well be overlooked in the attempt to obtain 
a smoothed curve from the #.M.F. data. 

In the case of strontium and of barium chloride, the only available 
E.M.F. data for comparison—those of Lucasse—are restricted to a 
limited number of observations. Thus, over the range 0-1—1M, 
they include observations at 0-1, 0-3, and 1M only. The position 
of the secondary minimum suggested by the author’s figures is such 
that it might be completely overlooked under these conditions. 


Summary. 

Activity coefficients have been evaluated from the vapour- 
pressure data at 25° for the chlorides of the alkaline-earth metals in 
aqueous solution. The values obtained are in general agreement 
with those derived from #.M.F. measurements by other workers, 
passing through minima at approximately the same concentration. 
A correlation of the molecular lowering of vapour pressure with the 
activity coefficients computed in the present work showed agree- 
ment with the suggestion of Allmand, in that a minimum in the 
activity coefficient corresponded with a minimum in the molecular 
lowering of vapour pressure. 


NORTHERN POLYTECHNIC, 
Lonpon, N. 7. [Received, January 25th, 1932.] 
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A Reaction of Fluworene. By AntTHony James Hamiwoop and 
Rospert RoBINson. 


FLUORENE condenses with nitrobenzene in the presence of metallic 


_ sodium with the formation of an azoxymethine (I or II) which may 


be termed fluorenylideneaniline oxide. 


-O 

C,H. C,H, - C,H, ~- 

: Sc=NPh I “\o<cNPh I “\c—SMe, 

C,H, Hy Be 
(I.) (II.) (III.) 

We prefer formula (I) as being the more natural and the more 
closely related to the azoxy-compounds and the nitro-compounds 
themselves, but (II) is not quite out of the question in view of the 
analogous substance (III) obtained by Ingold and Jessop (J., 1930, 
713). 

In any case it is evident that sodiofluorene does not react with 
nitrobenzene in analogous fashion to potassiocarbazole, which 
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furnishes p-nitrophenylearbazole (G. and M. de Montmollin, Helv. 
Chim. Acta, 1923, 6, 94). 

Hydrolysis of the. azoxymethine by means of boiling 40% sul- 
phuric acid affords fluorenone and, probably, p-aminophenol. 
Reduction gives fluorenylaniline (Staudinger and Gaule, Ber., 1916, 
49, 1951), which we have also prepared from fluorenyl chloride. 

Fluorenylideneaniline Oxide (I).—Fluorene (16-6 g.) was added 
to a suspension of finely granulated sodium (2-3 g.) in xylene (50 
c.c.) and, after the introduction of nitrobenzene (100 c.c.), the 
mixture was heated on the steam-bath for 8 hours. It was then 
cooled and poured into water (1200 c.c.), the liquid filtered, and the 
xylene and nitrobenzene removed by distillation in steam. The 
aqueous solution was decanted from the plastic residue, which was 
extracted with boiling alcohol (600 c.c.) and the extract concentrated 
to 150 c.c., cooled, and filtered. The filtrate was added to an 
equal volume of water, and the red spongy precipitate was collected 
and triturated with ether, which dissolved the red impurity. The 
crude azoxymethine crystallised from alcohol in transparent yellow 
needles (3-5 g.), m. p. 193° (Found: C, 841; H, 5-0; N, 5-2; M, 
in camphor, 279, 280. C,.H,,ON requires C, 84-2; H, 48; N, 
52%; M, 271). It was devoid of basic or acidic properties, and 
when 1 g. was refluxed for } hour with 40% sulphuric acid (25 c.c.), 
fluorenone was produced; it was isolated by means of benzene and 
recognised by its m. p. and properties. The aqueous acid solution 
exhibited the reactions of a solution of p-aminophenol, but this 
substance was not isolated. ; 

Fluorenylaniline.—(A) Solutions of fluorenylideneaniline oxide 
(1 g.) in alcohol (60 c.c.) and of sodium hydrosulphite (6 g.) in water 
(40 c.c.) were mixed and refluxed for 10 hours. On cooling, fluor- 
enylaniline separated in colourless needles, m. p. 122—123°. 

(B) A mixture of fluorenyl chloride (3-2 g.), anhydrous sodium 
acetate (2-5 g.), aniline (10 c.c.), and isoamyl alcohol (50 c.c.) was 
refluxed for 6 hours. The residue after steam distillation crystal- 
lised from alcohol in long colourless needles, m. p. 121—123° (Found : 
N, 5-5. Calc. for C,,H,,N: N, 5-5%). 

The acetyl derivative crystallised from alcohol in lozenge-shaped 
plates, m. p. 177° (Found: N, 4-9. C,,H,,ON requires N, 4-7%). 
The nitroso-derivative crystallised in buff needles, m. p. 104° 
(Found: N, 9-6. OC, 9H,,ON, requires N, 9-8%). 


The authors wish to thank Imperial Chemical Industries Limited 
for permission to publish these results.—British DyEsTuFFs 
Corporation, Liwirep, BuackiteEy, Manonester. (Received, 
February 17th, 1932.] 
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The Configuration of Phthalylbenzidine. By Evstack EBENEZER 
TURNER. 


Lz Fiver and Turner (J., 1926, 2476) showed that monophthalyl- 
benzidine, obtained by Koller (Ber., 1904, 37, 2880) by boiling an 
aqueous suspension of benzidine and phthalic anhydride, was 
N-4(4’-aminodiphenylyl)phthalimide (I), but Guglialmelli, Chanussot, 
and Ruiz (Anal. Asoc. Quim. Argentina, 1930, 18, 257) conclude 
that the primary product of the above condensation is (IL), this 
substance being very readily converted into (III), eg., by mere 
crystallisation from cyclohexanol, their main point being that the 


(I.) NHAC >< N<G9>Coll 


Ny AH 
(I GO,H C-C,H, (IL) 


en ity. 


crude condensation product dissolves slowly in 1% aqueous sodium 
hydroxide at 60—80°, the solution on acidification giving a preci- 
pitate of the substance they regard as (II). They stated that this 
substance could not be diazotised in dilute hydrochloric acid solution, 
which corresponds with (II). 

The present author finds that the condensation product does 
dissolve in warm stirred 1% sodium hydroxide solution, either 
before or after being crystallised from cyclohexanol, provided it is 
finely ground. Acidification of the solution obtained gives a 
gelatinous white precipitate, corresponding to the iminazole acid of 
Guglialmelli, Chanussot, and Ruiz. These authors attempted the 
diazotisation of their product in dilute hydrochloric acid, but their 
test would fail if applied to most weak bases. If sodium nitrite is 
added to a solution of the sodium salt, and the mixture is poured 
into dilute hydrochloric acid, diazotisation proceeds rapidly, and 
the suspension obtained couples excellently with §-naphthol in 
alkaline solution. The alkaline solution therefore contains the 
sodium salt of the phthalamic acid, 

NH,°C,H,C,H,"NH-CO-C,H,°CO,H, 
produced by scission of the imide ring in (I), and the gelatinous 
precipitate is the corresponding acid. 

Preparation of Phthalylbenzidine from Benzidine Phthalate. 
Benzidine phthalate was prepared by dissolution of benzidine (1 
mol.) in a boiling aqueous solution of 1 mol. of phthalic acid, filtra- 
tion, and cooling. After being dried at 100°, it contained acid 
and base in molecular proportion. 
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(1) The salt (20 g.) was added during 5 minutes to 100 c.c. of cyclo- 
hexanol, kept gently boiling. The solution was boiled for a further 
5 minutes; then it suddenly became a paste. Alcohol was rapidly 
added, and the suspension was cooled. Filtration, followed by 
washing with alcohol and drying of the solid at 100°, gave 11 g. of 
phthalylbenzidine, m. p. 303°. This was identified by conversion 
into the benzylidene and salicylidene derivatives, these being identi- 
fied in turn by hydrolysis with boiling 75°% sulphuric acid. 

(2) Benzidine phthalate was heated until water was no longer 
given off. The greenish-brown liquid set to a crystalline mass of 
phthalylbenzidine on cooling. 


The materials used in this work were purchased with a grant for 
which the author is indebted to the Royal Society.—Brprorp 
CoLLEGE, University or Lonpon. [Received, February 3rd, 1932.] 








ANNUAL GENERAL MEETING. 


HELD IN THE UNIVERSITY OF GLASGOW, 
ON 
Fripay, Marcu 18Tu, 1932, at 4 P.M. 


Tue President, Professor G. G. HenpERsoN, M.A., D.Sc., F.R.S., 
was in the Chair. 

The President referred to the illness of Prof. C. 8. Gibson, stating 
that he had received a letter from him conveying good wishes for 
the success of the meeting. On behalf of those present, the Presi- 
dent expressed great regret at Prof. Gibson’s absence. 

The Report of Council for 1931-1932, together with the Balance 
Sheets and Statements of Accounts for 1931, was presented by the 
President. 

The Treasurer, in making his statement, pointed out that the 
chief item of increased expenditure in the Accounts for the past 
year was due to the increase in the number of pages in the 
Journal. Notwithstanding the various economies that had been 
effected in 1931, particularly in regard to the Abstracts, the deficit 
amounted to £1221 9s. 6d. He had taken steps to reduce the 
expenditure as far as possible, but in view of the economies already 
provided for, it would, in his opinion, be difficult to balance the 
budget without impairing the activities of the Society. He, there- 
fore, urged Fellows to co-operate with the Council by doing their 
utmost to secure new Fellows, thus replenishing the yearly losses 
due to deaths and also to resignations which, as was the case with 
other Societies, had been unusually heavy in the year under review. 
The Treasurer made a special appeal to those Fellows whose annual 
subscriptions had fallen into arrear, to pay the arrears due even at 
the cost of personal sacrifice. In conclusion, he expressed the hope 
that at the next Annual General Meeting he would be in a position 
to report that the Society had overcome its financial difficulties. 


Report oF Counor, 1931—1932. 
I. Fellowship Statistics. 


THE number of Fellows at the 3lst December, 1930, was 3840. In 
1931, 165 new Fellows were elected and 7 reinstated (as against 160 
and 5, respectively, in 1930) making a gross total of 4012. The 
Society lost 61 Fellows by death, 97 Fellows resigned, and the 
names of 79 were removed from the List of Fellows for non- 
payment of annual subscriptions (the corresponding figures for 
the previous year being 37,108, and 105, respectively). The number 
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of Fellows at the 31st December, 1931, was therefore 3775, showing a 
decrease of 65, as against 85 the previous year. It will be seen that 
the diminution in the number of Fellows due to resignations and 
removals is 37 less than in 1930, and that the Society has lost 24 
more Fellows by death. 

As stated above, five more new Fellows were elected in 1931 
than in 1930, but the number (165) is still 36 below the average of 
the previous five years, and the Council again appeals to Fellows to 
urge the claims of the Society on possible candidates for Fellowship. 

During the year the Society lost two of its Honorary Fellows, 
Professor Otto Wallach (elected in October 1929 and died on March 
lst), and Professor Frank Wigglesworth Clarke (elected in May 1904 
and died on May 23rd). 

Professor F. Haber, Professor M. Delépine, Professor J. Sakurai, 
and Professor F. Swarts were elected Honorary Fellows on May 7th, 
and the Council has to record, with deep regret, that Professor 
R. Nasini, who also had been nominated as an Honorary Fellow, died 
shortly before the election took place. 


II. Jubilee Fellows. 


The congratulations of the Society have been conveyed to the 
following, who have completed sixty years of Fellowship : 


Elected. 
Edmund Neville Nevill ........................ June Ist, 1871. 
Mortyn John Salter ..............cccccseceeees June 15th, 1871. 
William John Wilson ..........2...cccceeeeee December 7th, 1871. 
John Millar Thomson. ,..........0.0sseseeeees January 18th, 1872. 
STDS a acncxsthsisgnnckeoetaienedbemsind’ February Ist, 1872. 


and to the following who, during the year, have attained their 
jubilee as Fellows : 


Elected. 

CUE TI ons ddini Secs secccttcdreesc datas June 16th, 1881. 
GOOG TM hn cc ddbiccSesccspecibedesscadsile June 16th, 1881. 
William Barry Harrington ...............06 December 15th, 1881. 
UE MNES WUE sccccbcccccescccccctenscvacest December 15th, 1881. 
Sir David Orme Masson ................s0005 January 19th, 1882. 
Charles Henry Ridsdale ................++0+ February 16th, 1882. 
Leonard Temple Thorne ...............+0+++ February 16th, 1882. 
GMT FOU be Siisih os cncsepncossbandoddaeses February 16th, 1882. 


III. Journal. 


The Journal for 1931 contains 3386 pages, of which 3202 pages 
are occupied by 462 memoirs and 28 notes, the remaining 184 pages 
being devoted to Obituary Notices (73 pages), three Lectures 
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(48 pages), the Presidential Address (22 pages), Reports on Nomen- 
clature and Atomic Weights (21 pages), and the account of the 
Annual General Meeting (20 pages). The number of memoirs and 
notes (490) published is a record, the previous highest number being 
466 (438 memoirs and 28 notes) in 1928. The volume for 1930 con. 
tained 371 memoirs and 29 notes, occupying 2686 pages. 

During 1931, 583 papers were offered to the Society for publication 
in the Journal, of which 21 were declined. In 1930, 410 were 
received and 14 declined. 

The steady diminution in the average interval between the dates 
of receipt and publication of papers effected in the immediately 
preceding years was maintained in 1931, the interval being 9-5 weeks 
compared with 9-65 in 1930. 

The Council decided that from January Ist, and until further 
notice, papers shall not be considered for publication in the Journal 
unless the author, or one of the authors, is a Fellow of the Society ; 
also that, if an author desires to do so, he may submit with his 
paper, for consideration by the Publication Committee, a confidential 
report by a Chemist of standing, to whom the paper has been sub- 
mitted. The “ Notices to Authors ”’ appearing in the Journal have 
been amended accordingly. 

The Council records its thanks to those who have rendered 
valuable service to the Society by refereeing papers. 


IV. Abstracts. 


Abstracts. The appended table shows the number and average 
length of the Abstracts in Sections “ A ” and “ B ” published during 
1931, the figures for 1930 being included for comparison. 








A. B. 
4 a Bean 
1930. 1931. 1930. 1931. 
No. of No. of No. of No. of 


Abs. Pages. Abs. Pages. Abs. Pages. Abs. Pages. 
Ist Qr. 2,766 386 2,898 402 2,582 288 2,757 296 


2nd ,, 3,001 442 2,969 376 2,740 300 3,093 316 
3rd ,, 2,90i 396 3,044 324 2,873 318 2,959 272 
4th ,, 2,875 404 3,470 364 2,479 264 2,900 272 





Total 11,543 1,628 12,381 1,466 10,674 1,170 11,709 1,156 





Aver. length 

per Abs. 0-28 Col. 0-24 Col. 0-22 Col. 0:20 Col. 

The 12,381 “ A” Abstracts comprised 6026 in General, Physical, 
and Inorganic Chemistry, 275 in Geochemistry, 2726 in Organic 
Chemistry, and 3354 in Biochemistry. The corresponding figures 
for 1930 were 5789, 266, 2589, and 2899. 

Of the 11,709 “‘ B’”’ Abstracts, 5086 were from Journal literature 
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and 6623 were abstracts of Patents (in 1930: 4521 and 6153 
respectively). 

In the last Report of Council, attention was drawn to the increasing 
cost of the Abstracts, and it was stated that the question had been 
referred to the Bureau of Chemical Abstracts. As a result, it has 
been found possible to effect certain economies. A number of 
contractions of common names and the use of formule of simple 
compounds were introduced, as from the July issues of the Abstracts, 
and, in general, greater compression has been exercised. Although 
these economies affected only half the year’s output, the average 
length of each abstract over the complete year was reduced from 
0-28 column in 1930 to 0-24 column in 1931 for the “‘ A”’ Abstracts, 
and from 0-22 to 0-20 column in the “ B ” Section. 

During the year a tentative arrangement has been made with the 
American Chemical Society for collaboration in preparing abstracts. 
If this scheme should prove mutually satisfactory, it can readily 
be extended. 

Index. The Joint Annual Index for the Abstracts for 1930 
covered 705 pages, as compared with 642 pages for the 1929 Index, 
The cost of printing the Index was £1390 13s. and of the paper 
£331 19s. 7d. (corresponding figures for the 1929 Index were 
£1302 6s. 4d. and £315 5s. 4d.). 

Careful consideration has been given to the question of possible 
economies in the Annual and Decennial Indexes, and appreciable 
savings are expected to result from various modifications which have 
been adopted. It has been decided, for example, that in the Name 
Index the entries under a given author shall run on in one paragraph 
and that in the Subject Index the names of authors shall be omitted. 

Decennial Index. A room has been leased at Denman Street, 
Piceadilly, for work in compiling the Decennial Index, and the 
- arrangement of the cards is actively in progress. The re-indexing 
of the 1923, 1924, and 1925 volumes of the “ B ”’ Abstracts has now 
been completed. 

V. Library. 

Excluding the evenings on which meetings of the Chemical Society 
were held, there were 8263 attendances during the past year, as 
compared with 8088 in 1930. Of the 8263, 5470 were made by 
Fellows of the Chemical Society, and 2793 were made by Members 
of Contributing Societies, as against 2709 in 1930. 

The number of books borrowed during 1931 was 5660, compared 
with 5751 the previous year; of these, 1349 were issued by post, as 
against 1504 in the preceding year. : 

The additions to the Library comprise: 232 books, of which 86 
were presented, 744 volumes of periodicals and 203 pamphlets, the 
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corresponding figures last year being 272, 731, and 224. The total 
number of volumes added during the year was 976, 27 less than in 
1930. The Library now contains 35,732 volumes, consisting of 
10,663 books and 25,069 bound volumes of periodicals. 

The Council expresses its gratitude to Fellows and others who 
made gifts to the Library during the year. The gifts include 
additions to the Society’s Collection of Medals, early chemical works, 
and new books presented by the authors or the publishers. The 
Council also expresses appreciation of the action of those Fellows 
who submitted lists of scarce books which they were prepared to 
present, but whose kind offers were not accepted because the 
volumes were already in the Library. 


VI. General. 


Lectures. In future, the Liversidge Lecture and the Pedler 
Lecture will be given in alternate years, instead of annually, as 
heretofore. The third Pedler Lecture will be delivered on Thursday, 
March 10th, 1932, by Professor L. Ruzicka, of Zurich, the subject 
of his lecture being the life and work of Professor O. Wallach. 

Discussions. The Council decided that during the session 1931— 
1932 two Ordinary Scientific Meetings should be devoted to organised 
Discussions on particular subjects, and that reports of the Dis- 
cussions should be published separately and sent free to Fellows 
receiving the publications, the project being financed by the Special 
Publications Fund. The first of these meetings was held on December 
17th, when Mr. C. N. Hinshelwood opened a discussion on “‘ The 
Critical Increment of Homogeneous Reactions.” The report of 
this discussion was issued at the end of January. 

It was also decided that, if possible, two further meetings should 
be set apart for the discussion of selected groups of original papers on 
related subjects, and the first of these was held on February 18th, 
when Dr. A. E. Bradfield opened an informal discussion on ‘“‘ The 
Significance of Velocity Measurements in Relation to the Benzene 
Substitution Problem,” based on papers published in the Journal 
during 1930 and 1931. 

The Council is greatly indebted to Mr. Hinshelwood and Dr. 
Bradfield for their help in arranging these discussions. 

Perkin Memorial Volume. The Perkin Memorial Volume, 
written by Mr. A. J. Greenaway, Professor J. F. Thorpe, and Pro- 
fessor R. Robinson, with a preface by the President, was published 
at the end of January, and distributed to Fellows with the public- 
ations for that month. This volume is financed by the Special 
Publications Fund. ; 

For this permanent and fitting memorial to the late Professor 
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W. H. Perkin, the Council desires to record its thanks to the 
Authors. 

Representation at Celebrations, at Congresses, and on Committees : 
Professor H. E. Armstrong represented the Society at the Onziéme 
Congrés de Chimie Industrielle held in Paris on September 27th and, 
with Professor T. M. Lowry, at the Inauguration Ceremony of a 
Memorial to Moissan at Meaux on August 4th; Professor F. G. 
Donnan and Dr. F. A. Freeth attended the Annual Meeting and 
Banquet of the Nederlandsche Chemische Vereeniging at Haarlem 
on July 20th; Professor C. H. Desch was present as the Society’s 
delegate at the Third International Conference on Bituminous Coal 
at Pittsburgh from November 16th to 21st, and Professor W. A. 
Bone represented the Society at the Joint Meeting of the Institute 
of Fuel and other institutions on October 7th. 

The Society continues to be represented on the Federal Council 
for Chemistry by Professor C. 8. Gibson, Sir William J. Pope, and 
Professor J. F. Thorpe, and on the Bureau of Chemical Abstracts by 
Professor C. 8. Gibson, Mr. A. J. Greenaway, Dr. J. T. Hewitt, 
Professor G. T. Morgan, and the Treasurer. 

The present representatives of the Society on the British Editorial 
Board of the Journal of Physical Chemistry are Professor W. E. 
Garner, Professor J. Kendall, and Professor T. M. Lowry. The 
Council records its thanks to Professor A. J. Allmand and Professor 
F. G. Donnan, who retired from the Board at the end of 1931, after 
completing four years of service. 

Bequest. The Council has received a legacy of "£500 bequeathed 
by the late Professor Meldola, President from 1905 to 1907, and 
payable on the death of Mrs. Meldola, which took place on January 
2nd. This sum will be invested and placed to the capital account 
of the General Purposes Account. 

Gifts. The Council records its thanks to Professor Percy F. 
Frankland for a plaster replica of a medallion portrait of the late 
Sir Edward Frankland; to Professor E. Berl for a series of photo- 
graphs (with negatives) of nine distinguished Chemists; and to 
Mr. A. R. Formoy and Mr. John I. Watts for presenting sets of the 
publications of the Society. It has also received from Mr. A. E. 
Hodgkin a number of scientific books and journals. bequeathed to 
the Society by the late Mr. John Hodgkin. Included in these were 
certain publications which, being of more value to the Linnean 
Society and to the Pharmaceutical Society, were presented to those 
Societies, with the consent of Mr. Hodgkin. 

Alterations in Bye-Laws. An Extraordinary General Meeting 
was held on October 15th to consider certain alterations in Bye- 
Laws I, IV, and VIII, proposed by the Council. These alterations, 
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which were unanimously adopted, give the Council discretionary 
powers (a) to remit payment of the annual subscription in the case 
of a Fellow of not less than 40 years’ standing, who is unable to 
continue to pay the annual subscription (in such case, the Fellow 
will not receive the publications of the Society), and (6) to reinstate a 
former Fellow without requiring payment of the arrears of annual 
subscriptions due at the time he (or she) ceased to be a Fellow. 
Also, provision is made for retiring Vice-Presidents who have filled 
the office of President to be immediately eligible for re-election, 
if otherwise the number of Vice-Presidents in this category would be 
less than six. The text of the revised Bye-Laws was given in the 
Proceedings for October. 

Treasurership. In June, the Council received with regret the 
resignation of Professor T. Slater Price from the office of Treasurer 
on his appointment to the Chair of Chemistry at the Heriot-Watt 
College, Edinburgh, and expressed its high appreciation of the 
valuable services he had rendered to the Society as Honorary 
Secretary and as Treasurer during a period of over seven years. 
The Council is gratified to report that Mr. Emile Mond accepted the 
office of Treasurer, and that Professor Slater Price was elected to 
the office of Vice-President thus rendered vacant. These appoint- 
ments are tenable until the Annual General Meeting in March, 1932. 

Chairmanship of Library Committee. On the expiry of Professor 
J. R. Partington’s term of office as Chairman of the Library 
Committee in May, the Council expressed its thanks to him for 
the valuable services he had rendered to the Society during the 
seven years he had served in this capacity. Dr. T. A. Henry was 
appointed to succeed Prof Partington by the unanimous wish of the 
Council. : 

Publication of Physico-chemical Papers. At a conference of 
physical chemists, summoned last September by the Publication 
Committee to discuss the Journal of the Society as a medium for 
the publication of physico-chemical papers, one of the suggestions 


urged was that the possibility of co-operation with the Faraday ° 


Society should be explored. The Council accordingly appointed 
five of its members—Prof. W. E. Garner, Prof. C. 8. Gibson, Mr. 
E. Mond, Prof. T. 8. Moore, and Prof. J.C. Philip—to examine the 
question with representatives of the Faraday Society. In January 
this joint Committee presented an interim report to the two 
Councils concerned, suggesting a possible basis for co-operation in 
producing a common physico-chemical journal. The subject is still 
under investigation. 

Annual General Meeting and Anniversary Dinner, March 18th, 
1932. A local General Committee has been formed, of which 
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Dr. W. M. Cumming has kindly consented to act as Honorary 
Secretary, to make arrangements for the Annual General Meeting 
and Anniversary Dinner to be held in Glasgow on Friday, March 
18th. The full programme of the meetings, which also includes a 
Civic Reception by the Lord Provost and Corporation of the City of 
Glasgow, and visits to Nobel’s Explosives Works and to the Provan 
Chemical Works, is in the hands of Fellows. 

A Central Building in London for Scientific and Technical Societies 
and Institutions. A report on the present position of the Central 
Building Scheme has been received from the Association of Scientific 
and Technical Institutions. It was stated that contributions 
received or promised amounted to approximately £42,000, but that 
since the sum available by June 24th, 1931, fell short of the £100,000 
required by that date, the options on the lease in Victoria Street 
had lapsed. It was also reported that owing to financial and 
industrial conditions, it had been decided to postpone a public 
appeal until financial conditions had improved. The Council 
regrets that the hopes expressed in the last Report have not 
materialised, but believes that the realisation of the scheme, when 
circumstances are favourable, will be in the interests of the Society 
and of the science generally. 

British Chemical Standards. As stated in the last Report, a com- 
mittee had been appointed to consider the formation of a British 
Chemical Standardising Body. This Committee reported to the 
Council that it had approved a scheme for the incorporation of such 
a body with the British Engineering Standards Association, in 
@ new organisation to be known as “The British Standards 
Institution.”” There will be a General Council of 41 members to 
deal with matters of broad policy and general interest, and four 
co-equal main Divisions, for Engineering, Chemistry, Building, and 
Textiles. Each Division will be autonomous, subject to the broad 
policy laid down by the General Council, and will be free to organise 
the work of its own particular field. Each Division will have its 
own Council, the Council of the Chemical Division consisting of 36 
members. 

The recommendations contained in the report were unanimously 
approved by the Council, and Professor W. A. Bone was appointed 
to represent the Society on the Council of the Chemical Division. 

Annual Reports. The volume for 1931 contains in addition to the 
usual reports the biennial report on Crystallography, a special report 
on the Structure of Simple Molecules, and a second special report 
on Colloid Chemistry. The Council expresses its thanks to those 
who have contributed to this volume. 

Research Fund. 96 Applications for research grants, amounting 
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to £1175 16s. 1ld., were received during the year. The sum of 
£641 3s. was allotted to 89 applicants, prior consideration being 
given to applications from Fellows. 

List of Fellows. The List of Fellows was last issued in October 
1929. It has been the practice in recent years to publish this list 
in alternate years, and it is a matter for regret that for reasons of 
economy it was found impossible to print it in 1931. 

The Chemical Society Club. In deference to a request from the 
Chemical Industry Club, the dining Club of the Society is now 
known as “ The Chemical Society Club.” The Club has continued 
to meet on the days on which the Council sits and on the occasions 
of Special Lectures. Conditions of membership can be obtained on 
application to the Honorary Secretaries. 


VII. Financial. 


General Purposes Account. In 1930, the deficit on General 
Purposes Account was £437 0s. 8d. In 1931, this was increased to 
£1221 9s. 6d., due to the income for 1931 showing a decrease of 
£375 58., and the expenditure an increase of £409 3s. 10d., over 
that for 1930. 


Staff Pensions Fund. 

No addition to the capital (£907 14s.) of this fund has been made 
since 1929. To meet the cost of pensions paid during the year, it 
was necessary to transfer the sum of £78 0s. 8d. from General 
Purposes Account. 


General. 

The thanks of the Society have been conveyed to the Council of 
the Royal Society for a grant of £400 from the Government Public- 
ations Grant, and to Imperial Chemical Industries, Limited, for 
their contribution of £100 towards the cost of the Society’s public- 
ations for 1931. It also desires again to express its thanks to those 
Fellows who continue to subscribe to the Publications Fund Account. 

The Council desires to record its indebtedness to the Association 
of British Chemical Manufacturers for undertaking to contribute 
£100 a year for seven years (1931—1937) towards the upkeep of 
the Library, to the Society of Chemical Industry for its special 
donation of £50, and to the Faraday Society and the Institute of 
Brewing for increasing their respective contributions in 1931. 

Although the Accounts show a deficit balance of £1221 9s. 6d., 
the Council does not view the financial position of the Society with 
undue alarm, the adverse balance being due chiefly to the increase 
in the publications of the Society. Steps have been taken which it 
is hoped, will balance the budget for 1932. 
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The adoption of the Report and Accounts was proposed by 
Professor T. S. PatrErson, seconded by Professor JoHN Reap, 
and carried. 

A vote of thanks to the Auditors (Dr. P. Haas, Professor J. C. 
Drummond, and Dr. E. H. Farmer), proposed by the TREASURER, 
was seconded by Professor A. FrnpLay and carried. 

On the motion of Professor F. J. Winson, seconded by Professor 
R. M. Caven, Professor J. C. Drummond, Mr. Humphrey Paget, 
and Dr. H. J. 8. Sand were elected Auditors for 1932. 

A vote of thanks to the Treasurer, Secretaries, Foreign Secretary, 
and to members of Council and of Committees, for their services 
during the past year was proposed by Professor E. C. C. Baty, 
seconded by Dr. J. A. Cranston, and carried, acknowledgment 
being made by Professor J. C. Pamir. 

The report of the Scrutators on the ballot for the election of 
Ordinary Members of Council (Town and Country) was received, 
and it was announced that the following had been elected to fill 
the vacancies on the Council for the year 1932-1933 : 

Vice-Presidents who have filled the office of President.—H. B. 
Baker and Sir William J. Pope. 

Vice-Presidents who have not filled the office of President.—G. T. 
Morgan and T. Slater Price. 

T'reasurer.—Emile Mond. 

Ordinary Members of Council (Town Members).—A. J. Allmand, 
F. P. Dunn, and E. H. Farmer. 

Ordinary Members of Council (Country Members).—J. B. Firth, 
F. E. Francis, I. M. Heilbron, and H. 8. Patterson. 

Dr. S. M1aLL proposed a vote of thanks to the Scrutators, Mr. 
W. M. Colles and Dr. Harold King. This was seconded by Pro- 
fessor R. M. Caven and carried. 

The President then delivered his address, entitled ‘‘ The Pub- 
lication of Chemical Literature.”’ At the conclusion of the Address, 
a vote of thanks to the President for his services during the year 
was moved by Principal Smr James IRvinz and carried with acclama- 
tion, the President making brief acknowledgment. 

A vote of thanks to the Court of the University of Glasgow for 
the use of the Fore Hall was proposed by Dr. R. H. Pickagrp, 
seconded by Professor J. KENDALL and carried with acclamation. 

On behalf of those present, the President expressed to Dr. W. M. 
Cumming the sincere thanks of all concerned for the admirable 
manner in which he had carried out the duties of Honorary Secre- 
tary of the local Committee. 
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ACCOUNT ror tHe YEAR ENDED 3lst DECEMBER, 1931. 
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PRESIDENTIAL ADDRESS. 


Delivered at the ANNUAL GENERAL MzeEtTING, March 18th, 1932. 
By Grorcre GERALD HenpeErson, M.A., D.Se., F.R.S. 


The Publication of Chemical Literature. 


THE Report of Council indicates sufficiently clearly that the chief 
work for which the Chemical Society exists has grown very con- 
siderably during the past year. The number of original communic- 
ations published in the Journal is 24% higher than in 1930 and the 
number of chemical papers abstracted by the Bureau and published 
in British Chemical Abstracts “ A ”’ is also very much greater than 
in the previous year. ‘The consequent financial burden is, unfortun- 
ately, too great for the Society as its income stands at the present 
time and it is not going too far to state that at no other period in 
its long history has the Society been faced with such great difficulties 
in carrying on its work. Hence the necessity has arisen for careful 
consideration of the present position regarding publication of new 
chemical knowledge generally, of possible closer co-operation with 
other societies having similar objects, and of possible new sources of 
income to be of immediate help to the Society in its present difficulties. 
Last summer the Society of Chemical Industry celebrated the 
completion of fifty years invaluable service to applied chemistry 
amidst a chorus of well-deserved congratulations and good wishes. 
The Society of Public Analysts was founded in 1874 and subsequent 
to the foundation of the Society of Chemical Industry a number of 
others, for example, the Biochemical Society, the Faraday Society, 
and the Institution of Chemical Engineers, came into existence, 
each of which plays its part in fostering the development of different 
branches of our science. As pointed out by Professor Morgan in a 
recent address, ‘‘a survey of contemporary movements suggests 
that sectionalism is on the increase and that as chemists undertake 
additional services for the community new societies will arise to deal 
specially with these technologically important new aspects of 
chemical science. This tendency must involve a flight from 
membership of the older more fundamental societies.’”” However 
that may be, one cannot help thinking that in different circumstances 
the need for the foundation of so many independent societies con- 
erned with chemistry in its different branches might not have 
become apparent. It appears unquestionable that the founders of 
the Chemical Society intended that its activities should cover the 
whole field of chemistry, applied as well as pure, for, as stated in the 
Charter, it was established “for the general advancement of Chemical 
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Science, as intimately connected with the prosperity of the manu- 
factures in the United Kingdom, many of which mainly depend on 
the application of chemical principles and discoveries for their 
beneficial development, and for a more extended and economical 
application of the industrial resources and sanitary conditions of the 
community.” It is also clear that this view of the functions of the 
Society is still maintained, for the explanatory leaflet which it issues 
opens with the statement that the Chemical Society aims at encour- 
aging the development of chemical science in all its branches and at 
providing a regular and complete record of all new additions to 
chemical knowledge. 

Previous to 1885, the Chemical Society included among its 
Abstracts a section dealing with technical chemistry, but at the 
Annual Meeting in 1886 the President, in announcing the decision 
of the Council to discontinue this custom, stated that ‘‘ whilst it has 
been felt all along that these Abstracts, on account of their brevity, 
only very imperfectly fulfilled their object, a more liberal treatment 
and greater completeness were considered to be incompatible with 
the means at our disposal.”” Moreover, very few papers dealing with 
applied as distinguished from pure chemistry appeared in the Journal. 
As time passed it became increasingly evident that, if technological 
chemistry were to benefit by the stimulus afforded by a journal 
devoted to its interests, the institution of a society which would 
publish such a journal was inevitable, To meet this demand the 
Society of Chemical Industry was inaugurated in 1881, and its 
subsequent history bears eloquent testimony to the wisdom and 
foresight of its founders. Much of the success of that society is 
undoubtedly due to the formation of local sections, which enjoy a 
considerable measure of independence and are directly represented 
on the Council; it is certain that the share which members take in 
the activities of the sections serves to keep alive their interest in the 
affairs of the Society as a whole. Looking back on what has 
happened since 1841, the thought arises that if those of our pre- 
decessors who managed the affairs of the Chemical Society during 
the first forty years of its existence had taken a broader and a longer 
view, some at least of the various societies to which I have referred 
might not have been founded, and we might now have one great 
chemical society, with a membership of 10,000 or more, with the 
members organised into divisions dealing with the different branches 
of chemistry and possessing a large measure of autonomy, and with 
local sections meeting in the principal centres of education and of 
industry. We might, in fact, have anticipated the policy which 
has been put into successful operation by the American Chemical 
Society. Probably the suggestion that an endeavour should be 
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made to bring about the merging into one organisation of all the 
various societies concerned with chemistry will be considered 
impracticable, but at least, if only for economic reasons, no effort 
should be spared to promote the closest possible co-operation 
between them, and at any rate so far as the Society of Chemical 
Industry is concerned a very good case could be made out for its 
re-union with the Chemical Society. Of course, if an effort were 
made to bring this about, many difficulties would have to be faced, 
but given mutual goodwili, these should not be insurmountable. 
It is hardly necessary to remind you that an important step in this 
direction has already been taken; I refer, of course, to the formation 
in 1923 of the “‘ Bureau of Chemical Abstracts.’’ The Bureau is a 
joint committee of the two Societies and is responsible for the pro- 
duction and publication of British Chemical Abstracts ‘‘ A’”’ and 
‘ B,” with the result that overlapping has been prevented and 
consequent economies effected. 

As regards the present state and the future prospects of the 
Chemical Society, in certain respects there is every reason for 
satisfaction, but other aspects of the position give rise to anxiety. 
For purposes of comparison I quote some statistics from the reports 
of the year 1885, in which I was admitted to the Fellowship, of 1913, 
the last normal year before the War, and of last year : 


1885. 1913. 1931. 
DIL ccunsnucicuaneaibbiaeseabamsabieeann 1,428 3,201 3,775 
Papers published in Transactions ... 104 238 462* 
OE, wsinnielasles cannansté deeevnisintons 2,360 ' 6,978 12,381 
REID: 90514 ustsnicnduthbebmeineaenannans £3,743 £9,235 £10,261 
PORNO ci del seccastececcdenescetbe £3,118 £9,473 £11,473 


* Exclusive of 28 “‘ Notes.”’ 


The increase in the number of Fellows was continuous during the 
period from 1885 to 1921; in the latter year the membership was 
3912, and after that did not show much change until 1926, when the 
figure was 4093. Since then we have to record a regrettable decrease 
each year until at the end of 1931 the number of Fellows was 3775. 
This decline appears to be due not so much to a falling off in admis- 
sions—at least until 1930, when only 165 new members were 
admitted as against 218 in the previous year—as to a relative 
increase in the number of resignations and removals. On the 
assumption that the number of chemists in this country amounts to 
at least 10,000, it is evident that, for some reason or other, the 
majority do not support the Society by becoming Fellows. 

The great and world-wide development in the output of research 
work is reflected in the number of papers published in the Journal 
and especially in the number of Abstracts, In this connexion it is 
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interesting to recall some observations made by the President at the 
Annual Meeting in 1886. In calling attention to the number of 
papers communicated to the Society in 1885, viz., 104 (the largest 
obtained up to that date except in session 1880—81, when it was 
113), he remarked “ The future will show whether this satisfactory 
result really indicates the wished-for awakening of activity in the 
direction of chemical research.” He also referred to the laments of 
some of his predecessors over the apparent stagnation of scientific 
chemistry in this country compared with what was being done 
elsewhere, and pointed out that its development in so marked a 
degree in other countries took its rise in the Universities, where the 
study of chemistry was pursued on a level with that of other sciences, 
and that in the course of time its general diffusion gave a powerful 
impetus to the progress of technical chemistry in its various branches. 
“This latter fact,” he said, “ being now fully recognised in this 
country, great efforts are being made to stimulate the cultivation 
of scientific chemistry, and the establishment of late years of 
numerous laboratories throughout the country cannot fail in due 
time to contribute towards the general advancement of our science.” 
Referring also to the grant of a Charter to the Institute of Chemistry, 
he reminded his audience that some ten years previously a very 
strong desire was manifested by some of the members that the 
Chemical Society should assume an authoritative position for 
regulating and advancing the professional status of chemists with 
the view of ultimately obtaining official recognition of chemistry as 
a profession, but it was found that the Society was debarred by the 
articles of its Charter from carrying out the desired object, and 
subsequently the Institute was founded. He added ‘‘ we may 
anticipate that the incorporation and official establishment of the 
Institute of Chemistry will exert a direct and powerful influence on 
the development of chemical education, which in its turn must 
assuredly promote the progress of pure chemical science.” 

Chemical research in this country is now actively prosecuted in 
the Universities and Colleges, in the Government Laboratory, in the 
laboratories of several Government Departments, especially (under 
the auspices of the Department of Scientific and Industrial Research) 
in the Chemical Research Laboratory at Teddington and by a large 
number of industrial research associations, by public analysts and 
consultants, and last but not least by many industrial organisations, 
although, for obvious reasons, much of the research carried on in 
works laboratories does not find publication. A similar activity 
prevails in most civilised countries, and the mass of published work 
grows from year to year. The Chemical Society and the Society of 
Chemical Industry discharge to the best of their power the duty of 
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distributing information concerning the advances made in every 
branch of chemistry, pure and applied, but the consequent drain 
on their resources is very heavy. The net cost of the Chemical 
Society’s publications last year was £6088, and the Society of 
Chemical Industry spent an almost equally large sum. It is 
practically certain that the volume of chemical literature which 
must be abstracted, as well as the number of papers communicated 
to the two Societies, will in the future increase rather than diminish, 
and the cost of publication will become still heavier, whilst a number 
of the other societies concerned with chemistry are also spending a 
considerable portion of their income in publication. The position 
is summed up in the following excerpt from an editorial in “Chemistry 
& Industry.” ‘The publication of new research and its sub- 
sequent abstracting are vital to the progress of chemistry; there 
are very many chemical organisations in this country, some large 
ones and more small ones, some publishing abstracts of a very 
limited part of the literature, more publishing none. The bulk, 
almost the whole, of the abstracts here published, are prepared and 
paid for by the Fellows of the Chemical Society and the Members of 
the Society of Chemical Industry. These two Societies are those 
which perform the valuable national work of publishing the chemical 
knowledge, on which the progress of chemistry and its application 
to industry depend. A combined register of these Fellows and 
Members would be a list of those who are providing the profession 
with the means of keeping up the knowledge of the science on which 
the profession exists. On these two Societies alone falls the financial 
burden of this great work, work which is for the benefit of every 
chemist in the country. Itis singular and anomalous that hundreds, 
perhaps even thousands, of professional chemists exist here, who 
make no contribution to this burden, who do nothing to help the 
cause of chemistry in the way that is most urgent, most necessary 
and most expensive. ‘Those chemists who are not members of either 
of these two societies are no doubt extremely grateful to them ; their 
gratitude may be made manifest in several ways, but Professor 
Thorpe indicates one of the most useful: that all those who benefit 
by the scientific publications should make a contribution towards 
their expense” (Chem. and Ind., 1931, 50, 277). 

Several reasons may be advanced to account for the fact that so 
many chemists do not support one or both of the Societies. An 
obvious one is that our Journals are to be found in the general and 
departmental libraries of practically all Universities and Colleges, 
in the libraries of many chemical works and scientific societies, and 
in a number of public libraries, and are thus available for the use of 
non-members. Yet I cannot but believe that if those chemists who 
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have not yet joined one or other of the Societies were to give serious 
consideration to the subject, they would come to realise that an 
obligation rests upon them to support those organisations which are 
doing so much to help them in their professional work at the expense 
of those of their fellow chemists who are members. 

Another reason for non-membership is that a large number of 
chemists find it to their advantage, whilst others believe it to be 
their duty, to join one or both of the professional organisations, the 
Institute of Chemistry and the British Association of Chemists, and 
in doing so they act rightly, for it is mainly owing to the efforts of 
the former that our profession has now a recognised status, and the 
latter acts for the benefit of its members in directions which the 
Institute cannot follow. The membership of the Institute is 
approximately 6000, that of the Association some 1400, although a 
considerable number of members of the Association are also members 
of the Institute. In addition to entrance or examination fees a 
Fellow of the Institute pays an annual subscription of £2 2s., an 
Associate £1 11s. 6d., whilst a Member of the Association pays an 
annual subscription of £1 1s. and a contribution to an unemployment 
insurance fund. A young chemist, probably with only a limited 
income, appears to grudge an additional subscription of £3 or £2 10s. 
respectively for the Chemical Society or the Society of Chemical 
Industry, although he would be wise to consider whether such a 
subscription should not be regarded as a profitable investment 
rather than as an unnecessary expense. 

Various suggestions for the reduction of expenditure have been 
made, one of which is that the Bureau of Chemical Abstracts should 
cease to function and that the Societies should simply buy the 
requisite number of copies of ‘‘ Chemical Abstracts” from the 
American Chemical Society for distribution to their members. For 
many reasons, amongst others the inevitable delay in the receipt of 
abstracts, this proposal is not likely toappeal toeither of the Societies. 
Another suggestion which might be considered is that the annual 
subscription to the Chemical Society might be made a nominal sum 
to cover the privileges of the Fellowship, attendance and entertain- 
ment at meetings, use of the Library, etc., but independent of 
receipt of publications. For the latter the Fellow of the Chemical 
Society would then pay in addition for whatever publications he 
elected to receive according to the actual cost of publication. If a 
change of this sort were made, it might be possible to arrange for a 
subscription to cover joint membership of the Chemical Society and 
other Societies, carrying with it the right to use the library and other 
privileges of membership, except the receipt of publications, for any 
or all of which.an additional charge would be made. This proposal 
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deserves consideration, although, as Professor Thorpe pointed out 
in his Address last year, it is perhaps attended with the risk of loss 
of income without any marked diminution in the cost of publishing 
Journals and Abstracts. I have already referred to a third proposal, 
namely, the union of the Society of Chemical Industry with the 
Chemical Society. Such a union would almost indubitably effect 
economies and in my opinion the idea should not be lightly set aside, 
although I admit that it seems almost revolutionary to propose that 
one great society should sacrifice its individuality by amalgamating 
with another. Evenif the difficulties which stand in the way of 
bringing about a complete fusion of interests should prove to be too 
great, it should be as possible as it is desirable to arrange for a 
working partnership of the most intimate character. 

I take this opportunity of indicating another direction in which a 
certain reduction of expenditure could be effected. If the volumes 
of the Journal of recent years are compared with those of an earlier 
period, there becomes apparent a tendency to publish the results of 
research work in more numerous instalments than was formerly the 
custom. The work described in each of these instalments requires 
at least some introductory discussion, and not infrequently a certain 
amount of repetition in the introductory part of such papers is almost 
inevitable, and thus some valuable space is occupied, which otherwise 
would be available. Of course when an extensive research is under 
way it is desirable that as each section of the work is completed the 
results should be placed on record, but I do not think that much, if 
any, loss would be suffered if authors published their results in a more 
limited number of more comprehensive papers. It is always 
possible for an author to safeguard his priority by publishing a short 
communication indicating the subject of his research, the results 
already obtained, and the further work which he proposes to 
undertake. . 

The American Chemical Society claims for ‘‘ Chemical Abstracts ” 
that it is “ a complete key to the chemical literature of the world ”’ : 
the estimated cost of production in 1930 was $192,500, of which 
$50,000 was furnished by the chemical industry of that country. 
Our own “A” and “B” Abstracts and also the Zentralblatt aim 
at covering much the same field, and in each case the cost is very 
great. If it were possible to arrive at some form of international 
agreement for the limitation of abstracting in different countries, 
the Societies concerned would be relieved of a heavy financial burden. 
If, for example, the Bureau undertook to abstract all chemical 
literature published in the Empire, the American, German, and 
French Societies might confine themselves to abstracting the chemical 
literature of the United States, of Northern Europe and of the Latin 
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countries respectively. The international abstracts envisaged 
would be issued to all subscribers from one organisation, the idea 
being to eliminate the immense amount of overlapping of effort and 
expenditure in the production of chemical abstracts in so many 
different countries. The cost of the international abstracts to the 
subscriber must not be more than that at present charged for either 
the English or the American. It is perhaps very improbable that 
such an international agreement could be reached, but even if this 
were the case, it should not be so difficult to come to a national 
agreement. If all the Societies concerned with chemistry in this 
country were to pool their resources in the matter of abstracting, it 
is more than likely that the total expenditure on printing and 
distribution would be materially reduced. 

In the year 1931 the total expenditure on publications of the 
Chemical Society was over £13,000; the net expenditure was, in 
round figures, £6090. It is evident that, in order to balance its books, 
the Chemical Society requires a larger income. Moreover it could 
with great advantage spend much more than at present on its 
publications. Owing to the pressing need for economy the available 
space has had to be so reduced that many papers which appear in the 
Journal are little more than fairly full abstracts, from which details 
of experimental work are largely omitted and discussion of results 
so abbreviated that not infrequently it is difficult to grasp the 
author’s view. Furthermore it is much to be desired that the 
Journal should be printed on better paper and in a more suitable 
format. These improvements would cost money, and where is a 
larger income to be found, or what further economies can be effected ! 
A large addition to the membership would help, but the income 
derived from annual subscriptions will always be subject to fluctu- 
ations, and something more permanent is desirable. The Public- 
ations Fund has a capital of nearly £11,000, approximately half of 
which is the bequest of the late Sir Alexander Pedler and the other 
half was raised by my predecessor, Professor J. F. Thorpe, when he 
was Honorary Treasurer of the Society. Professor Thorpe’s work 
in this connexion deserves cordial recognition and the thanks of all 
interested in the publication of the results of original investigations 
in chemistry. The capital of the Fund is, however, far too small 
for the chief work of the Society, viz., publication of new knowledge 
in chemistry, to be independent of any sudden diminution in the 
Fellowship, and if it could be raised to (say) £30,000 the additional 
income would make the position very much more secure. From 
what sources can we get this increased capital at the present time / 
The position is really serious because, as I have already mentioned, 
any sudden diminution in the Fellowship would mean at any rate @ 




















THE PUBLICATION OF CHEMICAL LITERATURE. 1323 


partial cessation of the work for which the Society has existed since 
1841. Is it possible for the industry itself, the progress of which 
depends primarily on the advance of chemical knowledge, to come to 
our help? Already Imperial Chemical Industries have since 1928 
contributed £100 per year towards the cost of our publications and I 
would plead for other firms to copy this example. If chemical 
industry in America is justified in assisting chemical publications 
there, then the industry in this country should help the Chemical 
Society in the way I have indicated. Further, I would suggest that 
the Institute of Chemistry might favourably consider assisting in the 
same way the publication of chemical literature. The Institute has 
a large income, which shows no sign of diminishing but quite the 
reverse. In 1930 the capital fund amounted to £22,238, the ordinary 
income to £11,718, and the extraordinary income to £980. The 
expenditure was very heavy, but nevertheless the Treasurer was able 
to invest £2,317 and still retain a balance of £502. Of course the 
membership also grows steadily, but an addition to the number of 
members does not necessarily involve a proportional increase in 
expenditure, and therefore a larger capital fund and a larger income 
derived from investments may be anticipated. The Institute has 
rendered invaluable service to the profession in many ways, and I 
do not think that the terms of its Charter preclude it from widening 
the range of its beneficent influence by giving a substantial annual 
contribution to the Publications Fund of the Chemical Society. In 
doing so it would indubitably promote the welfare of the profession, 
for it cannot be reiterated too frequently that the progress of 
chemistry is dependent upon the publication of the results of 
research work in all branches of the science. In making this sugges- 
tion I do not forget that under the library co-operative scheme the 
Institute has made an annual contribution of £250 towards the 
upkeep of the library for the last eight years, but on the other hand 
during the same perio d the cost to the Chemical Society has mounted 
from £1100 to £1800 per annum, and is almost certain to increase in 
the future. Valued assistance has been given by the Association of 
British Chemical Manufacturers, who contributed £250 a year for 
several years and have now promised £100 a year for the next seven 
years. Further, the Society of Chemical Industry gave a special 
donation of £50 for 1931 in addition to their annual contribution of 
£100. Grateful as we are for this help, we should welcome still more 
or larger subscriptions. 

It has been suggested more than once that local sections of the 
Society should be instituted, and cogent arguments can be advanced 
in support of the proposal. But it must be borne in mind that in 
Great Britain and Ireland no fewer than 14 sections of the Institute 
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and 11 of the Society of Chemical Industry meet in most of the 
principal cities, and although some of the meetings are held jointly 
the total number is large. In Glasgow, in addition to the sections 
just mentioned, sections of the British Association of Chemists, of 
the Society of Dyers and Colourists, and of the Institute of Rubber 
Industry, and also the West of Scotland Iron and Steel Institute, the 
University Alchemists’ Society, the Andersonian Chemical Society 
and the Royal Philosophical Society all meet periodically. The 
Calendar issued by the Association of Secretaries of Glasgow Chemical 
Societies gives a list of some 60 meetings arranged for Session 1931— 
32, and in my view any addition to this multitude of meetings would 
be simply oppressive. On the other hand I think that considerable 
advantage would accrue if local Committees of Fellows of the 
Chemical Society were appointed in each city where there is a section 
of the Institute or of the Society of Chemical Industry. It would be 
the business of these Committees to arrange with the secretaries of 
the other sections for some joint meetings for the reading and dis- 
cussion of papers which in present circumstances are for the most 
part forwarded for the consideration of the Publication Committee 
of the Chemical Society without having been read or discussed—a 
state of affairs which is not altogether satisfactory. If it were 
possible to arrange that the President, or failing him a Vice-President 
or a member of Council, should preside at such meetings, so much 
the better. Moreover, these local Committees would be able to get 
into touch with younger members of the profession, and perhaps to 
arouse in them a more direct and personal interest in the affairs of 
the Society, which at present is sadly lacking in the case of many 
chemists who live remote from headquarters, and to whom the 
Society is only known as an organisation which issues certain 
chemical publications. 
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SIR HUGH BELL, BART., C.B., D.L., LL.D., D.C.L. 
1844-1931. 


Hap it ever been written, an autobiography of Sir Hugh Bell,. Bart., 
would have been the fascinating history of a virile but now extinct 
Victorian race who made the industrial and public life of the North- 
east Coast ‘ betwixt Tyne and Tees’ what it became during a 
century of unparalleled development and prosperity, the eclipse of 
which has been one of the tragedies of post-war days. And to one 
who knew him well, and to whom for fifty years he was a great 
figure, the task of giving Fellows of the Chemical Society what 
can be only the merest outline of his manifold activities is one of 
well-nigh hopeless difficulty and compression, to be undertaken 
only as a pious duty with fear and trembling. And as heredity was 
so big a factor throughout it all, the story must needs take account 
of three successive generations. 

In the year 1808, which witnessed the outbreak of the Peninsular 
War and the turn of the flowing tide of Buonaparte’s power, Thomas 
Bell (1774-1841) and his wife Catherine (daughter of Isaac Lowthian 
of Newbiggin near Carlisle) moved from their native Cumberland 
to Newcastle-on-Tyne in order that he might enter the service of 
Messrs. Losh & Co., merchants of that city, who were then launching 
out into the manufacture of both alkali and iron, an enterprise which, 
not long afterwards led to the founding of the firm of Losh, Wilson, 
and Bell and in 1827 of the Walker Ironworks, Tyneside. 

In 1835 their eldest son, Isaac Lowthian Bell (1816-1904), having 
undergone a scientific training abroad, joined his father at the iron- 
works, where had been installed what then was considered a most 
powerful rolling-mill capable of an output of 100 tons of iron bars 
per week. Puddling furnaces were added in 1833, and a rail-mill 
in 1835; finally, in 1842, owing to a shortage of pig iron, a blast 
furnace for smelting mill-cinder completed the equipment. And 
it was in this furnace that the first experimental smeltings of Cleveland 
ironstone (from Grosmont near Whitby) were effected. 

Lowthian Bell married Margaret, the second daughter of Hugh 
L. Pattinson, F.R.S., the well-known chemist, and on 10th February, 
1844, their eldest son, Thomas Hugh Bell, was born at Walker-on- 
Tyne; on Ist August of the same year, Lowthian and his brother 
Thomas leased from Christopher Blackett a blast furnace at Wylam- 
on-Tyne, thus inaugurating what afterwards became the famous 
firm of Bell Brothers. 

In 1850, in partnership with his father-in-law Pattinson, Lowthian 
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Bell started chemical works at Washington near Gateshead, where 
he also built a house in which he resided during the next twenty 
years. Here white lead was manufactured by Pattinson’s new 
process, and in 1860 the smelting of aluminium by St. Clair Deville’s 
process was started. 

In 1852 Bell Brothers acquired from the Ward-Jackson family a 
lease of iron-ore supplies at Normanby in Cleveland, and two years 
later started their Clarence Works on the north bank of the Tees 
opposite the then small, but rapidly growing, town of Middlesbrough ; 
thus, together with the rival firms of Bolekow Vaughan & Co. and 
Cochrane & Co., they inaugurated the great Cleveland iron industry. 
In his treatise on “ Cleveland Ironstone,” first published in 1861, 
Joseph Berwick said : “To Messrs. Bell Brothers, more than to any 
other firm, is due the merit of having more fully and effectually 
developed, at this period, the ironstone field of Cleveland.” 

Such being the circumstances of Hugh Bell’s early life, he was 
clearly marked out for leadership in industry; and, with this in 
view, he was educated first at Murchiston Castle, Edinburgh, and 
afterwards at both Paris and Géttingen, where he acquired a broad 
foundation of general scientific knowledge and fluency in both 
French and German languages. Thus equipped intellectually, he 
entered upon his destined career, and soon became both his father’s 
right-hand in the subsequent development of Bell Bros. Clarence 
Works and a leader in the social and public affairs of Middlesbrough 
and Cleveland, with which he retained the closest connection 
throughout the more than sixty years of his active life. 

A century ago, only a single farm-house (which on a map published 
in 1610 was marked ‘ Middleburg,’ an old Saxon manor house) 
stood where Middlesbrough now is. In 1861 W. E. Gladstone, 
on a memorable visit to Durham and Cleveland, called it an ‘ infant 
Hercules’; to-day it has a population of 120,000 and returns two 
members to Parliament. And Hugh Bell was long its foremost 
citizen and did more than any other to foster and guide its develop- 
ment. 

He entered its Town Council in 1870, and being twice its Mayor 
(1874 and 1883) he continued thereon until 1908, after which he 
was made Mayor yet a third time in 1911. As Chairman of its 
first School Board, he laid the foundation of the town’s excellent 
educational system; and later he made his special care the develop- 
ment of its new High School, which soon acquired a foremost 
position among the day schools of its class in the North of England. 
In connection therewith, he established evening classes in science, 
and became one of the leading promoters of University Extension 
lectures. He was also Chairman of the Free Library Committee. 
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His constant aim was to bring learning and culture within reach of 
the workpeople of the town; and he founded a scholarship scheme 
whereby their sons and daughters might pass onwards from the 
elementary school, through the High School, right up to the Univer- 
sities. From 1910 to 1928 he was Chairman of the Council of 
Armstrong College (Durham University), Newcastle-on-Tyne. 
For some years also he represented the Iron and Steel Institute on 
the Governing Body of the Imperial College of Science and Tech- 
nology, London, and from 1912 onwards until his death he was 
Chairman of the Advisory Council for the Science Museum, South 
Kensington. In recognition of such distinguished services to 
science and education, he was made an honorary D.C.L. of Oxford 
and Durham and an honorary LL.D. of Leeds and Sheffield 
Universities. 

One of the major problems of the rapidly developing Tees-side 
was that of a good and abundant water supply, not merely for the 
growing populations of Middlesbrough, Stockton, and Thornaby, but 
also for the iron and steel works all along the river bank; but a 
long fight ensued before the Tees Valley Water Board was eventually 
established in 1876 with Sir Hugh Bell as its first chairman, a position 
which he continued to hold until 1907. At first the Board pumped 
water out of the Tees some distance above Darlington; but such 
supply proving liable to sewage contamination, especially during 
the autumn flood season—to which was probably due a serious out- 
break of enteric fever in Tees-side boroughs in the autumn of 1890 
—it became necessary to go further up the river beyond Barnard 
Castle, and ultimately comprehensive works, including large reservoirs 
in the valleys of the Lune and Balder (tributaries of the Tees) and 
at Long Newton between Darlington and Stockton, were carried out 
under Sir Hugh Bell’s direction. 

He was also actively associated with the work of the Tees Con- 
servancy Commission, on which, from 1876 to 1913, he represented 
first the Middlesbrough Payers of Dues and then the Middlesbrough 
Corporation ; from 1913 onwards he continued as the representative 
of the Board of Trade, and in 1902 he succeeded the late Sir Joseph 
W. Pease as its Chairman, It, was largely due to his foresight and 
energy that the Commission successfully overcame the many 
serious obstacles to the development of the water-way. Vast tracts 
of bleak water-logged land near the river-mouth were gradually 
reclaimed and converted into sites fit for industrial works; the 
navigable channel of the river was deepened and narrowed until 
it enabled large ocean liners to trade between Middlesbrough and 
all parts of the world, and the safety of shipping generally in the river 
was increased. 
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Such great services on Tees-side by no means exhausted his 
public activities, which overflowed into the counties of Durham and 
Yorkshire. He became a Justice of the Peace in both of them, 
High Sheriff of Durham in 1895 and Lord Lieutenant of the North 
Riding of Yorkshire in 1906; in the last-named capacity he was 
amazingly active in raising and maintaining the new Territorial 
Force and, during the War, in organising new volunteer units for 
Kitchener’s Army and Voluntary Aid Detachments for wounded 
soldiers. He was also for many years an Alderman of the North 
Riding County Council. 

His numerous industrial and commercial activities included 
chairmanships or directorships of Dorman Long & Co. (vice- 
chairman and finally chairman), the Horden Collieries (chairman), 
Brunner Mond & Co., the Channel Steel Co., the Yorkshire Insurance 
Co., the North Eastern Railway, the Forth Bridge Co., the Great 
Eastern Ferries Co., and Wilsons and the N.E. Railway Shipping 
Co. His long pre-eminence both as an ironmaster and in industrial 
leadership was recognised by the award in 1926 of the Bessemer 
gold medal of the Iron and Steel Institute; he had already been 
president of the Institute in 1908—10, and for some years up to his 
death he was chairman of the Statistical Committee of the Federation 
of Iron and Steel Manufacturers. 

Politically, while always a staunch Liberal and Free-Trader, he was 
critical of party views; thus in 1886 he refused to follow Gladstone’s 
lead in regard to Irish Home Rule, and after 1902—4 he differed with 
the Unionists’ educational and fiscal policies. He unsuccessfully 
contested Middlesbrough as a Unionist in 1892, and the City of 
London as a Liberal Free-Trader in 1910. In 1928 he declared: 
“The fact is I have been drummed out of every party in the State 

. and I have always remained a Liberal through it all. I would 
vote Tory or anything else if I thought I could thereby advance 
Liberal principles.” 

Although never in Parliament, he exercised a great influence 
upon politics outside it, especially in regard to free trade and 
national economy, being closely associated in later years with Lord 
Grey and the Liberal Council. In 1919, as president of the Economic 
Section of the British Association, he delivered a remarkable address 
on national finance and taxation in relation to industry ; and he was 
chairman of the National Association of Manufacturers to oppose 
State interference with trade and to remove barriers to inter- 
national trade. His consistent and powerful advocacy of free trade 
was the outcome of a singularly intellectual faith which, based 
upon the principles of individualistic liberty expounded by John 
Stuart Mill, faced all developments fearlessly and confidently 
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while contemning all ‘ protection’ as unworthy of a progressive 
and virile community. As a public speaker he combined fluency 
with conciseness and penetrative wit, and could be so witheringly 
clear and ironical in exposing fallacies and casuistry that few ventured 
to oppose him in debate. On occasion he would devastate an 
opponent’s position in a dozen or two sentences which left nothing 
more to be said. 

Although inheriting his father’s scientific temperament and 
acumen, and familiar with the main developments in physics, 
chemistry, and geology, he unfortunately never followed up his 
father’s classical researches upon the chemical phenomena of iron 
smelting and refining, preferring the administrative side of industry, 
in which he was great leader. Indeed after his father’s death in 
1904 metallurgical research in this country became almost entirely 
concentrated upon alloys, including special steels, doubtless with 
great profit to engineering but with detriment to our former pre- 
eminence as pioneers in iron smelting and refining. Some thirty 
years ago he several times discussed with me the possibility of 
establishing a real research institution in Middlesbrough to grapple 
with the problems of the Cleveland iron industry ; but after pursuing 
the project for a while, he concluded that for lack of support it 
was unlikely to prosper and therefore let it drop, so that Cleveland 
is yet without a research school of metallurgy. It is to be hoped, 
however, that the recently established Constantine College in 
Middlesbrough will ultimately be developed so as to make good the 
deficiency. 

Sir Hugh Bell travelled considerably in the East, and took great 
pride in the work of his distinguished daughter, the late Miss Gertrude 
Bell, in Syria and Mesopotamia. In 1925, at the age of 81, he visited 
Australia to witness the foundation-laying of the great bridge built 
by Dorman Long & Co. over Sydney Harbour; and he always 
hoped to live long enough to witness its opening, which took place 
on 20th March, 1932; but it was not to be. 

Early in 1929 he underwent an operation in London, but recovered 
so well from it that his public activities were scarcely curtailed. 
On being interviewed, at the age of 86, about a proposal that directors 
of public companies should retire from executive positions at 65 and 
from boards at 70, he replied :—‘‘ I think people live too long, but 
they have a right to work as long as they can. I should not mind 
being put down by anzsthesia, but while I am alive I want to work. 
What are you going to do with the old men, and why select 65 as 
the age at which their usefulness ceases?” Certainly his own 


personality was a convincing refutation of any such hard-and-fast 
notion. 
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He died in London, after only a few days’ illness, on 29th June, 
1931, at the age of 87; and on the same afternoon the Archbishop 
of York, in an address at Dormanstown, described his passing as 
that of a great public servant who had “ maintained his vigour of 
intellect and his physical powers until a day far beyond the span 
laid down to most of us, but throughout the whole of the years he 
was a man who never once failed in absolute integrity and in eager 
desire for the public welfare.” In regard to his views upon religion 
and the ultimate meaning of life and human destiny, his intimate 
friend, Sir Alfred E. Pease, has said that, while humbly agnostic, 
he allowed neither doubts nor disbelief to prevent his using every 
power and talent given him for the best and highest purposes. 

Sir Hugh Bell was twice married, namely, (i) in 1867, to Mary, 
daughter of the late Mr. John Shields of Newcastle-on-Tyne, who 
died in 1871 and by whom he had one son, Colonel Maurice Hugh 
Lothian Bell, who succeeded him in the baronetcy, and a daughter, 
the late Gertrude Bell (d. 1926), distinguished for her work and travels 
in the Near East; and (ii) in 1876, to Florence Eveleen (d. 1930), 
daughter of the late Sir Joseph Olliffe, who afterwards became 
distinguished both as a novelist and for her “ Life and Letters of 
Gertrude Bell,” and by whom he had a son—the late Rev. Hugh 
Lothian Bell (d. 1926)—and two daughters, one of whom married 
Vice-Admiral H. W. Richmond and the other Sir Charles P. 


Trevelyan, P.C. 
Wittuam A. Bone. 





M. M. PATTISON MUIR. 
1848—1931. 


MatTrHEew MoncrikFF Pattison Morr, M.A., and also Senior Fellow of 
Gonville and Caius College, Cambridge, died at his home at Epsom 
on September 2nd at the age of 82. 

He was the son of William Muir, a merchant in Glasgow, and was 
born in that city on November Ist, 1848. He was educated at the 
High School, the University of Glasgow, and at Tiibingen University. 
Owing to the outbreak of the Franco-German War the students 
were dispersed and he had to return to Scotland. From 1871 to 
1873 he was Demonstrator in Chemistry at Anderson’s College, 
Glasgow, under the late Professor Sir T. E. Thorpe and proceeded 
to Owens College, Manchester, where he was Demonstrator and 
Assistant Lecturer. under the late Professor Sir Henry Roscoe. 
In 1877 he was recommended to the Governing Body of Gonville 
and Caius College for the Praelectorship in Chemistry by Dr. 
Rawson, on old Caian on the staff of Owens College. The degree 
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of Hon. M.A. was conferred on Muir in 1880. In 1881 he was 
elected a Fellow of the College and at his death he was the Senior 
Fellow. He was appointed to the Governing Body in 1893 and 
continued a member until his retirement in 1908 from active work 
as Lecturer and head of the College Chemical Laboratory. 

With a relatively high percentage of medical students in the College 
Muir’s work as a teacher was heavy, especially as for a number of 
years provision was made by the enlargement of the College 
Laboratory for the teaching in chemistry of candidates for Honours 
degrees. During the thirty years of his Praelectorship hundreds 
of students were taught by him; with many of these he was in touch 
even after his retirement and he was very affectionately remembered 
by them. “ Patty ” Muir was always a favourite as lecturer and 
demonstrator. His style was clear and forcible and his Scottish 
accent was marked when he was emphasising important conclusions. 
In his lectures, which were well attended, he was always at pains to 
take a broad view of the subject and to insist on principles rather 
than details. It is related that after one of his discourses the follow 
ing lines were found on a scrap of paper left on a desk : 


Here is a little lecturer 

Quite of the smallest size. 
Let’s put him in a beaker glass 
And bid him generalise. 


Muir was elected a member of the Chemical Society in 1871 and 
served on the Council as an ordinary member from 1890 to 1894. 
He was elected a Fellow of the Royal Society of Edinburgh in 1873. 
Between 1876 and 1888 he, either alone or with students, published 
in the Journal eighteen papers on the properties of bismuth com- 
pounds. He gave always encouragement to young graduates to 
undertake chemical research, although at that time there were no 
postgraduate studentships in chemistry in Cambridge. 

Muir was one of the pioneers in the development of the School of 
Chemistry in Cambridge and was an active supporter of Dr. 
Ruhemann in the teaching of Organic Chemistry in the University, 
placing the old College Laboratory at his disposal at a time when 
there was serious friction between him and the University Chemical 
Laboratory authorities. 

The writer of this notice was fortunate in being associated with 
Muir both as student and as colleague in the College Laboratory for 
fifteen years, and it is difficult for him to express adequately his grati- 
tude for the encouragement and sympathy which he received : this 
feeling must be shared by all who came in contact with Muir. 
Dominated by his personality, the atmosphere in the Laboratory 
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was very friendly, and in the small balance room attached to the 
advanced laboratory he presided every afternoon at tea when 
teachers and students came together. 

The Master of Pembroke College, Cambridge, who was for some 
years lecturer and demonstrator there, has kindly supplied the follow- 
ing reminiscences : “‘ He had a quaint half querulous, half humorous 
way of commenting on any breaches of laboratory order; thus one 
day, finding a bench in great confusion, his comment, in his character- 
istic Scottish accent, was ‘Dear! Dear! What sow has been making 
this mess!’ As one of the women students who happened to be 
within earshot was responsible, the remark was more apposite than 
polite. Of a student distinguished neither for clear thinking nor 
for tidy working, he observed ‘ brains in a muddle, place in a 
puddle.’ ” 

Muir took a keen interest in politics and as President of the local 
Liberal Association he did much speaking and organising work for 
the cause of the party; moreover he was an ardent Gladstonian 
and a strong Home Ruler. 

As a writer he was more successful than as a research worker. 
His greatest success was a treatise on ‘‘ The Principles of Chemistry,” 
published in 1884, which went to a second edition in 1889. In 
1888, in collaboration with Dr. Forster Morley, he published a new 
edition of Watts’ “ Dictionary of Chemistry.”’ By a skilful co- 
ordination of a vast amount of material Muir and Morley presented a 
valuable and up to date abstract of the science. 

Muir was also a pioneer in teaching methods, and his “‘ Elements of 
Chemistry ” with Dr. Slater and “‘ Practical Chemistry ” with the 
late D. G. Carnegie, a former lecturer and demonstrator, and after- 
wards a brilliant University Extension Lecturer, aroused much 
criticism among his contemporaries. 

As a writer on the history of chemistry and alchemy, his skill is 
to be seen in “‘ The Alchemical Essence ” (1894) and “ Roger Bacon, 
his Relations to Alchemy and Chemistry ”’ (1914). 

When the College Laboratory was closed Muir left Cambridge 
and went to live at Farnham and afterwards at Norwich, where he 
did literary work, giving lectures and helping the public libraries of 
the city. In 1924 he published ‘‘ Men and Women of Letters in 
Norwich a Hundred Years Ago.” 

Later he removed to Epsom to be near his elder son. In 1873, 
Muir married Florence, daughter of Mr. Joseph Haslam, who survives 
him. They had two sons, both old Caians; the elder is Vicar of 
Epsom and the younger is Rector of St. James’s, Edinburgh. 

Mr. and Mrs. Muir were good friends to the writer and his wife 
while they were in Cambridge. There was always a kindly welcome 
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to their home with that freedom and lack of restraint which friend- 
ship brings. After the writer had left the town a regular corre- 
spondence was maintained and each year up to last Christmas letters 
were exchanged which showed the happiness of his married life and 
his courage in facing the trials of old age. 

Sir Richard Threlfall, Hon. Fellow of Gonville and Caius 
College, Cambridge, has contributed the following reminiscences of 
his old teacher : 

“ My first visit to Gonville and Caius College was when I came up 
as a candidate for a scholarship in March 1880. Mr. Pattison Muir 
was the examiner both in Physics and Chemistry and later in 
Chemistry for the Tripos. At that time he was Praelector in 
Chemistry and had charge of a small laboratory in Green Street 
belonging to the College. Muir used to lecture industriously. 
There was a course of lectures addressed primarily to medical 
students and a more advanced course which was in my time attended 
by students for Honours Degrees of the College and by a sprinkling 
of men from other Colleges. 

*‘ Sir William Tilden informed me many years later that at one 
time Muir had been very active in sending papers to the Chemical 
Society, mainly concerned with compounds of bismuth, so that he 
got to be known in chemical circles as ‘ Bismuth Muir.’ 

‘* Muir was also very attentive to the students in the Laboratory, 
who were mainly engaged in preparation for medical examinations, 
and he generally had some little bit of work of his own going on, but 
his chemical aptitude lay rather on the literary side. He was one 
of the most industrious people reading up the literature that I ever 
met. My own experience of him as a student was that he was a 
most kindly, painstaking and hospitable man, and he and his wife, a 
charming woman, always had a warm welcome for me when I called 
at 8 Brookside, which was his Cambridge address. In this way I 
came to know that Muir was a deeply religious man, though his views 
would probably have lacked acceptance by the authorities of any 
of the Scottish churches. 

“ He was always very interested in new light on any subject and, 
generally speaking, was a most active-minded man, though in 
controversy—in which he delighted—his personality sometimes 
lacked the forcefulness of that of his opponents. 

“IT consider that I received the most useful part of my chemical 
education in Muir’s laboratory. He used to go away in the vacation 
and leave me with the laboratory boy, the keys, and-a set of orders 
ready signed. My experience was that under this system I was 
able to do about ten times as much work as I was able to do in the 
splendid Strasbourg Laboratory. Muir was also very good in 
xx 
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encouraging anybody with any chemical ideas to work in his 
laboratory; indeed I once assisted him in some work that he was 
doing himself, but nothing ever came of it. 

“I do not think that Muir ever took any exercise except what was 
involved in walking between Brookside and Green Street and I never 
heard him admit that he played any games. He was a most loyal, 
hardworking son of the College, in which he took great pride, and 
was altogether a most charming, learned and devoted friend and the 
world is poorer for his death.” 

A contribution from another old pupil, Dr. A. P. Laurie, formerly 
Fellow of King’s College, Cambridge, confirms the great influence 
Muir exerted as a teacher. 

“T first met Pattison Muir when I entered as a student at Cam- 
bridge, and worked in his laboratory during all the time I was an 
undergraduate. We soon became close personal friends and his 
house was always open to his students. To many besides myself 
Pattison Muir and his wife must be among the pleasantest recollec- 
tions of their life in Cambridge. The dons’ wives were always 
objects of terror to the undergraduate. Formal calls had to be made 
with fear and trembling. Pattison Muir’s house was a real home to 
the shy undergraduate. Intellectually Muir, as behoved his Scottish 
birth, was more a metaphysician than a typical man of test tubes 
and reagent bottles. His interest in science was philosophical. 
He was before his time as a man of science, and if he were beginning 
his career to-day would have attained the necessary mathematical 
equipment and plunged joyfully into modern physics. He attempted 
to bring together such generalisations as were possible but there was 
little for a philosophical mind to feed on. His outlook on life was 
gentle, brave, humorous, and slightly cynical in the best sense of 
the word. He never lost his courageous grip on life and his capacity 
to meet old age and suffering with a bright, slightly amused outlook 
both on himself and the universe. Of his home life I can only say 
that when I wrote to tell him that I was getting married he replied 
that no one knew what love really was until they had been married 


twenty years.” 
R. 8. MorREL. 





JOHN BALDWIN SHOESMITH. 
1896-1931. 


Joun Batpwin Sxoersmira, the son of Mr. Frank Shoesmith of 
Burnley, received his early education at St. Peter’s Day School, 
passing on to the Grammar School in 1913. For some time he was 
articled to Major Raymond Ross, at the Burnley Public Analyst's 
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Laboratory, and attended classes at the Municipal College. In 
1915 he entered the Honours School of Chemistry in the University 
of Manchester and took his Honours Degree in 1919, when he was 
placed second on the list and awarded a graduate research scholar- 
ship. 

The problems assigned to him at the beginning of his career as 
an investigator proved to be far more difficult than had been 
anticipated, but, resisting all temptation to abandon the line of 
investigation on which he had started, he concentrated his attention on 
improvements in technique and within two years had not only solved 
his problems but had also opened up the way to numerous extensions 
which he afterwards exploited. An immediate outcome of his 
experiments during this period was the discovery of striking “ altern- 
ate effects,’’ in the series of methoxybenzy] bromides. 

In 1921 he was appointed Lecturer in Organic Chemistry in the 
University of Edinburgh. To his work in this post he brought the 
utmost enthusiasm. His zeal both as an investigator and as a teacher 
was unquenchable, and his success in training post-graduate students 
in the methods of organic chemical research was conspicuous. The 
illness of a senior colleague threw an abnormal amount of teaching 
work on his shoulders during a long period, but this led to no 
relaxation in hours which he devoted to the prosecution of research, 

His investigations led to numerous papers, in many of which his 
pupils’ names appeared as joint authors. The more important of 
these publications were concerned with “ alternate effects” in 
halogeno-derivatives of the aromatic series, and much of the work 
demanded great care and patience in the preparation of the com- 
pounds required. The full theoretical significance of the regularities 
observed during its course is not yet clear even from the qualitative 
aspect. " 

The visible evidence of his growing constitutional weakness during 
the past three or four years gave infinite distress to his colleagues 
and many close friends, and his career, begun with so much promise, 
ended tragically in the autumn of 1931. 

Dr. Shoesmith was for some time a member of the choir at Edin- 
burgh Cathedral. He had a fine tenor voice and sang solos on 
various important occasions. 

He married Ethel Hargreaves, of Burnley, who survives him. 

Dr. Shoesmith joined the Chemical Society in February, 1923. 

A. L. 
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173. The Stereoisomeric 2:3:5:6-Tetramethylpiper- 
azines. Part III. The Reduction Products of 
2:3:5:6-T'etramethylpyrazine Methiodide. 


By Freperic Barry KIppPrine. 


From the figures given (J., 1931, 1160), it is clear that, if any group 
is attached to one of the nitrogen atoms of 2 : 3: 5 : 6-tetramethyl- 
piperazine, the plane and the centre of symmetry of formula (III) 
are destroyed and this then represents a dl-substance ; formule (I) 
and (IV), however, still retain a plane of symmetry and represent 
meso-compounds. It has already been shown (loc. cit.) that, of the 
four known isomerides, 8-2 : 3 : 5 : 6-tetramethylpiperazine has the 
configuration represented by (II), and in order to determine those of 
the remaining isomerides it is clearly of importance to prepare mono- 
N-substitution derivatives, RN<(CHMe),>NH, and, if possible, to 
show that one of these is resolvable into optical antipodes, whereas 
the parent base is a meso-compound: the base exhibiting these 
properties must then have the configuration (IIT). 

As attempts to prepare such derivatives of the «-base had failed 
(J., 1929, 2894) and the 3-base was not available in sufficient quanti- 
ties for investigation, it seemed probable that the reduction of 
2:3:5:6-tetramethylpyrazine monomethiodide would yield a 
mixture of pentamethylpiperazines, each of which could be cor- 
related with a tetramethyl base, and used for a determination of the 
configuration of the latter. Furthermore, the pentamethyl base 
corresponding with the missing tetramethylpiperazine might be 
formed (loc. cit., p. 2890). 

The methiodide was therefore reduced with hydrogen in the 
presence of platinum (compare Hamilton and Adams, J. Amer. 
Chem. Soc., 1928, 50, 2260), and about 250 g. of pentamethy!l- 
piperazine monohydriodide prepared. By the fractionation of this 
product from alcohol, nearly 220 g. of a less soluble hydriodide were 
obtained in a pure state, the base of which gave a p-toluenesulphonyl 
derivative, m. p. 124°. As the same compound was produced by 
the methylation of 1-p-toluenesulphonyl-y-2 : 3 : 5 : 6-tetramethyl- 
piperazine, it is clear that the base corresponding with this p-toluene- 
sulphonyl derivative is y-2:3:4:5:6-pentamethylpiperazine (J., 
1931, 1161). 

The oily mother-liquors of the y-hydriodide were converted into 
hydrochloride, which was fractionated ; each fraction was converted 
into the phenylthiourea, which was found to be the most suitable 
derivative for following the course of the fractionation. All the 
fractions appeared to be the same and to be homogeneous, m. p. 
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120—121°; after hydrolysis, however, a test portion of the 
base recovered from this thiourea gave about a 25% yield of 
p-toluenesulphonyl-y-2 : 3: 4: 5: 6-pentamethylpiperazine. Since 
y-2:3:4:5: 6-pentamethylpiperazine phenylthiourea has m. p. 154°, 
the thiourea of m. p. 120—121° is apparently a mixture of the 
former with an isomeride, which crystallises unchanged from 
various solvents. 

Efforts to separate the mixture of bases by the fractionation of 
their hydrobromides, and by fractional formation of the thioureas, 
also proved useless, and finally the whole of the mixed bases was 
converted into the p-toluenesulphonyl derivative. Fractionation 
yielded a less soluble product, m. p. 124°, the y-derivative, and a 
new compound, m. p. 99—100°, which was formed in small yield 
only, a fact which, combined with its greater solubility, accounts for 
its not having been isolated when only small amounts were prepared. 
The thiourea corresponding with this new p-toluenesulphonyl 
derivative had m. p. 122-——123°. 

It was thought that this new base (which will be called A) might 
be dl-6-2:3:4:5:6-pentamethylpiperazine, as a mixture of the 
g- and the y-isomeride is obtained by the catalytic reduction 
of 2:3:5:6-tetramethylpyrazine. 1 - p - Toluenesulphony] - dl - p- 
2:3:5:6-tetramethylpiperazine was therefore converted into 
p - toluenesulphonyl - dl- 8 -2:3:4:5:6-pentamethylpiperazine by 
methylation; this had m. p. 100—101°, but mixed m. p.’s showed 
that it is not identical with the p-toluenesulphonyl] derivative of A. 
Further, dl-8-2:3:4:5: 6-pentamethylpipérazine phenylthiourea 
prepared from the p-toluenesulphonyl derivative had m. p. 95° and 
was different from the thiourea derived from A. 

The configuration of 8-2 : 3 : 5 : 6-tetramethylpiperazine (J., 1931, 
1160) is such that the two nitrogen atoms are differently situated in 
the molecule, and so the 2:3:4:5:6-pentamethyl base will be 
different from the 1 : 2: 3:5: 6-compound, whereas in the case of 
the other isomerides no such difference would appear: the possi- 
-bility still remains, then, that the base A is the latter substance. 
From the base A and from dl-8-2 : 3 : 5 : 6-tetramethylpiperazine, by 
methylation, 1:2:3:4:5:6-hexamethylpiperazines were there- 
fore prepared; both yielded monomethiodides, m. p. (decomp.) 275°, 
which when mixed again melted at the same temperature. The 
crystalline forms and solubilities of the isomerides, however, appeared 
to be different, but the quantity of the base from pure A was too 
small for solubility determinations. No salts of the hexamethyl- 
piperazines had m. p.’s suitable for mixed melts, and the identity or 
otherwise of the two compounds could not be definitely decided. 

a-2:3:5:6-Tetramethylpiperazine on methylation and treat- 
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ment with methyl iodide gave a dimethiodide, m. p. 273°, and the 
base A therefore cannot be an «-pentamethylpiperazine. Attempts 
to prepare dl-8-1:2:3:5:6-pentamethylpiperazine by suitable 
“ blocking ”’ of the nitrogen atoms failed. 

The product of the reduction of 2: 3:5: 6-tetramethylpyrazine 
methiodide is therefore mainly y-2:3:4:5:6(or 1:2:3:5: 6)- 
pentamethylpiperazine mixed with small quantities of an isomeric 
compound which has not been correlated with any tetramethyl base. 


ExPERIMENTAL. 


2:3:5:6-Tetramethylpyrazine methiodide (compare Wolff, Ber., 
1887, 20, 429) was obtained by heating tetramethylpyrazine with a 
slight excess of methy] iodide at 100° during several hours. The 
dark-coloured product separated from alcohol in yellow prisms, m. p. 
212° (Found : I, 45-6. Cale. for C,H,;N,I: I, 45-7%). It is easily 
soluble in water, alcohol and chloroform, less readily so in acetone, 
and almost insoJuble in light petroleum, ether and benzene. 

Reduction of the Methiodide and Fractionation of the Product.—The 
methiodide was reduced in 50 g. batches by dissolving it in rectified 
spirit, with the addition of a little water, and shaking in hydrogen, 
with platinum oxide—platinum (0-5 g.) as the catalyst. After 4—6 
hours, when about 12 litres of hydrogen had been absorbed, the 
colourless solutions from five such batches were evaporated under 
reduced pressure to a syrup (no alkaline vapours were evolved), 
which crystallised easily on the addition of absolute alcobol, and was 
exhaustively fractionated from this solvent. The less soluble 
fractions consisted of y-2 : 3:4: 5: 6-pentamethylpiperazine mono- 
hydriodide (see below) (217 g.). The mother-liquors on evaporation 
resisted crystallisation and the base was therefore converted into its 
hydrochloride, and this salt fractionated from aqueous alcohol, 
alcohol, and acetone successively. The phenylthiourea prepared 
from each fraction in nearly theoretical yield by the addition of the 
equivalent quantity of aqueous sodium hydroxide and phenyl iso- 
thiocyanate had m. p. 110—124°, and 120—121° after successive 
erystallisations from light petroleum, alcohol, light petroleum, and 
acetone (Found: C, 66-2; H, 8-6. C,,H,,N,S requires C, 66-0; H, 
8-6%). The combined fractions were hydrolysed with hydrochloric 
acid, and the hydrochloride formed was crystallised from alcohol and 
aqueous acetone (Found: Cl, 30-9. C,H,)N,,2HCl requires Cl, 
31-0%). The thiourea re-formed from this hydrochloride had m. p. 
121°. 0-5 G. of the hydrochloride was converted into the p-toluene- 
sulphony] derivative (pyridine), which after crystallisation had m. p. 
124° and was identical with the derivative obtained from the y-base. 
The thiourea, m. p. 121°, is therefore a mixture containing some of the 
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y-derivative (m. p. 154°). The hydrochlorides and phenylthio- 
ureas being useless for effecting a separation, the bases were con- 
verted into hydrobromides, which crystallised easily from aqueous 
alcohol; fractions of this salt again gave thioureas, m. p. 121°. An 
attempt to separate the bases by the fractional formation of their 
thioureas by shaking with successive small quantities of phenyl iso- 
thiocyanate gave specimens of the thiourea all of which melted 
between 119° and 123° and appeared to be identical. 

The whole of the mixture of bases was then converted into the 
p-toluenesulphonyl derivative, which was separated, with the aid 
of light petroleum and alcohol, into a less soluble fraction, m. p. 
124° (the y-isomeride), and a new derivative, m. p. 99—100° (of the 
base A). Mixtures of this with p-toluenesulphonyl-dl-8-2 :3:4:5:6- 
pentamethylpiperazine (see later) melted indefinitely at about 80° 
and there is therefore no doubt that the two substances are different. 

The p-toluenesulphonyl derivative of A (0-1 g.) was heated with 
hydrochloric acid at 120° during 4 hours, and the base isolated as 
hydrochloride by distillation in steam; it yielded a thiourea, m. p. 
122—123°, a value almost identical with that of the mixture with the 
y-isomeride. 

The pyridine distilled from the preparation of the p-toluenesulph- 
ony] derivative was dissolved in water and successive quantities of 
phenyl isothiocyanate were added until no more thiourea was 
formed ; all the fractions of thiourea thus prepared melted at 122— 
123°, and probably consisted of the nearly pure derivative of A. 

The hydrochloride of A was methylated with formalin, the resulting 
base obtained in ethereal solution and treated with methyl iodide. 
The monomethiodide of the hexamethylpiperazine so formed was 
crystallised from acetone—methyl alcohol and had m. p. 275° (de- 
comp.) (Found: I, 41-4. C,,H,;N,I requires I, 40-7%). This 
m. p. was not depressed by the addition of the methiodide of di-8- 
1:2:3:4:5:6-hexamethylpiperazine, but so much decomposition 
occurred that there was no evidence of identity. 

y-2:3:4:5:6-Pentamethylpiperazine hydriodide, obtained as 
described above, crystallises from water or alcohol in prisms, m. p. 
161—162° (Found: I, 44:5. C,H, )N,,HI requires 1, 44:7%) : it is 
very easily soluble in water and in hot alcohol. 

y-2:3:4:5: 6-Pentamethylpiperazine forms a monohydrate which 
is easily soluble in alcohol and ethyl acetate, and fairly so in benzene 
and ether, probably with decomposition of the hydrate. It crystal- 
lises (best) from acetone in prisms, m. p. 73—74°. Water is lost over 
calcium chloride in a desiccator and the (liquid) free base is gradually 
produced ; the hydrate was therefore dried for analysis by standing 
over the free base (Found : C, 60-8; H, 12-4. CyHy9N,,H,O requires 
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C, 62-1; H, 12-6%). The free base, in a moist atmosphere, took up 
8-8%: the monohydrate requires 10-3%, and the difference is 
doubtless due to volatilisation of the base. The free base has b. p. 
201—202° and crystallises in prisms, m. p. 4—5°; it is exceedingly 
hygroscopic. 

y-2:3:4:5: 6-Pentamethylpiperazine dihydrochloride crystallises, 
by the addition of acetone to an aqueous-alcoholic solution, in 
minute, hygroscopic, colourless needles, m. p. ca. 300°. It is almost 
insoluble in aleohol but very readily soluble in water (Found: Cl, 
31-0, 31-1. C,H, N,,2HCl requires Cl, 31-0%). 

y-2:3:4:5:6-Pentamethylpiperazine dihydriodide crystallises 
from absolute alcohol in prisms, m. p. 240° (decomp.), and is readily 
soluble in alcohol, methyl alcohol and water, almost insoluble in 
acetone and ethy] acetate (Found in material dried in a vacuum at 
120°: I, 61-8. C,H,)N,,2HI requires I, 61-6%). 

y-2:3:4:5:6-Pentamethylpiperazine phenylthiourea crystallises 
from light petroleum (b. p. 100—120°) in small colourless prisms, 
m. p. 154° (Found: C, 66-0; H, 8-7. C,,H,;N,S requires C, 66-0; 
H, 86%). It is easily soluble in alcohol and benzene, but much 
more sparingly so in light petroleum. 

p-Toluenesulphonyl-y-2 : 3: 4:5 : 6-pentamethylpiperazine crystal- 
lises from light petroleum in needles and from alcohol, in which it is 
much more soluble, in prisms, m. p. 124° (Found: C, 61-8; H, 8-5. 
C,gH,,0.N.S requires C, 62-0; H, 8-4%). The same substance was 
also obtained by methylation of 1-p-toluenesulphonyl-y-2 : 3 : 5: 6- 
tetramethylpiperazine (J., 1929, 2896) with methyl iodide or with 
formalin, thus proving that the tetra- and the penta-methyl] base have 
the same configuration. The hydrochloride crystallises from alcohol 
in colourless prisms, m. p. 250° (Found in salt dried at 100° in a 
vacuum: Cl, 10-3. C,gH,g0,N,8,HCl requires Cl, 10-25%). 

1-Nitroso-y-2 : 3: 4: 5 : 6-pentamethylpiperazine was prepared in 
the usual way and isolated by extraction with ether and distillation 
under reduced pressure. It is a pale yellow oil, b. p. 155—157°/15 
mm., very readily soluble in light petroleum, alcohol, ether, carbon 
disulphide, and less soluble in hot than in cold water. It solidified 
when cooled, m. p. 24—25°, but could not be recrystallised satis- 
factorily. A benzene solution treated with hydrogen chloride gave 
an oily precipitate which solidified easily and was washed with ether 
(Found: Cl, 16-3. C,H,,ON;,HCl requires Cl, 16-05%). This 
hydrochloride is almost insoluble in acetone but readily soluble in 
water and alcohol. 

y-1:2:3:4:5:6-Hexamethylpiperazine dihydrochloride was ob- 
tained from the hydrochloride of the pentamethyl base by boiling it 
with 40% formalin; it crystallised from aleohol (Found: Cl, 28-9, 
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29-4. C, Hg .N,,2HCl requires Cl, 29-2%). The free base had b. p. 
211—212°. 

The hexamethyl base just described yielded a monomethiodide 
which crystallised from methyl alcohol—acetone in colourless needles, 
m. p. 272—274° (decomp.) (Found: I, 40-7. C,,H,;N,I requires I, 
40-7%). It was also obtained from y-2 : 3 : 5 : 6-tetramethylpiper- 
azine dihydrochloride by treatment successively with formalin and 
methyl iodide. Attempts to make the dimethiodide by heating 
the monomethiodide with methyl iodide in a sealed tube at 150° 
were unsuccessful, as no interaction occurred (Found : I, 41-0%). 

p-Toluenesulphonyl-dl-8-2 : 3: 4: 5 : 6-pentamethylpiperazine was 
prepared by methylation of 1-p-toluenesulphonyl-f-2 : 3:5: 6- 
tetramethylpiperazine with methyl iodide or formalin; it crystallises 
from alcohol or light petroleum in small prisms, m. p. 100—101°, 
and it was not identical with the sulphonyl derivative of the base A 
(p. 1337). 

dl-8-2:3:4:5:6-Pentamethylpiperazine phenylthiourea. The 
toluenesulphonyl derivative just described was hydrolysed by 
heating it with concentrated hydrochloric acid at 120° during 
8 hours and the base was isolated and converted into the thiourea 
in the usual way. It crystallised from light petroleum (b. p. 100— 
120°) in prisms, m. p. 95°, and was markedly different from the 
corresponding derivative of the base A (Found: C, 66-0; H, 8-5. 
C,,H.;N,8 requires C, 66-0; H, 8-6%). 

dl-8-1:2:3:4:5:6-Hexamethylpiperazine, obtained from the 
corresponding tetramethyl base with formalin, had b. p. 203—204°. 
With a methyl-alcoholic solution of methyl iodide, a monomethiodide 
separated at once, m. p. 275° (decomp.) after washing with acetone 
(Found: I, 40-8. C,,H,;N,I requires I, 40-7%). 

4-Nitroso-1-p-toluenesulphonyl-dl-B-2 : 3 : 5 : 6-tetramethylpiper- 
azine was obtained from an acetic acid solution of the p-toluene- 
sulphony] derivative and nitrous acid ; it crystallised from alcohol in 
small prisms, m. p. 153—154° (Found: C, 55-3; H, 7-1. C,;H,,0,N,8 
requires C, 55-4; H, 7-1%). It is easily soluble in hot acetone, 
moderately so in hot alcohol, and almost insoluble in cold alcohol. 

4-Amino-1-p-toluenesulphonyl-dl- 8-2 : 3 : 5 : 6-tetramethylpiper- 
azine was obtained by reduction of the last-mentioned compound 
with aluminium amalgam and aqueous alcohol. It crystallises from 
hot alcohol in colourless needles, m. p. 140—141°. It is easily 
soluble in benzene and chloroform, and fairly so in ether: it is 
insoluble in water, but dissolves in dilute acids. The passage of 
hydrogen chloride through the ethereal solution yielded an oily 
hydrochloride, which crystallised easily and was washed with acetone 
(Found : Cl, 10-1. C,;H,;0,N,8,HCl requires Cl, 10-2%). 
xx2 
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a-l:2:3:4:5:6-Hexamethylpiperazine. Unlike the @- and the 
y-tetramethylpiperazine, the «-isomeride is not methylated by boiling 
formalin, even after 8 hours or more. The dihydrochloride (3 g.) 
was therefore heated with 40% formalin (10 c.c.) at 160—180° 
during 6 hours, and the product crystallised from alcohol (Found : 
Cl, 29-2. C,9H,.N,,2HCl requires Cl, 29-2%). The anhydrous base 
had b. p. 198—200°. With methyl iodide, under the same conditions 
which lead to the production of monomethiodides with the B- and 
the y-base, this base yields a dimethiodide, m. p. 272—273° (decomp.) 
(Found: I, 55-6. C,,H,,N,I, requires I, 55-8%). It is very 
sparingly soluble in alcohol, methyl alcohol and acetone, but easily 
soluble in hot water, from which it separates in small cubes or 
octahedra. 

«-Hexamethylpiperazine in acetone solution with ethyl iodide 
slowly deposited needles of the monoethiodide (Found: I, 39-0. 
C,,H,,N,I requires I, 38-9%). This substance is the only mono-N- 
derivative of the «-series of bases which has been prepared. 


THe UNIvERsITy CHEMICAL LABORATORY, 
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174. Cannabis indica Resin. Part III. The 
Constitution of Cannabinol. 


By Rosert SIpNEY CAHN. 


Ow1ne to the improved method (J., 1931, 630) of isolating 
cannabinol from the high-boiling, pharmacologically active fraction 
of Cannabis indica resin (hashish, etc.), it has become possible to 
examine the reactions of this substance in greater detail and to 
suggest tentatively a formula for it. 

Cannabinol has the molecular formula C,,H,,0,. The formula 
Cy5H,,0., which is not conclusively excluded by the analytical data, 
is shown below to be inconsistent with chemical evidence. Cannab- 
inol readily forms a trinitro-derivative, which on oxidation affords 
nitrocannabinolactone, C,,H,,0,.°"NO, (loc. cit.). In a previous 
paper (J., 1930, 986) it was shown that the last substance is probably 
represented by formula (I) or (II). It can be converted into the 
lactonic acid, cannabinolactonic acid (Wood, Spivey, and Easter- 
field, J., 1899, 75, 20), which is represented by (III) or the corre- 
sponding formula derived from (II). This acid has now been 
oxidised to trimellitic acid (IV), and it follows that cannabinolactonic 
acid must be represented by formula (III) and nitrocannabino- 
lactone by formula (I). This has been confirmed by a repetition of 
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Bargellini and Forli-Forti’s synthesis of the acid (III) (Gazzetta, 
1910, 40, ii, 74; compare Tasman, Rec. trav. chim., 1927, 46, 653); 


Me CO,H CO,H 
NO) 
—O -—— > _—C C 
\ J ° | Oo —- ’ VA a 
CMe,-O CMe,-O 1V. 
(I) ie : 
Me CO,H CO,H 
CMe 
NO 2 @::: NO 
U aieye Tab 0,H CO,H 
10, 
(V.) (VI. ) 


the wei. art is identical with cannabinolactonic acid. Dr. 
Bergel has informed the author that he has synthesised cannabino- 
lactone and cannabinolactonic acid, and is now in agreement with 
the views here put forward. 

A tribasic nitro-acid, C,H;,0,N, m. p. 228—230°, was obtained by 
Wood, Spivey, and Easterfield by nitric acid oxidation of nitro- 
cannabinolactone. Schultz and Herzfeld (Ber., 1909, 42, 3607) 
ascribe the structure (V1) to an acid, m. p. 175°, which they obtained 
by oxidation of 6-nitro-y-cumene; the orientation of this appears 
to be well established,* and it was concluded in Part I of this series 
that the acid, m. p. 228—230°, must be 4-nitrohemimellitic acid (V) 
and that nitrocannabinolactone must be represented by the altern- 
ative formula (II). Since, however, formulation of nitrocannabino- 
lactone as (I) is now beyond dispute, it is concluded that the acid, 
m. p. 228—230°, is 5-nitrotrimellitic acid (VI). It is possible that 
the acid, m. p. 175°, described by Schultz and Herzfeld was a 
nitrodimethylbenzoic or nitromethylphthalic acid, since they used a 
quantity of chromic acid which was sufficient for oxidation of only 
two methyl groups. 

Examination of trinitrocannabinol led previously to the conclusion 
that it was a polynitrophenoi; and it followed that cannabinol itself 
was a phenol, although it does not give a colour with ferric chloride 
and is insoluble in alkali. This view has been confirmed by further 
investigation. First, treatment of cannabinol with methyl iodide 
or sulphate in acetone solution in the presence of potassium carbon- 
ate yields a methyl ether, m. p. 66°. Ready methylation by the 
former method is generally considered to be diagnostic of phenolic 


* The orientation of the nitro-group in nitrocannabinolactoneis conclusively 
proved by previous work of the present author. 
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hydroxyl groups (King and Robertson, J., 1931, 1705; compare 
also J., 1928, 22; 1930, 2434). Secondly, nitration of cannabinol 
methy] ether by fuming nitric acid in cold acetic acid gives a dinitro- 
derivative (probably a mixture of dinitro-isomerides), but no tri- 
nitro-derivative; similar nitration of cannabinol gives trinitro- 
cannabinol, the methyl ether of which is rapidly hydrolysed by hot 
piperidine. This peculiar hydrolysis has been shown (J., 1931, 
1121) to occur with a number of nitrophenols. Dinitrocannabinol 
methyl ether is only slowly hydrolysed by piperidine. The resulting 
dinitrocannabinol is readily nitrated to form trinitrocannabinol. 
Since all the nitrations were carried out under similar conditions, 
these relations are most readily harmonised with consideration of 
cannabinol asa phenol. Thirdly, independent evidence to the same 
effect is that cannabinol has a “ critical oxidation potential ”’ of 
0-995 volt (compare Fieser, J. Amer. Chem. Soc., 1930, 52, 5204). 
The author is greatly indebted to Professor L. F. Fieser for this 
determination. He writes: ‘‘ Cannabinol behaves like a sub- 
stituted phenol; the potential is close to that of 8-naphthol. I have 
studied many alcohols and ary] carbinols, and in no case is there any 
sign of a potential.”’ This view also explains the instability of 
cannabinol towards cold permanganate as contrasted with the 
stability of its acyl derivatives and methyl ether. 

In the previous investigation it was tentatively concluded that 
the second oxygen atom of cannabinol was ethereal. Further 
evidence, still unfortunately negative, to the same effect is now 
brought forward: cannabinol does not react with 2 : 4-dinitro- 
phenylhydrazine; the methyl ether does not react with sodium and 
cannot be acylated; and with phosphorus pentachloride in ether, 
substitution but not replacement of hydroxyl by chlorine occurs. 

Attempts to reduce cannabinol, acetyleannabinol, &nd the crude 
high-boiling resin catalytically failed. When the resistance of the 
methyl ether and acyl derivatives to oxidation (vide infra) is also 
considered, it must be concluded that cannabinol does not contain 
an ethylenic linking. 

Oxidation of cannabinol with permanganate or with nitric acid 
destroyed the phenolic portion of the molecule, and milder oxidising 
agents gave intractable products which were probably polymolecular. 
To obtain further information concerning the ten carbon atoms not 
represented by cannabinolactone, derivatives in which the phenolic 
group was protected were examined. The benzenesulphonyl and 
m-nitrobenzenesulphonyl derivatives were prepared, but the former 
proved difficult to crystallise and was not investigated in detail. 
The latter, as well as acetylcannabinol and cannabinol methy] ether, 
is stable to cold permanganate, but heating with this reagent causes 
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deep-seated degradation. The methyl ether was largely recovered 
unchanged, the portion attacked having been completely dis- 
integrated. Oxidation of the m-nitrobenzenesulphony] derivative 
in hot acetic acid yielded potassiwm m-nitrobenzenesulphonate. This 
result indicated that the phenolic nucleus was being attacked as 
with cannabinol itself. 

Attempts to achieve a graduated oxidation having thus failed, 
a large quantity of cannabinol was oxidised. With potassium 
permanganate in cold acetone, an amorphous substance was formed 
which was almost insoluble in acetone and thus escaped further 
oxidation. This substance could not be purified and was accordingly 
further oxidised with permanganate in hot aqueous pyridine, where- 
upon cannabinolactone, cannabinolactonic acid, and a mixture of 
aliphatic acids were obtained. The least volatile fraction of the acid 
mixture contained n-hexoic acid, which was identified as its anilide. 
n-Hexoic acid has frequently been reported as a product of oxidation 
of crude high-boiling Cannabis. resins (e.g., Casparis, Pharm. Helv. 
Acta, 1926, 1, 210; Bergel, Annalen, 1930, 482, 55), but, as was 
previously pointed out, this is without significance for a consider- 
ation of the pure substance, cannabinol. Wood, Spivey, and 
Easterfield obtained 1-85 g. of impure hexoic acid by oxidation of 
120 g. of trinitrocannabinol, which is a true derivative of cannabinol ; 
but confirmation of this result was highly desirable, since trinitro- 
cannabinol is exceedingly difficult to obtain pure (J., 1931, 630) and 
it could not be assumed that the hexoic acid was derived from 
cannabinol rather than from an impurity.: This doubt has now 
been removed by isolation of hexoic acid on oxidation of cannabinol 
prepared from the carefully purified crystalline acetyl derivative. 

It is now clear that cannabinol contains the carbon skeleton of 
cannabinolactone (11 carbon atoms), a second (phenolic) benzene 
nucleus, an ethereal oxygen atom, and a straight chain C;H,,°C. 
These components contain 23 carbon atoms, whereas cannabinol has 
only 21. The carboxyl groups of hexoic acid and cannabinolactone 
must therefore be derived by oxidation of the phenolic nucleus. 
The alternative formula C,,H,,0, cannot be reconciled with the 
products of oxidation. The partial formula (VII) is thus proved, 
and the most satisfactory way of completing it is that typified in 
formula (VIII). The hydroxyl and the n-amyl group must be 
attached to nucleus B, but the evidence in favour of the positions 
actually allotted to them in formula (VIII) isslender. The hydroxyl 
group is placed at position 5’’ because co-ordination of its hydrogen 
atom with the ethereal oxygen atom, as shown in the partial formula 
(IX), might account for the fact that cannabinol will not react with 
diazomethane in ethereal solution; the guaiacol structure is also in 
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accord with the ready oxidation of cannabinol. If the hydroxyl 
group be placed in position 5’’, consideration of the ease of disubstitu- 


Me 2H attached to 


(VII.) Ca a, pe C;H,, j nucleus B 
Me,- >0 


cannabinolactone 





M C;H,, 

es pe 
Nite 8 CMe,— eer ae 
(VIIL.) (IX.) 


tion of nucleus B favours position 3’’ for the amyl group. It may 
be expected that a substance of type (VIII) will behave towards 
substituting agents primarily as a diphenyl derivative; thus, 
nitration of cannabinol methyl ether leads primarily to the 4’ : 4”- 
dinitro-compound,* together with some 2’’- or 2’-isomeride. The 
methoxyl group in position 5’ will tend to increase the amount of 
substitution in position 2’, thus accounting for the large amount of 
isomeride formed in the dinitration of the ether. The 4’: 4’’-di- 
nitrophenol obtained on hydrolysis of the ether has no substituent in 
the position para to the hydroxyl group and is accordingly very 
readily and homogeneously further nitrated. 

Whilst 3: 4:5: 6-dibenzo-1 : 2-pyrans have not, so far as the 
author is aware, been observed hitherto to occur in nature, various 
portions of formula (VIII) may be recognised. o-Hydroxy- 
o’-carboxydipheny] derivatives occur in tannin substances; embelin 
contains an aliphatic (C,,) side chain attached to a phenolic nucleus ; 
the left-hand portion of the formula contains the p-cymene skeleton ; 
and the oxygen atoms are in the p- and m-positions with regard to 
the side chain. (It isnot, of course, contended that all these relations 
are simultaneously of phytogenetic importance.) Nevertheless, 
formula (VIII) is regarded as tentative only, particularly with respect 
to the position of the substituents in nucleus B, and, whilst degrad- 
ative experiments with cannabinol will be continued, substances 
of the type considered will be synthesised and examined for com- 
parative purposes. 

EXPERIMENTAL. 


Benzenesulphonylcannabinol.—Benzenesulphony! chloride (2 c.c.) 
was heated with cannabinol (2 g.) in dry pyridine (4 c.c.) for 30 


* The proved structure of nitrocannabinolactone proves the position (4’) of 
the nitro-group entering nucleus A, in accordance with the above speculations- 
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minutes, the mixture added to water, and the precipitated uncrystal- 
lisable oil refluxed for 2 hours with alcoholic potassium hydroxide ; 
on cooling, benzenesulphonylcannabinol separated as an oil which 
crystallised after 2 days; recrystallised from alcohol, in which it 
was sparingly soluble, it formed colourless needles, m. p. 70-5° 
(Found: C, 71-8; H, 6-8; S, 7-15. C,,H,,0,8 requires C, 71-95; 
H, 6-7; 8, 7-1%). The yield was poor. 

m-Nitrobenzenesulphonylcannabinol.—(i) Cannabinol (1-9 g.), 
m-nitrobenzenesulphony] chloride (1-5 g.), and pyridine (6 c.c.) were 
heated on the water-bath for 2-5 hours; when the cooled mixture 
was poured into alcohol, m-nitrobenzenesulphonylcannabinol (2-0 g.) 
separated ; after two crystallisations from-a mixture of alcohol and 
a little benzene, it formed pale yellow, diamond-shaped plates, m. p. 
125—126° after sintering at 123° (Found : C, 65-6; H, 5-95; S, 6-4; 
N, 2-8. C,,H ,0,NS requires C, 65-4; H, 5-9; 8, 6-5; N, 2-8%). 
It is sparingly soluble in alcohol and cold acetic acid, readily soluble 
in the latter when hot, and in benzene and acetone; it is slowly 
resinified by sodium hydroxide in hot aqueous acetone. 

(ii) “Crude cannabinol” (fraction E; J., 1931, 634; 7-7 g.), 
pyridine (25 ¢e.c.), and m-nitrobenzenesulphonyl chloride (15 g.) 
were heated on the water-bath for 3 hours, cooled, and shaken with 
benzene and an excess of dilute hydrochloric acid; a considerable 
amount of black tar (from which no workable product could be 
isolated) remained insoluble in both layers. The benzene solution, 
when dried and evaporated, gave a black resin; this, when dissolved 
in acetic acid and cooled, deposited m-nitrobenzenesulphonyl- 
cannabinol (3-55 g.; 28% theor.), m. p. 121°, which after recrystal- 
lisation from acetic acid melted at 125° alone or when mixed with 
the product obtained from pure cannabinol. A further small 
quantity slowly separated when the original mother-liquors were 
exposed to the air. An attempt to prepare the benzenesulphonyl 
compound similarly from crude cannabinol failed. 

Powdered potassium permanganate (25 g.) was added gradually 
to a solution of the above compound (4 g.) in acetic acid (40 c.c.) 
heated on the water-bath. The mixture, when worked up in the 
usual way, afforded potassium m-nitrobenzenesulphonate, which 
crystallised unchanged from acetic acid in large colourless needles, 
m. p. above 310° (Found: C, 29-85; H, 1-8; ash, 32-65; N, 5-45; 
8, 13-2. C,H,O;NSK requires C, 29-85; H, 1-7; K,SO,, 36-1; 
N, 5-8; S, 13-2%); it is fairly readily soluble in water, from which 
it can, however, be recrystallised. 

Cannabinol Methyl Ether—Cannabinol (7 g.), methyl sulphate 
(21 c.c.), acetone (40 c.c.), and anhydrous potassium carbonate 
(40 g.) were heated under reflux for 2 hours; the mixture was 
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cooled, treated cautiously with aqueous ammonia (20 c.c., d 0-880), 
and then with water (100 c.c.); the methyl ether separated as an 
oil, which soon solidified, and when crystallised from methyl] alcohol 
formed colourless plates (6-0 g.), m. p. 66°, b. p. 265°/32 mm. (Found : 
C, 81-1; H, 8-7; MeO, 6-2. C,,H,,;0-OMe requires C, 81-4; H, 8-7; 
MeO, 9-6%). Explosions occurred at the end of the distillation of 
the crude (but not of the pure) product. The ether is very soluble 
in benzene, ligroin, acetone, and ether, but can be crystallised from 
methyl or ethyl alcohol or acetic acid. The same ether (mixed 
m. p.) was obtained when methyl iodide was substituted for methyl 
sulphate. It (m. p. 65° alone or when mixed with the above product) 
was also obtained from ‘‘ crude cannabinol ”’ (fraction E; loc. cit. ; 
18 g.) by use of methyl sulphate, after a tedious series of distillations 
and fractionation by solvents; cannabinol methyl ether became 
concentrated in the fractions of intermediate solubility in methyl 
alcohol, and solubility relations are considered to account for the low 
yield (0-6 g.). 

Cannabinol and acetyleannabinol did not react with ethereal 
diazomethane. Acetyleannabinol was recovered unchanged after 
heating under reflux with acetone and anhydrous potassium carbon- 
ate for 2 hours, addition of methyl sulphate, and heating for a 
further 2 hours. Addition of silver oxide to a cold solution of 
cannabinol in methyl iodide, or heating cannabinol with benzene, 
methyl iodide, and silver oxide, led to amorphous substances, 
probably polymolecular oxidation products. 

The methyl ether was recovered unchanged after heating at 100° 
for 1 hour with acetic anhydride and a few drops of pyridine, and 
after heating at 190—210° for 4 hours with aniline (10 parts) and 
aniline hydrochloride (5 parts). In the latter case a little dark blue 
insoluble material was formed. 

The methyl ether is stable to boiling aqueous alkaline potassium 
permanganate, but is slowly oxidised in acid solution. The ether 
(5 g.) was slowly oxidised in boiling acetone (40 c.c.), addition of 
20 g. of permanganate requiring 8 hours; 4-7 g. of the ether were 
thereafter recovered unchanged, together with a trace of an acid 
which could not be purified. The ether (4-7 g.) in pyridine (25 c.c.) 
did not reduce potassium permanganate when cold, but reaction set 
in slowly when the mixture was boiled; after addition of 18 g. of 
permanganate, the mixture was worked up in the usual way and 
gave 3-2 g. of slightly impure ether and a trace only of insoluble 
acidic material. 

Chlorination of Cannabinol Methyl Ether—Cannabinol methyl 
ether (1 g.), phosphorus pentachloride (1 g.), and dry ether (10 c.c.) 
were heated under reflux for 8 hours. The cooled solution was shaken 
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successively with cold water, sodium carbonate solution, and water, 
dried, and evaporated. The residual oil was dissolved in hot alcohol. 
On cooling, crystals, m. p. 118—121°, separated; on recrystal- 
lisation a mixture of long prismatic needles and thick diamond- 
shaped plates, m. p. 122—124°, was obtained (0-35 g.). According 
to analyses [Found: C, 74:5; H, 7-9; Cl, 8-8; MeO, 7-4. 
C,,H,,OCl-OMe (A) requires C, 73-6; H, 7-6; Cl, 9-9; MeO, 8-6. 
C,,H,,Cl-OMe (B) requires C, 77-0; H, 8-9; Cl, 10-35; MeO, 9-05%] 
the product is a mixture of chlorocannabinol methyl ether (A) and 
unchanged cannabinol methyl ether (but see below), and not the 
product (B) formed by replacement of the hydroxyl group by 
chlorine. The material did not suffice for further purification, as 
the products exhibited similar solubilities in all the solvents tried. 
The product was unaffected by hot aqueous-alcoholic potassium 
hydroxide solution and by hot piperidine; the halogen has, 
therefore, entered an aromatic nucleus. 

Cannabinol methyl ether and chloramine-T (equivalent to 1 mol. 
of available chlorine) in acetic acid gave a mixture from which a small . 
quantity of the characteristic diamond-shaped plates, m. p. 126— 
127°, was obtained. It appeared to contain some dichloro-deriv- 
ative (Found : Cl, 10-45%). Mixed with the first product, it melted 
at 125—126°, thus confirming the conclusion that th» latter is a 
substitution product. 

Passage of chlorine into a solution of cannabinol methyl ether in 
cold glacial acetic acid gave an amorphous, pale yellow, phototropic 
substance, which could not be purified. l 

Dinitrocannabinol Methyl Ether.—Cannabinol methyl ether (1 g.) 
was added during 15 minutes to a mechanically stirred mixture of 
acetic acid (5 c.c.) and nitric acid (3 c.c.,d 1-5). After being kept in 
ice for 30 minutes, the dinitro-ether which ‘had separated was 
collected, washed with acetic acid, and crystallised from ethyl 
alcohol containing a little benzene; it formed pale yellow plates or 
needles (0-3 g.), m. p. 174—-175° [Found : C, 63-25; H, 6-2; N, 7-0; 
MeO (determined as NMe), 9-2. C,,H,,0(OMe)(NO,), requires 
C, 63-75; H, 63; N, 68; MeO, 7:5%]. A micro-methoxyl 
determination gave only a trace of silver iodide. The same 
phenomenon -was observed with trinitrocannabinol methyl ether 
and to a lesser extent with the ethers of cannabinol and chloro- 
cannabinol. Larger amounts of low-melting mixtures (which could 
not be separated) were obtained from the mother-liquors in the above 
preparation. A similar experiment (on a smaller scale), in which the 
temperature was allowed to rise, gave the same substance as main 
product, thus indicating that there is little tendency for trinitration to 
occur. Theimpurities are, therefore, presumably position isomerides. 
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Dinitrocannabinol._—The above dinitro-ether (0:3 g.) was only 
slightly hydrolysed by piperidine (2 c.c.) during 80 minutes at 100°. 
After boiling under reflux for 48 hours, the orange solution was 
poured into dilute acid, and the precipitate coagulated by warming 
and collected. When rubbed with dilute sodium hydroxide 
solution, it formed a bright yellow sodium salt, which dissolved in 
much hot water to an orange solution; acidification of the filtered 
solution precipitated dinitrocannabinol, which was coagulated by 
warming and collected; it formed pale yellow, felted needles (from 
slightly diluted acetic acid), m. p. 182—183° [Found: C, 62-6; 
H, 6-2; N, 6-6. C,,H,,0,(NO,), requires C, 63-0; H, 6-0; N, 
7-0%]. When the phenol (13 mg.) was added to a cold mixture of 
acetic acid (0-4 ¢.c.) and nitric acid (0-22 c.c., d 1-5), kept for 15 
minutes, and the product precipitated with ice and recrystallised 
from acetic acid, trinitrocannabinol, m. p. 160° alone or mixed with 
an authentic specimen, was obtained. 

Oxidation of Cannabinol_—When finely powdered potassium 
* permanganate (50 g.) was added gradually to cannabinol (40 g., from 
recrystallised acetyleannabinol) in acetone (190 c.c.), decoloration, 
at first rapid, became later extremely slow. When the mixture was 
worked up, very small quantities of a lactone, a fatty acid, and a 
non-volatile acid (mainly cannabinolactonic acid) were obtained. 
The main product was recovered from the oxides of manganese by 
sulphur dioxide; it formed a brown amorphous substance (45 g.) 
(A), insoluble in acetone, acetic acid, or alkalis, slightly soluble in 
hot pyridine, rather more so in hot acetic anhydride, separating 
therefrom in an amorphous state on cooling; it dissolved in hot 
nitrobenzene, toluene, and anisole, but did not separate from these 
solvents on cooling; it was readily soluble in ether. A similar 
product was obtained on treating cannabinol (1-5 g.) in acetic acid 
with chromic acid (0-65 g.) at 25°. 

Powdered potassium permanganate (200 g.) was added during 
40 hours to a solution of the substance A (40 g.) in pyridine (233 c.c.) 
and water (148 c.c.), which was heated on the water-bath; decolor- 
ation, at first rapid, became later very slow. The manganese 
dioxide was filtered off, well washed with pyridine, and then boiled 
out five times with water (750 c.c. portions) ; it still contained 1 g. of 
amorphous substance, probably unchanged A. The filtrate and 
washings were distilled in steam until the distillate no longer became 
turbid when saturated with ammonium sulphate. Pyridine distilled 
first and then an oil which was only slightly soluble in water; the 
distillates were acidified, saturated with ammonium sulphate, and 
extracted twice with ether; the oil obtained on drying and removal 
of the ether distilled at 165°/27 mm. (yield, 1-3 g.) and was identified 
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as cannabinolactone by hydrolysis with boiling aqueous-alcoholic 
alkali (2 hours), removal of the alcohol, and subsequent oxidation 
with permanganate to cannabinolactonic acid, m. p. 202—204° 
(Wood, Spivey, and Easterfield state that cannabinolactone boils at 
290-5°/768 mm. and 126°/20 mm.; the latter b. p. is presumably 
a misprint for 156°/20 mm., as a specimen prepared during the 
present work from nitrocannabinolactone by their method had 
b. p. 150°/16 mm., which is also in better accord with the figure for 
768 mm.). The liquors from the steam distillation were concen- 
trated, acidified with sulphuric acid, and again distilled in steam. 
The distillate was saturated with ammonium sulphate and extracted 
five times with ether; the ethereal solution was concentrated 
(column) and shaken twice with sodium carbonate solution. The 
ethereal solution, when dried and evaporated, now gave only a small 
amount of a neutral oil (? lactone) which partly solidified; the 
quantity was insufficient for further investigation. The alkaline 
extracts were acidified, saturated with ammonium sulphate, and 
extracted five times with ether; after drying and removal of the 
ether, liquid acids remained, which smelt strongly of the lower fatty 
acids; these gave on distillation the following fractions: (i) below 
120°, ether and 0-2 g. of acid; (ii) 120—160°, 0-7 g.; (iii) 160—190°, 
mostly 176—182°, 1-7 g.; (iv) residue, ca. 0-5 g. Eight determin- 
ations of the boiling point of fraction (iii) by Emich’s method 
(Monatsh., 1917, 38, 219) gave values from 175° to 185°; two of the 
residue gave 180°; two controls with pure n-hexoic acid gave the 
correct b. p. 205°. As these fractions contained mostly n-hexoic 
acid with some lower acids, it appears, as might be expected, that 
Emich’s method, though accurate for pure substances, indicates the 
boiling point of the more volatile component of mixtures. Fraction 
(iii) gave an anilide, m. p. 74—77°, which after three crystallisations 
from ligroin (b. p. 60—80°) had m. p. 80—81°. Fraction (iv) gave 
an anilide, m. p. 81—83°, which after five crystallisations melted 
at 88-5—90° alone (Found: C, 75-2; H, 8-8; N, 7-3. .Calc. for 
C,.H,,ON: C, 75-4; H, 9-0; N, 7:3. Cale. for C,,H,,ON: C, 
74:5; H, 8-5; N,7-9%), at 68—99° when mixed with isovaleranilide, 
and at 93—94° when mixed with n-hexoanilide (m. p. 95°). -Valer- 
anilide melts at 63°. The experimental evidence indicates that both 
the above fractions consisted of n-hexoic acid mixed with some 
n-valeranilide. 

The acid liquor from the second steam distillation was basified 
with sodium carbonate, filtered from amorphous material (8 g., 
soluble in ether; apparently unchanged A), concentrated, and 
acidified. The precipitated acid was dissolved in ether (a little dark 
impurity was insoluble), and obtained on evaporation as a slightly 
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sticky, red solid; several extractions with cold benzene removed a 
red oil (ca. 1 g.); the brown insoluble portion (5-5 g.) yielded on 
extraction with hot water (60 ¢.c.) 1 g. of cannabinolactonic acid, 
and on crystallisation of the residue from a little glacial acetic acid 
and then from water (charcoal) a further 2-7 g. of this acid, m. p. 
204—205°. This acid did not depress the melting point of synthetic 
4-carboxydimethylphthalide (III).* The latter process is well 
suited for the purification of this acid. Only indefinite substances 
were obtained from the acetic acid mother-liquors. 

The residual aqueous acid solution, when extracted continuously 
with ether, gave ca. 1 g. of a yellow oil, from which concentrated 
hydrochloric acid separated a quantity of solid material too small 
for purification. 

Dinitrocannabinolactone.—Trinitrocannabinol methyl] ether (1 g.) 
was heated under reflux for 2 hours with nitric acid (d 1-5; 10c.c.); 
more acid (5 c.c.) was then added, and the whole heated for a further 
6 hours. On addition to ice, an oil separated which rapidly solidified. 
After being washed, it was dissolved in boiling sodium carbonate 
solution, filtered, and reprecipitated by acidification. When 
crystallised twice from alcohol, it formed pale yellowish-brown 
plates (? prisms), m. p. 161° (yield, 30 mg.). It is slightly soluble 
in hot water, insoluble in cold alkalis, dissolves slowly in boiling 
aqueous sodium carbonate and more rapidly in hot sodium hydroxide 
solution ; it is precipitated unchanged from its solution in alkalis by 
acidification, and appears to be 6 : 2(or 5)-dinitrocannabinolactone 
(Found: C, 49-6; H, 3-8; N, 10-5. C,,H,,0,N. requires C, 49-5; 
H, 4:0; N, 10-5%). 

Oxidation of Cannabinolactonic Acid.—Cannabinolactonic acid 
(1 g.) was heated with nitric acid (d 1-2; 20 c.c.) for 24 hours at 
185—195°, and the resulting solution evaporated; the residue was 
crystallised from 5N-hydrochloric acid, freed from nitro-acid by tin 
and hydrochloric acid, the tin salts removed by hydrogen sulphide, 
and the solution concentrated; trimellitic acid crystallised in 
bunches of needles, m. p. 220° alone or mixed with an authentic 
specimen which was kindly supplied by Professor Ruzicka. The 
methyl ester was an oil, and the potassium salt was soluble in water 
(distinction from hemimellitic acid). 

Critical Oxidation Potential of Cannabinol.—Professor L. F. Fieser 


* The Sandmeyer reaction, applied to 4-aminodimethylphthalide, did not 
give the compound, m. p. 211—212°, reported by Bargellini and Forli-Forti 
(loc. cit.), nor did it proceed as smoothly as indicated by Tasman (loc. cit.). 
It yielded indeterminate compounds, which with hot alkalis gave copper 
oxide and cyanide ions; the lactonic acid was obtained in good yield by 
prolonged hydrolysis of the complex of lactonic nitrile and copper compound 
by means of hot 50% potassium hydroxide solution. 
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reports the following figures, the symbols having the same significance 


“as in his papers (loc. cit.). : 


Be, Mo, V.  cccccccccvee 1-0198 1-0252 1-0284 1-0401 1-0490 
% Oxidation ......... 20 25 28 32 45 
Corr. 2-0 mv. 
whence by a somewhat long extrapolation FL, = 0-995 + 0-010 v. 
Colour Reactions of Cannabinol and its Derivatives.—Cannabinol 
gives no colour when dissolved in absolute ethyl-alcoholic hydrogen 
chloride, or when a drop of hydrochloric or sulphuric acid is added 
to its solution in acetic acid. It dissolves in concentrated sulphuric 
acid to give a greenish-yellow solution with a slight green fluorescence 
(strong when viewed in an arc light); on warming or addition of a 
crystal of potassium dichromate, a deep brown colour (oxidation) 
develops. Acetyleannabinol and cannabinol methyl ether give 
similar fluorescent solutions in sulphuric acid. When a few drops 
of concentrated hydrogen peroxide are added to a solution of cannab- 
inol in glacial acetic acid, no change occurs in the cold (even after 
addition of ferrous sulphate), but on warming a deep reddish-purple 
colour rapidly develops. Acetyleannabinol and the methyl ether 
give similar, but much weaker colours, somewhat more slowly. 


The author is very grateful to Professor Sidney Smith, late 
Director of the Medico-Legal Department, Ministry of Justice, 
Cairo, for the hashish with which this investigation was carried out, 
and to the Chemical Society for a grant which partly defrayed the 
cost. Acknowledgment is also made to Imperial Chemical 
Industries Ltd. 


UNIVERSITY COLLEGE oF NorTH WALES, 
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175. The Reduction Products of Certain Cyclic 
Methyleneamines. Part II. 


By JoHN GRAYMORE. 


THE method employed for the preparation of secondary amines (J., 
1931, 1490) has been extended to other cyclic methyleneamines. In 
all the cases examined, the condensation 3R*-NH, + 3CH,O = 
(R-N°:CH,), + 3H,O proceeds normally to give a practically theoreti- 
cal yield of the cyclic base. These bases are stable in neutral or 
alkaline solution, but readily decompose in the presence of acid, 
rapidly on warming, evolving formaldehyde and giving the corre- 
sponding salt of the original primary amine used. They all form 
urates soluble in water, but the solubility of these is not so great as 
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in the previous cases studied. The bases form oily additive products 


with bromine and iodine, the investigation of which is not yet’ 


complete. 
Reduction with zinc dust and hydrochloric acid proceeds smoothly, 
the secondary alkylmethylamines being the main product, 
(R-N°CH,), + 3H, = 3R-NH-CH,. 


EXPERIMENTAL. 

Triisobutyltrimethylenetriamine.—20 G. of freshly distilled iso- 
butylamine (b. p. 68°), well cooled, were added gradually with shaking 
to an ice-cold solution of formaldehyde (21 g. of 40%). Immediate 
separation of an oily base took place. Caustic soda was added to 
complete the separation and the base was removed and finally 
dehydrated over barium oxide. It distilled from barium oxide as a 
colourless liquid, b. p. 255°, having the characteristic odour of these 
compounds ; d!8° 0-8220 [Found: C, 70-6; H, 12-9; WM, ebullioscopic 
in benzene, 254. (C,H,*N:CH,), requires C, 70-6; H, 129%; 
M, 255). 

The picrate crystallised from alcohol in squat prisms, m. p. 107° 
[Found: C, 52:1; H, 7-4. (C,H,°N°CH,),,C,H,0,N, requires C, 
52-1; H, 7-4%]. It decomposed in boiling water, evolving form- 
aldehyde; isobutylamine picrate, m. p. 148°, was isolated from the 
solution. 

The oxalate, precipitated by the base from a concentrated alcoholic 
solution of oxalic acid, crystallised from aqueous alcohol in pearly 
plates, m. p. 165° [Found : C, 59-1; H, 10-1. (C,H,*N°CH,)3,H,C,0, 
requires C, 59-1; H, 10-1%]. 

Reduction. The freshly distilled base (20 g.) was dissolved in 
well-cooled dilute hydrochloric acid, and zine dust (20 g.) added. 
Hydrochloric acid (110 g., d 1-16, diluted to 1 in 3) was added slowly 
with cooling. After 15 minutes, the mixture was very gradually 
heated to boiling (2 hours). Ebullition was maintained until any 
trace of formaldehyde perceptible had disappeared. The mixture 
of amines was distilled from excess of caustic soda into hydrochloric 
acid. Methylisobutylamine was isolated from this solution in the 
form of its nitroso-derivative, b. p. 185—186° (Stoermer and von 
Lepel, Ber., 1896, 29, 2110), converted into the hydrochloride, 
m. p. 177°, by heating with alcoholic hydrogen chloride, and 
regenerated therefrom (12 g.), b. p. 76—78°. 

The picrate crystallised from alcohol in yellow needles, m. p. 103° 
(Found: C, 41-7; H, 5-0. C;H,,;N,C,H,0O,N, requires C, 41-8; 
H, 5-1%). 

The hydrobromide, prepared by adding a slight excess of the base 
to hydrobromic acid and evaporating the solution in a vacuum, 
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crystallised from water in needles, m. p. 203° (Found: Br, 47-6. 
C;H,,N,HBr requires Br, 47-6%). 

2 : 4-Dinitromethylisobutylaniline crystallised quickly from a warm 
solution of 2: 4-dinitrochlorobenzene in alcohol on addition of a 
slight excess of methylisobutylamine ; m. p. 92—93° after recrystal- 
lisation from hot alcohol (Found: C, 52:1; H, 5-9. C,,H,;0,N, 
requires C, 52:2; H, 5-9%). 

Tri-n-butyltrimethylenetriamine.—This was prepared from n-butyl- 
amine (20 g.) and 40% formaldehyde (21 g.) in the cold. The oily 
base, dried over barium oxide for 2 days, had b. p. 285° and d!” 
0-8550 [Found : C, 70-6; H, 12-9; M, ebullioscopic in benzene, 248. 
(CyHg’N:CH,), requires C, 70-6; H, 12-99%; M, 255). 

The picrate was obtained from alcoholic solution as a syrup which 
crystallised after several days, and was recrystallised from aqueous 
alcohol, forming needles, m. p. 75—76°, slightly soluble in water. 
It decomposed when heated with water, evolving formaldehyde 
[Found: C, 52:0; H, 7-4. (C,H,'N°CH,),,C,H,0,N, requires 
C, 52-1; H, 7-4%]. 

The hydrochloride, obtained as a feathery mass from the base and 
hydrogen chloride in benzene, was extremely deliquescent [Found : 
Cl, 12-2. (C,H,*N°CH,),,HCl requires Cl, 12-2%]. 

Reduction. This was done, and the methyl-n-butylamine isolated, 
as in the case of the isobutyl compound. The nitrosoamine was a 
yellow oil, b. p. 198° (Found: C, 51-6; H, 10-35. C;H,,ON, 
requires C, 51:7; H, 10-35%), and the hydrochloride formed some- 
what deliquescent needles, m. p. 170° (Found: Cl, 28-7. Calc. for 
C;H,,N,HCl: Cl, 28-7%). The recovered base (12—13 g.) had 
90—91°. 

Methyl-n-butylamine picrate was prepared in alcoholic solution and 
crystallised in needles, m. p. 110—111°, slightly soluble in water 
(Found: C, 41:8; H, 5-05. C;H,,N,C,H,0,N, requires C, 41-8; 
H, 51%). 

Triisoamyltrimethylenetriamine.—isoAmylamine (20 g.) readily 
condensed with formaldehyde (18 g. of 40% solution) on gradual 
admixture with much cooling and shaking. Heat was evolved and 
the cyclic base separated immediately. It was purified as in the 
previous cases and obtained as a rather unpleasant-smelling oil, b. p. 
299—300°, d'8° 0-8250, insoluble in water but soluble in alcohol 
and ether [Found : C, 72-7; H, 13-1; M, ebullioscopic, 294 (mean). 
(C;H,,"N‘CH,), requires C, 72:7; H, 13-1%; M, 297]. 

The oxalate, precipitated from a concentrated alcoholic solution of 
oxalic acid, crystallised from aqueous alcohol in light leaflets, m. p. 
115°, sparingly soluble in cold water [Found: C, 62:0; H, 10-6. 
(C;H,,"N‘CH,)3,H,C,0, requires C, 62-0; H, 10-6%]. It decom- 
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posed in hot aqueous solution, giving off formaldehyde; isoamyl- 
amine oxalate, m. p. 165°, was isolated from the residual liquor. 

The picrate separated from alcoholic solution as a syrup and 
crystallised from acetone, cooled in a freezing mixture, in tufts of 
needles, m. p. 75° (indistinct), soluble in water and alcohol [Found : 
©, 54-7; H, 7-9. (C;H,,"N:CH,)3,C,H,0,N; requires C, 54:75; H, 
8-0%]. 

The hydrochloride, obtained from benzene solution, was so deli- 
quescent that its m. p. could not readily be determined [Found : Cl, 
10-6. (C;H,,°"N°‘CH,),,HCl requires Cl, 10-6%|]. 

The wrate was a white amorphous powder only slightly soluble in 
water. It decomposed at a high temperature without melting. 
Boiled with water, it decomposed, evolving formaldehyde [Found : 
C, 59-3; H, 9-0. (C;H,,"N°:CH,)3,C;H,O,N, requires C, 59-35; 
H, 9-0%}. 

Reduction. This was done as in the previous cases and gave 10 g. 
of methylisoamylamine, b. p. 108°, isolated through the nitroso- 
amine, b. p. 204—205° (Found: C, 55-4. C,H,,ON, requires C, 
55-3°%), and the crystalline hydrochloride, m. p. 178°. 

Methylisoamylamine hydrobromide crystallised from an aqueous 
solution of the components in needles, m. p. 183°, soluble in alcohol 
and water (Found: Br, 44-0. C,H,;N,HBr requires Br, 44-0%). 

Tribenzyltrimethylenetriamine.—This was prepared from 20 g. of 
benzylamine and 18 g. of 40° formaldehyde solution in a freezing 
mixture, separation of the treacly base being completed by addition 
of caustic soda. The base was extracted and dried (48 hours over 
barium oxide) in ether, distilled above 200°, and again dried over 
barium oxide ; on redistillation it had b. p. 240° and d*®* 1-05 (yield, 
80%). It is insoluble in water but soluble in alcohol, ether, and 
benzene [Found : C, 80-6; H, 7-5; M, ebullioscopic in benzene, 352 
(mean). (C,H,*CH,°N°CH,), requires C, 80-6; H, 7-6%; M, 357]. 

The oxalate, precipitated from alcoholic solution and recrystallised 
from aqueous alcohol, formed plates, m. p. 135° (decomp.) [Found : 
C, 69-8; H, 6-5. (C,H,-CH,*N:CH,);,H,C,0, requires C, 69-8; 
H, 65%]. Its aqueous solution evolved formaldehyde when boiled, 
and benzylamine oxalate, m. p. 201°, was isolated from the residual 
liquor. 

Reduction. 20 G. of tribenzyltrimethylenetriamine were dissolved 
in cold dilute hydrochloric acid, 30 g. of zinc dust added, followed 
gradually by 420 c.c. of dilute hydrochloric acid (1:3). Reduction 
was carried out as before and the mixed amines were collected in 
hydrochloric acid. The hydrochlorides obtained from the solution 
were dissolved in water and shaken with benzenesulphony! chloride 
and sodium hydroxide, an excess of the latter being finally added, 
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and the mixture warmed to dissolve the sulphonamide of the primary 
amine. The insoluble benzenesulphonbenzylmethylamide crystal- 
lised from acetone in tiny hard granules, m. p. 130°, soluble in alcohol 
(Found: C, 64-4; H, 5-7. Cale.: C, 64:3; H, 5-75%). From the 
filtrate, benzenesulphonbenzylamide, m. p. 88°, was obtained by 
precipitation with hydrochloric acid and recrystallisation from 
.acetone (Found: C, 63-1; H, 5-3. Cale.: C, 63-2; H, 5-3%). 

p-Toluenesulphonbenzylmethylamide crystallised from acetone in 
squat prisms, m. p. 92° (Found: C, 65-4; H, 6-1. C,;H,,0O,NS 
requires C, 65-45; H, 6-15%). 

2 : 4-Dinitromethylbenzylaniline separated slowly in long yellow 
needles from an alcoholic solution of 2 : 4-dinitrochlorobenzene con- 
taining a slight excess of benzylmethylamine; m. p. 140° after 
recrystallisation from alcohol (Found : C, 58-5; H, 4-5. C,H ,,0,N, 
requires C, 58-5; H, 45%). 


The method is being extended to other primary aliphatic and 
aromatic amines. 


Stockrort COLLEGE. [Received, February 22nd, 1932.] 





176. The Nitration of Halogenoethylenes. 
By Ronatp Bertram Burrows and Louis HUNTER. 


TuE action of nitrating agents on the solvent halogenoethylenes has 
been investigated with the object of preparing halogenonitro- 
methanes. 

The action of nitric acid of various concentrations appears to cause 
simultaneous nitration and disruption of the molecule, and halo- 
genonitro-derivatives of methane are formed. The production of 
dichlorodinitromethane from trichloroéthylene by this method may 
well replace the earlier methods of preparation (Rakshit, J., 1915, 
107, 1115; Gotts and Hunter, J., 1924, 125,442). Dichloroethylene, 
on the other hand, yields mainly chloropicrin, and tetrachloro- 
ethylene and tribromoethylene are more or less completely broken 
up into carbon dioxide and halogen or halogen acid, with formation 
of only small amounts of lachrymatory substances. 

Biltz (Ber., 1902, 35, 1530) has described the procedure for the 
addition of nitrogen peroxide to tetrachloroethylene, and the 
structure of his product has now been confirmed. In only one other 
instance has a stable addition product been isolated by means of this 
reagent, viz., «a$-tribromo-af-dinitroethane from tribromoethylene. 
Di- and tri-chloroethylene undergo partial oxidation to oxalic acid, 





1358 BURROWS AND HUNTER : 


yielding also small amounts of lachrymatory substances of uncertain 
constitution. 

Dipotassium aci-tetranitroethane is formed with extraordinary ease 
by the action of reagents on a great variety of halogenonitro- 
derivatives of both methane and ethane; e.g., by the action of 
potash or various potassium salts on bromopicrin (Scholl and 


Brenneisen, Ber., 1898, 31, 642), s-dichlorotetranitroethane, ««$-. 


tribromo-«f8-trinitroethane (Hunter, J., 1924, 125, 1480), hexa- 
nitroethane (Will, Ber., 1914, 47, 963), and s-tetrachlorodinitroethane 
(present investigation). It is evident that, as the majority of these 
substances are less highly nitrated than the resulting potassium salt, 
the reactions involve a type of internal nitration seldom met with 
elsewhere. 

EXPERIMENTAL. 

The chloroethylenes used were the solvents prepared by the 
Weston Chemical Co., Ltd., and, with the exception of dichloro- 
ethylene, distilled within a range of 2°. 

Action of Nitric Acid.—Dichloroethylene. Dichloroethylene (40 
c.c.) was cautiously added to a mixture (150 c.c.) of equal volumes of 
fuming and concentrated nitric acids, and the reaction started by 
warming. The oil (15 c.c.) obtained on distillation was mainly 
unchanged dichloroethylene (b. p. about 55°) with a small amount of 
chloropicrin (b. p. 100—120°). 

Trichloroethylene. The action of fuming nitric acid was un- 
controllably violent. 

Trichloroethylene (60 c.c.) was boiled under reflux with nitric acid 
(225 c.c.,d 1-42) for 3 hours. The lachrymatory oil (37 c.c.) obtained 
on distillation, which was washed with water and dried over sodium 
sulphate and consisted mainly of dichlorodinitromethane with a 
small admixture of chloropicrin and unchanged trichloroethylene, 
was either fractionally distilled, the fraction of b. p. 35—45°/11—12 
mm. being redistilled, or treated with an excess of alcoholic potash, 
the precipitated potassium chlorodinitromethane being removed and 
treated in aqueous solution with chlorine (Gotts and Hunter, loc. 
cit., p. 447); 28 c.c. of crude, and 8 c.c. of dichlorodinitromethane of 
b. p. 40—42°/12 mm., were obtained (Found : Cl, 39-5. Cale.: Cl, 
40-6%) 

Tetrachloroethylene. No reaction occurred with boiling con- 
centrated nitric acid, and with fuming acid (d 1-5) a violent reaction 
set in with evolution of carbon dioxide, hydrogen chloride, and 
oxides of nitrogen. The oil which distilled was largely unchanged 
tetrachloroethylene (b. p. 115—120°) with a very slight lachry- 
matory residue. No modification of the reaction could be induced 
by using weaker acid. 
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Tribromoethylene. This was prepared by the action of aqueous 
potash (Ward, J., 1930, 2145) on the crude acetylene tetrabromide 
obtained by passing washed acetylene into aqueous bromine. 

Tribromoethylene (20 ¢.c.) and a mixture (40 ¢.c.) of equal volumes 
of concentrated and fuming nitric acids was warmed until reaction 
commenced. Bromine and oxides of nitrogen were evolved, and an 
oil distilled (6 c.c.), which, after being washed, was treated with 
alcoholic potash. The precipitated solid was partly soluble in 
water (aci-nitro-salt); the insoluble portion (2 g.) was pentabromo- 
ethane, m. p. 54—55°. Treatment of the yellow aqueous solution 
with bromine precipitated a pale yellow lachrymatory oil (1 c.c.), 
which was probably dibromodinitromethane. 

Addition of Nitrogen Peroxide—The nitrogen peroxide was 
obtained by the distillation of nitric acid and arsenious oxide, the 
product being collected in a freezing mixture. By redistillation over 
phosphoric oxide complete oxidation to the peroxide was secured. 

Dichloroethylene. Serious explosions result from heating a 
mixture of this substance and nitrogen peroxide in a sealed tube, 
even at 30°. 

A mixture of nitrogen peroxide (15 g.) and dichloroethylene (10 g.) 
was left at the ordinary temperature in a boiling-tube closed by a 
cork carrying a long narrow tube to minimise diffusion. After 24 
hours, thesolution, which had darkened, was poured into a clock-glass ; 
the excess of nitrogen peroxide and dichloroethylene then evaporated, 
leaving a pale yellow, crystalline residue of lachrymatory odour. 
By repeated crystallisation from dichloroethylene, oxalic acid, m. p. 
98—100° (Found: equiv., 62-9. Calc. for dihydrate, 63-0), was 
obtained. The lachrymatory substance could not be isolated. 

Trichloroethylene. Nitrogen peroxide (15 g.) and trichloroethylene 
(10 g.) were heated in a sealed tube at 50° for 6 hours. When the 
excess of the reactants was allowed to evaporate, a small deposit of 
oxalic acid was obtained. The resultant oil (7 g.; Cl, 47-5%) was 
yellow, strongly lachrymatory, and reacted violently with caustic 
potash and with potassium iodide. The yellow aci-salt produced 
with the latter reagent proved to be dipotassium s-tetranitroethane 
(Found: K, 26-9. Cale.: K, 27-3%. Explosion point, 270°). 
Only one case is known of a halogenonitromethane yielding an aci- 
salt of a nitroethane under these conditions, viz., bromopicrin 
(Hunter, J., 1923, 123, 543). The oil is therefore evidently a chloro- 
nitroethane of uncertain constitution. 

Tetrachloroethylene. The properties of the addition product, 
8-tetrachlorodinitroethane, prepared according to Biltz (Joc. cit.) are 
now described. Towards alkaline reagents it reacts in a manner 
typical of positive halogen compounds (see Gotts and Hunter, loc. 
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cit.). With alcoholic potash and potassium iodide, a more or less 
violent action occurs and a yellow explosive organic salt, mixed with 
chloride, is deposited. Potassium cyanide brings about complete 
decomposition, yielding carbonate, carbon, and cyanogen chloride. 

A solution of tetrachlorodinitroethane (6 g.) in a little alcohol was 
slowly run into a solution of potassium iodide (12 g.) in water (24 c.<c.). 
Heat was developed, iodine liberated, and a yellow powder (4 g.) 
containing much chloride precipitated. The solid was removed, 
washed with alcohol until free from iodine, and recrystallised from 
water (yield, 1-5 g.). From its appearance, explosion point (270°), 
and analysis (Found: K, 28-0. Cale.: K, 27-3%), the salt is 
evidently dipotassium ¢-tetranitroethane. This conclusion was 
confirmed by its conversion into s-dichlorotetranitroethane, m. p. 
105° (Hunter, J., 1924, 125, 1480, gives 107°), by the action of 
chlorine on its aqueous solution. 

When tetrachlorodinitroethane (6 g.) was cautiously heated just 
above its’ melting point, oxides of nitrogen were evolved and a 
liquid distillate collected (3—4 g.). The liquid was weakly lachry- 
matory and boiled with scarcely any residue between 115° and 120° 
(b. p. of tetrachloroethylene, 121°). Heating evidently results 
chiefly in the simple removal of nitrogen peroxide. 

Tribromoethylene. Nitrogen peroxide (13 g.) and tribromoethylene 
(10 g.) were heated in a sealed tube at 40—45° for 8 hours. The 
product, evaporated in a draught of air, left a residue (1-4 g.), which 
was well washed with ligroin. The colourless solid obtained, which 
commenced to decompose at about 120° and melted at 133—134°, 
was aaf-tribromo-«8-dinitroethane [Found: Br, 67:9; N, 7°8. 
C,HBr,(NO,). requires Br, 67-2; N, 7-8%]. It was insoluble in 
water, soluble, often with decomposition, in organic solvents, had 
the usual lachrymatory properties, and was decomposed by alcoholic 
potash and by potassium iodide, yielding a yellow organic salt. 


Acknowledgment is made to the Chemical Society for a grant in 
aid of this investigation. 


University COLLEGE, LEICESTER. [Received, February 25th, 1932.] 





177. The Decomposition of Lead Nitrate in Molten 
Potassium Niirate. 


By KennetH LaypourRn and WALTER MatrHEew MapcIN. 


THE present work is an extension of previous work (Glass, Laybourn, 
and Madgin, this vol., p. 874) and concerns the nature of the de- 
composition products of lead nitrate in molten potassium nitrate. 
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Thus prepared, these products would be expected to be uniform in 
composition, in contrast to those formed by heating solid lead 
nitrate, as was done by Baekeland (J. Amer. Chem. Soc., 1904, 26, 
391), who concluded that a basic salt, lead oxytetranitrate 
[PbO,2Pb(NO,).], was formed. This salt should contain Pb, 
70-2%, but Baekeland found 68-7°%, and the difference may be due 
to heterogeneity owing to incomplete decomposition of the nitrate. 
He also suggested (loc. cit.) that continued heating resulted in the 
formation of other basic nitrates. 


EXPERIMENTAL. 


A mixture of 500 g. of finely ground purified salts [40% Pb(NOg)o, 
60% KNO,] was heated for 24 hours at 160° in an electric furnace to 
remove moisture. The furnace was essentially a nest of tall Pyrex 
beakers, each wound with a length of nichrome resistance wire 
forming separately controlled heating circuits, and the outermost 
beaker was lagged with asbestos, with observation windows. 

The temperature was slowly raised from 160° to 357° (compare 
Baekeland, loc. cit.), and a clear colourless melt finally obtained. 
Thereafter the temperature was maintained constant and, at 
intervals, duplicate samples of the melt (about 0-75 g.) were with- 
drawn, cooled, and analysed for lead by the chromate method. 

After 12 hours, a sample was completely soluble in cold water and 
contained 40-34% of lead nitrate, estimated as lead; evidently no 
decomposition had occurred then. The sample at 24 hours, when 
extracted with ice-cold water, left an insoluble, finely divided 
residue, apparently white, but very pale yellow when collected 
on a filter. This residue, completely soluble in concentrated hydro- 
chloric acid, contained 70-15% of lead (compare 70-2% for the 
oxytetranitrate). Subsequent samples gave residues which became 
progressively more yellow; these will be referred to as the substance 
A in what follows. , 


TABLE I. 
Amount of C 
Time, days. % Pb in A. % Pb in B. Amount of A 
4 No A formed. —_— — 
1 70°15 70-15 — 
2 70°48 — Trace of C 
3 70-68 70-60 bs 
6 71-20 —_— oy 
10 71-72 71-51 0-0201 
21 73-31 —- 0-0421 
24 73-60 72-58 0-0493 
27 73°71 — 0-0531 


The yellow colour of the original melt also gradually increased in 
intensity, but this was considered to be due largely to dissolved 
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nitrogen peroxide, since samples withdrawn into glass tubes extruded 
large quantities of this gas on solidifying. 

When solid A was treated with dilute acetic acid, a large part 
(B) dissolved, but there remained a dark brown solid (C), which was 
shown, by analyses for lead and available oxygen, to be lead dioxide. 
The total amount of this was always very small, and its finely 
divided state rendered filtration very difficult. The results are 
summarised in Table I. 

Some indication of the rate of formation of A is given by the 
following table, which shows the percentage of A in a given weight 
of melt sample : 


Time (days) ............ 3 4 6 10 13 
Nip OE seevecoctoscosesstecs 0-086 0-519 1-177 2-029 2-032 


After 8 days, however, a white precipitate began to separate, and 
this slowly accumulated. Subsequent analysis showed it to be 
the same as A, and the solubility of A is apparently small. 

The slowness of the decomposition of lead nitrate may be due to 
the reversal caused by the large amount of nitrogen peroxide 
dissolved in the melt (compare Baekeland, loc. cit.). 

No potassium was found in any sample of A, and aqueous extracts, 
which contained all of the free excess lead nitrate and potassium 
nitrate, were free from nitrite. 

Hydrolysis of Products—The first sample, entirely soluble in 
dilute acids, was boiled with water under reflux for 2 hours, a clear 
solution being obtained. On cooling, a white crystalline solid 
separated [Found: Pb, 72-34. Cale. for Pb(QH)(NO,): Pb, 
72-38°%] and it gave reactions in solution for both a nitrate and a 
hydroxide. This lead hydroxynitrate was probably formed as 
follows : 


PbO,2Pb(NO,), + H,O = 2Pb(OH)NO, + Pb(NO,),. 


The product A, derived from later samples of the melt, left a dark 
brown insoluble residue on hydrolysis, but the aqueous solution 
contained lead hydroxynitrate as in the first sample. This brown 
solid proved to be lead dioxide, identical with the substance C. 
The amount of C from a given weight of A was the same whether 
obtained by acid treatment or by hydrolysis. 

Lead hydroxynitrate was known to react with carbon dioxide 
(Chevreul, Ann. Chim. Phys., 1812, 83, 70). This was confirmed, 
and the preceding hydrolyses were therefore done in a carbon 
dioxide-free atmosphere. Lead oxytetranitrate itself combines with 
carbon dioxide to some extent, owing cither to slow hydrolysis in 
cold water or to direct combination. The carbonate formed from it 
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in solution contained Pb, 79-95, 80-06% [Cale. for Pb(OH),,2PbCO, : 
Pb, 80-13%]. 

Synthetic Experiments.—A. Synthesis of lead oxytetranitrate. 75 G. 
of a mixture of lead nitrate (40%) and potassium nitrate (60%) were 
fused at 300°, and 5 g. of litharge stirred in gradually. The first 
portions dissolved readily, but the later additions (dark orange at 
this temperature) remained for some time. Meanwhile, a light 
yellow solid began to deposit (compare decomposition melt after 
8 days), and, as the remaining lead oxide slowly disappeared, this 
accumulated. Evidently the solubility limit of the product had 
been reached. 

The melt was cooled and extracted with water, leaving a pale 
yellow powder, apparently the oxytetranitrate (Found: Pb, 
70-38%). If higher temperatures are used, greater proportions of 
litharge can be dissolved, but if the temperature is allowed to fall, 
oxynitrates separate. However, these contain more than 70-2% 
of lead, indicating that secondary reactions have set in. This is 
similar to the progressive increase of lead content in A (see Table I). 

B. Synthesis of Pb,O,,3Pb(NO,),. Red lead (2 g.) was stirred 
into a melt containing 20 g. of lead nitrate with 30 g. of potassium 
nitrate at 300° until the dark violet-coloured oxide completely 
disappeared; a clear lemon-yellow solution remained. The slow 
rate of dissolution (} hour) suggests that a chemical reaction is 
occurring. After being cooled, the yellow water-insoluble residue 
(resembling lead oxytetranitrate) was extracted in the usual way, 
and contained Pb, 73-97% [Pb,0,,3Pb(NO,), requires Pb, 74-02%]. 
This compound yields lead dioxide on hydrolysis or on treatment 
with dilute acids. 

Similar synthetic experiments can be done in molten sodium 
nitrate containing lead nitrate. 


Discussion, . 


The foregoing experiments appear to show quite definitely that 
the primary product in the decomposition of lead nitrate in potass- 
ium nitrate solution is lead oxytetranitrate, and presumably lead 
oxide is formed as an intermediate. The presence of dioxide in 
samples of A requires explanation. During the decompositicn 
experiments, when a melt was heated for one month, isolated 
portions of it adhered to the walls of the beaker, and in these places 
black patches developed, which turned red when finally cooled and 
proved to be red lead. Doubtless, local overheating had occurred 
to some extent, but it seems probable that oxygen, both atmo- 
spheric and that produced in the melt, would oxidise lead oxide 
in the melt, and the resultant red lead combines with lead nitrate 
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to form a complex which appears to be Pb,O,,3Pb(NO3) 9. This 
again presumably forms some loose complex with lead oxytetra- 
nitrate, giving an apparently uniform material and not a hetero- 
geneous mixture. Samples of A appeared homogeneous under the 
microscope. 

The following are the reasons for assuming the formation of 
Pb,O0,,3Pb(NO,).: (a) This compound has apparently been syn- 
thesised from red lead and a molten mixture of lead nitrate and 
potassium nitrate. (b) When the product A is treated with dilute 
acids, the substance containing red lead might be expected to split 
off lead dioxide and leave 2PbO,3Pb(NO,),: Pb,0,,3Pb(NO,). = 
PbO, + 2Pb0,3Pb(NO,), (calc. : Pb, 72-74%), only the latter being 
soluble in the acid. This explanation agrees with Table I, and 
shows that the percentage of lead in A should increase towards a 
maximum of 74-02%, while that in B should approach 72-74%. 
(c) The behaviour of a sample of A on hydrolysis is such as would be 
expected for a substance containing the complex Pb,0,,3Pb(NO,),. 


Summary. 


(1) The decomposition of lead nitrate in molten potassium nitrate 
(maintained at 357° for 28 days) has been examined by withdrawing 
samples at intervals and analysing the portions insoluble in cold 
water for lead. 

(2) It is concluded that PbO,2Pb(NO,), (lead oxytetranitrate) is 
slowly formed, and subsequently another oxynitrate, 

Pb,0,,3Pb(NO3)o, 
is produced. 

(3) Both substances are soluble in dilute acids, the latter leaving 
a residue of lead dioxide, and both are hydrolysed in boiling water, 
forming lead hydroxynitrate. 


The authors are indebted to the Research Committee of Armstrong 
College for a grant with part of which materials have been purchased 
for this research. 


ARMSTRONG COLLEGE, UNIVERSITY OF DURHAM, 
NEWCASTLE-UPON-TYNE. (Received, February 29th, 1932.) 
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178. The Hydrolysis of Arylthioarsinites.* 
By Harry JAMES BARBER. 


In a previous communication (J., 1929, 1021) dealing with the 
formation of thioarsinites from aromatic arsonic acids and thiol 
compounds according to the equation 


(1) Ar-AsO(OH), ++ 4RSH = Ar-As(SR), + R-S:S-R + 3H,0 


it was stated that hydrolytic fission of these substances does not 
occur in alkaline solution. Gough and King (J., 1930, 673) express 
the view that all thioarsinites undergo partial hydrolysis in weakly 
alkaline and even in neutral aqueous solution. In view of the fact 
that. these compounds, either in their formation, oxidation, or 
hydrolysis or some more complex mechanism involving all three 
processes (Voegtlin, Dyer, and Leonard, U.S. Public Health Rep., 
1923, 28, 1911; Gough and King, loc. cit.; King, Chem. and Ind., 
1930, 786; Barber, loc. cit.; Chem. and Ind., 1930, 802), probably 
play an essential rédle in trypanocidal action and that studies of 
their activity in vitro and in vivo are being made (Warrington 
Yorke and Murgatroyd, Ann. Trop. Med. Liverpool, 1930, 449), 
it is desirable that this supposed hydrolysis should be discussed 
and some further evidence submitted. 

The evidence for the hydrolysis is as follows :— 

(i) Alkaline solutions of thioarsinites give with sodium nitro- 
prusside solution the characteristic colour reaction associated with 
the presence of a free aliphatic thiol group. 

(ii) “‘ When a feebly alkaline solution of di(carboxymethy]) 
benzamide-p-thioarsinite was treated with one molecular pro- 
portion of hydrogen peroxide, benzamide-p-arsinic [p-arsonic] 
acid was isolated together with unchanged thioarsinite. This 
result is inconsistent with an exclusive initial addition of oxygen 
to the arsenic atom of the intact ester molecule, followed by hydro- 
lysis, a process which would seem to follow on Barber’s view of 
the properties of these compounds,” (Gough and King, loc. cit.). 

The two suggested mechanisms are : 


(2) (a) Ar-As(SR), + 2H,0 == Ar-As(OH), + 2RSH 

(b) Ar-As(OH), + O = Ar-AsO,H, 

(c) 2RSH + O = R-SS-R + H,O 

O 
(3) (a) Ar-As(SR O = Ar-As< 
* Since this work, which was done in 1930, was submitted for publication 

a further investigation on the subject has been made by Cohen, King, and 
Strangeways (J., 1931, 3043). 
; © 3 
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(b) ArAs<en) + H,0 = Ar-As(OH), + R-S-S-R. 
2 


(c) ArAs< ep) 4 2H,0 = Ar-AsO,H, + 2RSH 


According to Gough and King, (2) represents the process of 
oxidation, in which the reactions (b) and (c) are obviously com- 
peting for the one atom of oxygen available (in Gough and King’s 
experiment). If (b) is favoured to the exclusion of (c), the result 
will be Ar-AsO,H, + 2RSH, which will react according to equation 
(1) to give 4Ar-As(SR), + $Ar-AsO,H, : this is the result actually 
obtained. But if, as is the more likely [since measurements of rates 
of oxidation indicate that «-thiolacetic acid is more rapidly oxidised 
than an aromatic arsinic acid, Ar-As(OH),], (c) is favoured, the 
result should be complete conversion into Ar-As(OH), + R°S-S-R. 
Intermediate results are of course possible and would seem to be the 
more likely, but the result obtained by Gough and King can only be 
obtained by the mechanism (2) if reaction (b) proceeds exclusively. 

In process (3), the oxygen addition compound postulated can 
obviously be hydrolysed in the two directions (b) and (c). If (b) 
is followed exclusively, the result will be Ar-As(OH), + R-S-S-R; 
if (c), then Ar-AsO,H, + 2RSH will be produced exactly as in 
process (2), the same considerations will apply, and the result will 
be $Ar-As(SR), + $Ar-AsO,Hg. 

The experiment cited by Gough and King thus does not differ- 
entiate between the two processes. With regard to process (2), 
any marked preponderance of reaction (c) would. be shown by a 
smaller iodine titration with sodium nitroprusside as indicator 
(external) than with starch. This has not been observed. 

Against the hydrolysis is the fact that separation of the arsinic 
acid from feebly alkaline solutions of a thioarsinite has not. been 
observed. In the equilibrium 2(a), the Ar-As(OH), component, 
being extremely sparingly soluble, should be removed from the 
sphere of action as a solid phase and the reaction should proceed 
to completion with gradual separation of the arsinic acid. Sodium 
8-acetamido-3-hydroxy-1 : 4-benzisooxazine-6-thioarsinite (“‘ Paro- 
san ”’) is apparently stable in sodium bicarbonate solution, although 
the arsinic acid is practically insoluble: in this case, at any rate, 
the hydrolysis cannot proceed to any appreciable extent. An 
aqueous solution containing 10% of the disodium salt of di(carb- 
oxymethyl) 3-amino-4-hydroxyphenylthioarsinite, kept in an evacu- 
ated ampoule at 90°, slowly deposits o-aminophenol: the form 
in which the arsenic is eliminated has not been determined, but 
this can hardly be regarded as a hydrolysis. 
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It has been shown that, if equimolecular mixtures of two arsonic 
acids are treated with sufficient thiolacetic acid to react with only 
one molecular proportion of acid, the thiol compound distributes 
itself in a certain ratio between the two arsenicals. These experi- 
ments were devised with the special object of ascertaining if there 
was any parallelism between physiological activity of arsenicals 
and their affinity for thiol groups. For the present purpose one 
or two results only need be discussed. It is sufficient to consider 
the supposed equilibrium 2(a). If a second arsinic acid Ar’*As(OH), 
is added to the solution of the thioarsinite Ar-As(SR),, some 
Ar’-As(SR), should be formed according to the distribution ratio. 
So far it has only been found practicable to study pairs of arsenicals 
in which one residue contains an amino-group and the other is 
non-basic. In this way a separation on acidification is effected. 
This presupposes that no change occurs on acidification. This 
assumption may not be strictly true, but will affect only the quantit- 
ative aspects of the case. Actually this migration of the thiol 
residue 
Ar-As(SR), + Ar’*-As(OH), —~> Ar’-As(SR), 

has been observed where Ar = p-aminophenyl and Ar’ = 3-acet- 
amido-4-hydroxyphenyl and with ‘ Parosan.’ It has been observed 
in neutral solution, moreover, where R = CH,°CO-NH,. This 
is the most definite evidence yet given for the hydrolysis, but it 
is not conclusive. Attempts to demonstrate the hydrolysis with- 
out the introduction of a second arsenical or metallic residue, by 
using a thioarsinite in which the thiol compound involved was 
aromatic and might therefore be the more readily split and the 
thiol residue isolated, did not succeed. 

Several new thioarsinites, including types derived from an aromatic 
thiol compound and also a derivative of a secondary arsenical, 
have been prepared. Cacodylic acid reacts with thiolacetamide 
according to the equation 
(CH,),AsO(OH) + 3SH-CH,°CO-NH, = (CH,),As‘S-CH,°CO-NH, + 

(S-CH,°CO-NH,), + 2H,O 
The reaction is probably general for secondary arsonic acids, as 
is also the equation for the oxidation with iodine in bicarbonate 
solution : 
2(CH,).As*S-CH,-CO-NH, + 31, + 4H,O = 2(CH;),AsO(OH) + 
(S-CH,°CO-NH,), + 6HI 


EXPERIMENTAL. 
Distribution of «-Thiolacetic Acid between Two Arsonic Acids.— 
General procedure. Thiolacetic acid (0-04 mol., determined by 
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titration with iodine immediately prior to use) was dissolved in 
N-sodium hydroxide (40 c.c.), and to the neutral solution of mono- 
sodium thiolacetate was added a solution of 0-01 mol. of each 
arsonic acid in N-sodium hydroxide (20 c.c.). The solution was 
acidified with concentrated hydrochloric acid (7 ¢.c.) after hour and 
the crystalline mixture of arsonic acid and thioarsinite was removed 
after 3 hours, washed with a little cold water, dried in a vacuum, 
and weighed (fraction A). The mother-liquor was neutralised with 
2N-ammonia (12 ¢.c.) and kept over-night, and the product treated 
as before (fraction B). The separate fractions were analysed by 
titration of 0-2 g. in sodium bicarbonate solution with N /10-iodine. 

Control experiments were carried out with the arsonic acids 
separately so as to make corrections for losses due to solubility in 
water. The experiments were done in duplicate and have a probable 
error of not more than 10%. 


3-Acetamido-4-hydroxyphenylarsonic acid (A) and 4-aminophenyl- 
arsonic acid (B). 
Controls. 55G.A — > 6-3 g. mixture. 
0-2 G. mixture 10-5 c.c. - a. 
inna 10-25 oc. 0-996.N /10-iodine, 
2 Mols. A ——> thioarsinite 0-815 mol. 
arsonic acid 1-07 mols. 
Recovery of thioarsinite, 81-5%. 
4G.B —» 4-25 g. mixture. 
€ 
2G. mixture 16°9 ©-©- 9.996N /10-iodine. 
2 Mols. B ——> thioarsinite 0-89 mol. 
arsonic acid 0-53 mol. 


Recovery of thioarsinite, 89%. 
It is assumed that in dealing with the mixtures of arsonic acids the 
same percentage recoveries apply, since the concentrations are kept 
the same. 


Experiment 1. 2. 
17a By  —>. 348 28g Bs 
0-2 G, of fraction A required 7- 788) 7.6 c.c. ~ : 1 “© 9.996N /10-iodine. 
7: 
0-2 G. of fraction B required 19.2 }19 ae igo} 9-15 ¢.c. o 


Whence, in molecular quantities : 


Acid 0-45 mol. {0-47 mol. 
A, 1 mol. { Thicarsinite 0-19 ,, 10-21 ,, 
{ Acid 0-10 ,, 0-09 ,, 
B, 1 mol. \ Thioarsinite 0-58 ,, 0-54 ,, 
Correcting for A = 815% and B = 89%, 
A —_> 0-23 0-25 Mean ratio 0-24 
B —> 0-65 0-61 pa 0-63 


A’= 28%; B = 72%. 
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BARBER: THE HYDROLYSIS OF ARYLTHIOARSINITES. 


Similarly for 4-aminophenylarsonic acid (B) and “ Parosan”’ 
©) B = 171%; C = 83%. 

Inkeraction of Thioarsinites and Arsenoxides.—(1) Di(carboxy- 
methyl) 4-aminophenylthioarsinite (1-75 g.) was dissolved in water 
(30 ¢.c.) containing sodium bicarbonate (1 g.), “ Parosan ”’, oxide 
(1-5 g.) added, and the whole heated for 1 hour at 95—100°. After 
being cooled and filtered from unchanged oxide (1-3 g.), the solution 
was made strongly acid (Congo-red) with hydrochloric acid ; 0-22 g., 
m. p. 198—205°, crystallised. Recrystallisation gave the pure 
“ Parosan ”’ thioarsinite, m. p. 212—215°. Other experiments gave 
0-48 g. (crude) after 1 hour’s and 0-55 g. after 2 hours’ heating. Both 
gave the pure thioarsinite on recrystallisation. 

(2) Di(carbamylmethyl) 4-aminophenylthioarsinite (0-9 g.), 
dissolved in water (25 c.c.) at 100°, was heated for ? hour with 3- 
acetamido-4-hydroxyphenylarsenoxide (0-6 g.). The liquid was 
filtered hot and acidified (Congo-red); 0-45 g., m. p. 157—160°, 
was obtained, giving 0-3 g., m. p. 163—165°, on recrystallisation. 

(3) As in (2), “‘ Parosan ”’ oxide (0-7 g.) being used. The product 
(0-2 g.), m. p. 210° (ca.), had m. p. 225° after recrystallisation. 

Di-p-tolyl 4-Chloro-3-nitrophenylthioarsinite.—Alcoholic solutions 
of 4-chloro-3-nitrophenylarsonic acid (7 g. in 100 c.c.) and of p-thio- 
cresol (12-5 g. in 50 c.c.) were mixed and boiled for a few minutes. 
On cooling, the thioarsinite separated in flat, pale yellow prisms 
(12 g.), m. p. 88—90° (Found: As, 15-2. C. 9H,,O,NCIS,As re 
quires As, 15-7%). 

Di-p-tolyl 3-acetamido-4-hydroxyphenylthioarsinite, similarly pre- 
pared (yield, 85%), had m. p. 173—174° (Found; | As, 16-0. 
C,.H,.0,NS,As requires As, 15-9%). 

"Cathbenylaethy? Dimethylthioarsinite. —Cacodyylie acid (05 g.), 
added to a hot solution of «-thiolacetamide (1 g.) in water (10 ¢.c.), 
dissolved. The thioarsinite crystallised on cooling and was recrystal- 
lised from a little water; m. p. 107° (Found: As, 38-8; M, by 
iodine titration, the equation on p. 1367 being assumed, 199, 194. 
C,H,,ONSAs requires As, 38-5%; M, 195). 

Dicarboxymethyl 4-amino-3-hydroxyphenylthioarsinite has m. p. 
161—162° (Found: M, 364. C,)H,,0;NS,As requires M, 365) and 
dicarboxymethyl 4-acetamido-3-hydroxyphenylthioarsinite m. p. 156— 
158° (Found: M, 412. C,,H,,O,NS,As requires M, 407). 

Researcn Lasporatories, Messrs. May & Baker, L1D., 

Lonpvon, 8.W. 18. [Received, April 22nd, 1931.] 
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179. p-Pseudognoscopine. 
By Morrison GREENWOOD and RoBert RosInson. 


Tue alkaloid gnoscopine was isolated from mother-liquors obtained 
in the preparation of narcotine from opium (M. Smith, Pharm. J., 
1878, 9, 82; T. and H. Smith, ibid., 1893, 52, 794) and was syn- 
thesised and resolved into d- and I-narcotine in 1911 (Perkin and 
Robinson, J., 1911, 99, 777). Subsequently Hope and Robinson 
(J., 1914, 105, 2085) obtained a stereoisomeride of gnoscopine by 
the condensation of cotarnine with nitromeconine and elimination 
of the nitro-group from the resulting anhydro-cotarninenitro- 
meconine. They therefore proposed to denote the naturally 
occurring bases as a-gnoscopine and «-narcotine and the synthetic 
stereoisomerides as B-gnoscopine and 8-narcotine. 

The present investigation was initiated with the object of extending 
the series by the preparation of bases related to pseudomeconine (I) 
in the same way that narcotine is related to meconine (II). Pre- 
liminary experiments were made by one of us and Dr. E. Hope 
(P., 1910, 26, 228). 

Nitropseudomeconine (III) condensed readily with cotarnine in 
alcoholic solution with formation of an apparently homogeneous 
nitropseudognoscopine (IV, R = NO,), but, on reduction, two 
isomeric aminopseudognoscopines were obtained. By analogy with 
the similar substances isolated by Hope, Pyman, Remfry, and 
Robinson (J., 1931, 236) by the reduction of nitro-dl-hydrastine, the 
aminopseudognoscopine, m. p. 236°, has been termed amino-c- 
pseudognoscopine, and that of m. p. 193° amino-8-pseudognoscopine 
(IV, R = NH,). 


MeO CH, MeO CO MeO CH, 
Me 0 MeO, 0 MeO 0 
—co CH, —c0 
(I.) (II.) (111.) NO, 
R 
hi 
X we MeO 
(IV.) CH OMe MeO, HO 
MeO CH ' 0,H 
NM 
CH,< b, (V.) 
H, 


Amino-$-pseudognoscopine has been successively transformed into 
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iodo-8-pseudognoscopine and $-pseudognoscopine (IV, R = H) by 
applications of methods of Hope and Robinson (loc. cit.); the work 
on «-pseudognoscopine is, however, not yet complete. On oxidation 
with nitric acid, 8-pseudognoscopine yields cotarninium nitrate and 
pseudopianic acid (V): this appears to be the first synthesis of the 
acid independent of its formation in the degradation of berberine 
(Perkin, J., 1890, 57, 1065). 

The nitropseudomeconine required for this investigation was 
prepared, partly by a modification of the method of Salomon (Ber., 
1887, 20, 883), which depends on the nitration of pseudomeconine, 
and also by a new synthesis. 

It is known that the action of boiling aqueous sodium hydroxide 
on 4-nitroveratrole effects the hydrolysis of the methoxyl in the 
p-position to the nitro-group exclusively (Cardwell and Robinson, 
J., 1915, 107, 258). The same process, applied to 6-nitroveratric 
acid, has now been found to give 6-nitroisovanillic acid (VI). The 


HO CH, 
HO, CO,H Me O 
(VI.) Ose ee. (VIL.) 
No, 


acid condensed readily with formaldehyde in the presence of hot 
concentrated hydrochloric acid with the formation of 6-nitro-3- 
hydroxy-4-methoxyphthalide (VII) (compare Edwards, Perkin, and 
Stoyle, J., 1925, 127, 195). 

This readily accessible substance is difficult to methylate and 
success was only achieved by the use of Purdie’s method. The 
nitropseudomeconine so obtained was identical with the product of 
nitration of pseudomeconine. 


EXPERIMENTAL. 


6-Nitroisovanillic Acid (V1).—Methyl veratrate, m. p.. 58°, was 
obtained in 86% yield when hydrogen chloride was led into a mixture 
of veratric acid (65 g.) and methyl alcohol (350 c.c.) for 4 hours. 

The ester (20 g.) was nitrated at 0—5° by dissolution in nitric acid 
(100 c.c.,d 1-4). After 1 hour, the product was precipitated by water 
and crystallised from aqueous alcohol (yield, 19 g.; m. p. 143°). 

A mixture of methyl] 6-nitroveratrate (10 g.) and aqueous sodium 
hydroxide (150 c.c. of 10°) was refluxed for 24 hours with occasional 
removal of the condenser to allow the escape of methylalcohol. The 
cooled filtered liquid was acidified with hydrochloric acid; the 
precipitate crystallised from boiling water in yellow rectangular 
prisms, m. p. 181° (decomp.) after shrinking and becoming 
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almost colourless at 108° (Found: loss at 120° in 24 hours, 14-7. 
C,H,O,N,2H,0 - requires 2H,O, 145%. Found in anhydrous 
material: C, 45-1; H, 3-3. C,H,O,N requires C, 45-1; H, 3-3%). 
The solvent of crystallisation is lost slowly at room temperature in a 
vacuum over sulphuric acid. 

6-Nitroisovanillic acid is readily soluble in the simple alcohols, 
ether, or acetone, moderately readily soluble in acetic acid or 
boiling water, and sparingly soluble in benzene or chloroform. It 
gives a greenish-brown coloration with alcoholic ferric chloride, and 
its alkaline solutions are orange-yellow. The acid is not identical 
with the nitroisovanillic acid, m. p.172—173°, prepared by Matsmoto 
(Ber., 1878, 11, 133) by nitration and subsequent hydrolysis of 
O-acetylisovanillic acid. 

The acetyl derivative, obtained by boiling with acetic anhydride 
for 2 hours, crystallised from aqueous alcohol in thin colourless 
plates, m. p. 214° (decomp.) (Found : C, 46-8; H, 4-0. C,)H,O,N 
requires C, 47-0; H, 3-5%). 

Nitration of 6-nitroisovanillic acid (2 g.) at 0° by means of nitric 
acid (15 c.c., d 1-5) during an hour furnished 2 : 6-dinitroisovanillic 
acid, m. p. 211°, identical with the substance prepared by the method 
of Wegscheider and Klemenc (Monatsh., 1910, 31, 719). These 
authors record the m. p. 206°, but a repetition of their experiments 
afforded the acid, m. p. 211°. 

6-Nitro-3-hydroxy-4-methoxyphthalide (VII).—A mixture of 6-nitro- 
isovanillic acid (20 g.), 40% aqueous formaldehyde (26 c.c.), and 
hydrochloric acid (160 c.c., d 1-16) was heated over a gauze until a 
clear solution was obtained and then transferred to the steam-bath. 
After a few hours, the whole mass became solid. The crystals were 
collected after 18 hours, washed with water, and converted, by 
treatment with cold aqueous sodium carbonate (the yield was 
increased by the addition of sodium chloride and by cooling in ice; 
any unchanged nitroisovanillic acid remained in the solution), into 
the blood-red sodium salt, which was collected and washed; the 
free hydroxy-lactone, regenerated by acidification, crystallised from 
boiling water in long yellow needles, m. p. 221° (Found: C, 48-2; 
H, 3-4. C,H,0,N requires C, 48-0; H, 3-1%). 

The acetyl derivative, obtained by boiling with acetic anhydride 
and a few drops of pyridine for 2 hours, crystallised from glacial 
acetic acid in colourless prismatic needles, m. p. 188° (Found: C, 
49-3; H, 3-4. C,,H,O,N requires C, 49-4; H, 3-4%). 

This substance is at first insoluble in cold aqueous sodium 
hydroxide, but it gradually dissolves to an orange-yellow solution; 
acidification then throws down a mixture of hydroxy- and acetoxy- 
nitromethoxyphthalides. It follows that, at least in part, the 
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phthalide ring is opened before hydrolysis of the acetoxy-group 
occurs. 

Benzoylation of the nitrohydroxymethoxyphthalide could not 
be effected by the Schotten-Baumann method. The above acetyl 
derivative does not condense readily with cotarnine. 

6-Nitropseudomeconine (III).—(A) Silver oxide (from 15 g. of 
silver nitrate) was gradually added to a boiling solution of nitro- 
hydroxymethoxyphthalide (5 g.) in methyl alcohol (60 c.c.) and 
methyl iodide (12 c.c.), and the mixture was refluxed for 2 hours. 
The filtered solution was concentrated and the needles that separated 
were collected and washed with cold dilute aqueous sodium hydr- 
oxide in order to remove unchanged phenolic lactone. The sub- 
stance crystallised from methyl alcohol in needles, m. p. 164—165°, 
unchanged in admixture with a specimen prepared by the 
following modification of Salomon’s method (loc. cit.). (B) The 
unmodified method gives chiefly nitrohemipinic acid. Pseudo- 
meconine (20 g.) was gradually added to nitric acid (110 c.c., 
d 1-4) with stirring and cooling in ice-water. After 1 hour the 
product was isolated (crude, m. p. 165°); it crystallised from aqueous 
alcohol in almost colourless needles, m. p. 166° (yield, 22 g. or 95%). 

The nitration of methyl 6-nitroveratrate has been investigated in 
a preliminary manner. The statement of Wegscheider and Klemenc 
(Monatsh., 1910, 31, 718) that methyl 2: 6-dinitroveratrate is 
produced was confirmed and evidence of the formation of methyl 
5: 6-dinitroveratrate also was obtained. Neither 6-bromo- nor 
6-nitro-veratric acid could be condensed with formaldehyde to a 
phthalide derivative. 

Nitropseudognoscopine (IV, R = NO,).—Dry cotarnine (20 g.) 
was added at once to a boiling solution and suspension of nitro- 
pseudomeconine (20 g.) in ethyl alcohol (400 ¢.c.); complete solution 
rapidly occurred and crystallisation of the product began in 10 
minutes. The mixture was refluxed for an hour and the lemon- 
yellow crystals were then collected, washed with alcohol, and dried 
at 100° (yield, 28 g. or 70%; m. p. 184°). The substance is readily 
soluble in chloroform and sparingly so in most other neutral organic 
solvents; it crystallises from chloroform-alcohol in canary-yellow 
needles, m. p. 186° (Found : C, 57-5; H, 4-8. CygH,.0,N. requires 
C, 57-6; H,48%). Fractional crystallisation failed to reveal the 
presence of stereoisomerides in this material, m. p. 186°, and we are 
of the opinion that it is homogeneous. This case supports the 
suggestion of Hope, Pyman, Remfry, and Robinson (loc. cit.) that 
the conditions of reduction of nitro-dl-hydrastine appeared to affect 
the proportion of the resulting «- and $-amino-dl-hydrastines. 

The hydrochloride crystallised in colourless needles when a solution 
yy2 
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of the base in concentrated hydrochloric acid was diluted with five 
volumes of water (Found: Cl, 6-9. C. .H,.0,N,,HCl requires Cl, 
71%). 

The picrate, prepared by mixing acetone solutions of the com- 
ponents, crystallised in yellow rhombohedra, m. p. 173° (decomp.). 
A solution of the base in glacial acetic acid deposited colourless 
needles of the acetate, but, when such a solution was boiled, decom- 
position ensued with formation of nitropseudomeconine (m. p. 163°) 
and cotarnine (picrate, m. p. 139°). The decomposition is not so 
facile as in the case of nitrognoscopine ; under comparable conditions 
(1 g. in 10 c.c.) the latter is completely hydrolysed in 1—2 minutes 
and nitropseudognoscopine requires at least 5 minutes. 

Amino-a-pseudognoscopine (IV, R = NH,).—A well-cooled solution 
of crystallised stannous chloride (25 g.) in concentrated hydrochloric 
acid (30 c.c.) was added to a mixture of nitropseudognoscopine (10 g.) 
and glacial acetic acid (75 c.c.) with some granulated tin, cooled in ice ; 
the temperature was not allowed to rise above 12°. After 6 hours 
the liquid was diluted, and rendered strongly alkaline by means of 
carbonate-free sodium hydroxide, the precipitate was collected, and 
both it and the filtrate were extracted with chloroform. The com- 
bined chloroform solutions were dried over potassium carbonate and 
concentrated ; when the bulk of the solvent had been removed, a 
large volume of methyl alcohol was added and the distillation con- 
tinued until chloroform was no longer present in the distillate. The 
amino-a-pseudognoscopine separated during this process in brilliant 
prisms and the mixture was filtered hot (filtrate, Y). The crude 
material (2-8 g.) had m. p. 231—233° and the base crystallised from 
chloroform in many-sided squat prisms, m. p. 235°. This specimen 
gave consistently low values (0-6%) for the carbon content, but a 
specimen crystallised from much ethyl acetate also had m. p. 235° 
and gave a satisfactory analysis (Found in material dried at 110° in a 
high vacuum over phosphoric oxide: C, 61-7; H, 5-7. C,,H,,0,N, 

requires C, 61-6; H, 57%). The substance is very sparingly 
soluble in most organic solvents, but dissolves freely in hot chloro- 
form or pyridine. 

The related diazonium salt couples with 8-naphthol in alkaline 
solution with formation of a crimson azo-compound, the solution of 
which in concentrated sulphuric acid is deep blue. 

The acetyl derivative (IV, R = NHAc) was isolated from a solution 
of the base (1 g.) in acetic acid and acetic anhydride (5 c.c.) that 
had been kept for 1 hour. It crystallised from alcohol in white 
rectangular plates, m. p. 227° (Found : C, 61-1; H,5-6. C.,H,,0,N, 
requires C, 61-3; H, 5-5%), and was not diazotisable. 

Amino-$-pseudognoscopiné (IV, R= NH,).—On cooling, the 
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methyl-alcoholic filtrate (Y) deposited large prisms, m. p. 189°, and 
more of the same substance could be obtained by concentration of 
the mother-liquor. Two recrystallisations gave colourless rhombic 
prisms of constant m. p. 193° (Found : C, 61-5; H, 5-4. C,.H,,0,N, 
. requires C, 61-6; H, 5-6%).. This base resembles the «-isomeride 
3 and other substances of the class (such as aminognoscopine and 
amino-dl-hydrastine) ; it yields a characteristic hydrochloride, much 
) more sparingly soluble than that derived from the «-base. 
The acetyl derivative is readily soluble in alcohol and crystallises 
3 from concentrated solutions in irregular colourless plates, m. p. 163° 
. (Found : C, 61-3; H, 5-5. C,,H,,0,N, requires C, 61:3; H, 5-5%). 
Iodo-8-pseudognoscopine (IV, R = I).—Amino-$-pseudognoscop- 
ine (3 g.), suspended in concentrated hydrochloric acid (30 c.c.), was 
diazotised at 0° with a saturated solution of sodium nitrite. The 
solution was added to water (100 c.c.) and mixed with potassium 
iodide (20 g. in 150 c.c. of water), after 10 minutes free iodine was 
removed by means of sulphur dioxide, and the pale yellow pre- 
cipitate was collected and triturated with ammonia; it crystallised 
from ethyl acetate in colourless, not quite rectangular tablets and 
prisms, m. p. 222° (decomp.) (Found: C, 48-8; H, 4-0; I, 23-5. 
C,.H,.0,NI requires C, 49-0; H, 4-1; I, 23-6%). This base is very 
sparingly soluble in most neutral organic solvents. It crystallises 
from much alcohol in very well-shaped rhombic prisms. The picrate 
crystallises from acetone in yellow prisms, m. p. 187°. 
§-Pseudognoscopine (IV, R = H).—Freshly prepared aluminium 
amalgam (from 5 g. of thin aluminium foil) was added to a boiling 
solution of iodo-8-pseudognoscopine in methyl alcohol (70 c.c.), the 
mixture refluxed for 30 minutes and filtered, and the filtrate and 
washings concentrated to a small volume. Large rectangular 
prisms separated and the substance was recrystallised several times 
from methyl alcohol (charcoal), forming well-shaped, elongated, 
rhombic prisms, m. p. 80—82°, resolidifying and then melting at 
136°; a pure specimen dried at the ordinary temperature in a 
vacuum over sulphuric acid had m. p. 137—138° (Found in rapidly 
air-dried material: loss at 110° after 12 hours and in a vacuum 
over sulphuric acid after 24 hours, 6-6. C..,H,,0,N,CH,O requires 
CH,O, 7-2%. Found in solvent-free material: C, 63-7; H, 5-4; 
N, 3:4. Cy 9H,,0,N requires C, 63-9; H, 55; N, 34%). The 
hydrochloride is sparingly soluble in dilute hydrochloric acid and 
crystallises in colourless rectangular prisms; the picrate crystallises 
from acetone in minute, canary-yellow, prismatic needles, m. p. 216°. 
Oxidation of §-Pseudognoscopine.—?-Pseudognoscopine (3-1 g., 
dried at 110°) was dissolved in water (15 c.c.) at 60°, and nitric acid 
(7 c.c., d 1-42) gradually added. When almost the whole quantity 
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had been introduced, the oxidation commenced and the vessel was 
removed from the source of heat and wrapped in wool. The tem- 
perature gradually fell to 45° and it was then raised to, and main- 
tained at, 50° for 2 hours. The solution was nearly neutralised but 
kept acid and extracted with much ether; the ethereal solutions 
were extracted with several small quantities of aqueous sodium 
carbonate and the alkaline solution was concentrated and acidified 
with hydrochloric acid. The colourless woolly needles that separated 
recrystallised in the same form from hot water and had m. p. 121— 
122° (Found in material dried at 100°: C, 57-0; H, 5-1. C,H, 9; 
requires C, 57-1; H, 48%). The acid had all the properties of 
pseudopianic acid obtained by Perkin (loc. cit.) by the hydrolysis of 
berberal. For confirmation of its identity it was reduced to pseudo- 
meconine, m. p. 124°, and also converted into hemipinimide, m. p. 
226°. 

The acid solution from which pseudopianic acid had been extracted 
was concentrated under diminished pressure and mixed with con- 
centrated aqueous potassium hydroxide; cotarnine then separated 
in a crystalline condition. The base was identified by conversion 
into anhydrocotarninenitromethane (Hope and Robinson, J., 1911, 
99, 2136), which crystallised from alcohol in colourless needles, m. p. 
121—122° (Found: C, 57-3; H, 5-8. Cale. for C,,H,,0,N,: C, 
57-6; H, 5-6%). 

THE Dyson Perrins LaBoraTtory, THE UNIVERSITY OF MANCHESTER. 

THE UNIVERSITY OF OXFORD. [Received, February 25th, 1932.] 





180. Preparation and Dinitration of 1-Phenyl- 
piperidine. 
By RaymMonD JAMES Woop LE FéEvReE. 


Prynow (Ber.; 1899, 32, 1667; see also Schuster and Pinnow, ibid., 
1896, 29, 1053), using dilute nitric and sulphuric acids, has shown 
that 4-nitrodimethylaniline is more easily substituted in the 2-position 
than is 2-nitrodimethylaniline in the 4-position. Stronger reagents 
overcome and mask this evidently fine difference of reactivity (Le 
Févre, J., 1930, 147). A more marked contrast exists between the 
2’. and 4’-nitro-1-phenylpiperidines, 4’-nitro-1-phenylpiperidine being 
easily mononitrated, even by nitric acid of d 1-42, to yield 2’ : 4’-di- 
nitro-1-phenylpiperidine, whereas 2’-nitro-1-phenylpiperidine is un- 
affected by nitric acid of d 1-5. 

By implication, then, the dinitration of 1-phenylpiperidine should 
lead to a mixture of 2’-nitro- and 2’ : 4’-dinitro-1-phenylpiperidines. 
1-Phenylpiperidine was accordingly added to nitric acid at — 10°. 
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The product consisted of slightly impure 2’ : 4’-dinitro-1-phenyl- 
piperidine (yield, ca. 90%), and the solids obtained by the evaporation 
of the alcoholic mother-liquors from its crystallisation contained no 
2’-nitro-1-phenylpiperidine—a fact indicated both by the non- 
precipitation of the perchlorate of this substance when excess of 
perchloric acid was added to a hydrochloric acid solution of the 
crude material and by mixed m. p. determinations. 

Since production of the dinitro-compound can only be consistently 
viewed as proceeding via the 4’-nitro-derivative, this experiment 
indicates that the piperidino-radical possesses an abnormally strong 
p-orienting influence. 

Further proof that dinitration proceeds wholly through the 
4’-mononitro-compound consisted in the isolation of only 4’-nitro- 
1-phenylpiperidine from the regulated mononitration of the base in 
acetic acid—anhydride solution. 

These, like the similar results reported for various phenylgly- 
oxalines (Forsyth and Pyman, J., 1930, 397; compare also the 
p-nitration of tert.-butylbenzene studied by Malherbe, Ber., 1919, 
52, 319, and the low o/p ratio found for phenylcyclohexane by 
Mayes and Turner, J., 1929, 500), are probably due to steric hindrance 
accentuated by the structurally rigid heterocyclic nuclei. 

Examination of Alternative Preparations of 1-Phenylpiperidine.— 
The method of von Braun (Ber., 1904, 37, 3212) is costly. Other 
obvious preparative methods have therefore been explored. 

(a) Both 2’- and 4’-nitro-1-phenylpiperidine were conveniently 
reduced by the iron—water process (Lellmann and Just, Ber., 1891, 
24, 2103), and diazotisation, etc., of the 2’-amino-compound gave 
l-phenylpiperidine in yields of about 50%, but deamination of 
4’-amino-1-phenylpiperidine was unsatisfactory. 

(6) Phenylation was not effected by boiling piperidine with the 
phenyl esters of p-toluenesulphonic, phosphoric, acetic, and benzoic 
acids or with potassium phenyl] sulphate. 

(c) o- and p-Nitrophenyl p-toluenesulphonates, which interact 
with aniline with production of o- and p-nitrodiphenylamine, 
respectively (Ullmann and Nadai, Ber., 1908, 41, 1872), react with 
piperidine (the m-nitrophenyl ester is resistant) to give o- and 

p-nitrophenol, respectively, and p-toluenesulphonylpiperidide (com- 
pare Groves, Turner, and Sharp, J., 1927, 512; Turner and Fox, 
J., 1930, 1853; Henley and Turner, ibid., p. 928). 

(d) Interaction between iodobenzene and piperidine under 
pressure (see Lellmann and Geller, Ber., 1888, 21, 2279) and the 
thermal decomposition of benzeneazopiperidide (Wallach, Annalen, 
1886, 235, 242) in high-boiling solvents gave unsatisfactory or 
negative results. 
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(e) Attempts to produce sodium piperidide by treating piperidine 
in boiling xylene with powdered sodamide were partly successful and 
the mixture gave a small yield of 1-phenylpiperidine when heated 
with iodobenzene. 

(f) From the violent interaction between ethereal phenylmag- 
nesium iodide or bromide and 1-chloropiperidine, only diphenyl and 
small quantities of basic oils were obtained. 


EXPERIMENTAL. 

Dinitration of 1-Phenylpiperidine.—Phenylpiperidine (5 g.) was 
added during 20 minutes to 50 c.c. of nitric acid (d 1-5), kept below 
— 10°. After 10 minutes, the solution was poured over 150 g. of 
ice, 100 c.c. of water were added, the liquid was decanted, and the 
solid product extracted with benzene (50 + 50 + 30 c.c.). The 
extracts were washed with 15 c.c. of water, with 2N-caustic soda, 
and with water (three times with each), dried with sodium sulphate, 
and evaporated, leaving a residue (4:2 g.), m. p. 80—85°. The 
decanted aqueous liquid, on dilution, gave 2-5—3 g. of an orange 
solid, m. p. 89—92°. Recrystallisation of the combined products 
gave 6 g. of 2’ : 4’-dinitro-1-phenylpiperidine, m. p. 92° (Lellmann and 
Geller, Ber., 1888, 24, 2283). 

Mononitration of 1-Phenylpiperidine.—A solution of pheny]l- 
piperidine (3-1 g.) in acetic acid (40 c.c.) and acetic anhydride (10 c.c.) 
was treated at the ordinary temperature with 1 c.c. of nitric acid 
(d 1-5) in 30 c.c. of acetic acid, and after 10 minutes the mixture was 
diluted with water. The yellow plates obtained (3-5 g.), m. p. 983— 
94°, had, after recrystallisation from 95°% alcohol, m. p. 102—103° 
(alone or mixed with authentic 4'-nitro-1-phenylpiperidine). The 
acid filtrate was made ammoniacal. Yellow needles (and a reddish 
gum, 0-2 g.) were obtained, m. p. 90—-95°, and 101—102° after 
crystallisation. 

Preparation of 1-Phenylpiperidine.—2’- and 4'-Nitro-1-pheny]- 
piperidine (51 g.), reduced with iron filings (100 g.), water (150 
c.c.), and a trace of hydrochloric acid in the usual way, gave 
2’-amino-1-phenylpiperidine (30 g.), b. p. 145°/14 mm., and the 
4’-amino-compound (25 g.), m. p. 40°, respectively. Either amino- 
compound (20 g.) was dissolved in 125 c.c. of concentrated sulphuric 
acid and diazotised with sodium nitrite (8-2 g.) and the solution was 
added slowly to 240 c.c. of boiling 95° ethyl alcohol. After the 
evolution of nitrogen ceased, water was adac., °~d the clear solution 
made alkaline and extracted with chloroform. The yield of phenyl- 
piperidine, b. p. 245—250°, was 10 g. from the 2’-amino-compound, 
and but small from the 4’-isomeride. 

Interaction of Piperidine and Various Phenyl Esters.—Phenyl 
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DINITRATION OF 1-PHENYLPIPERIDINE. 





p-toluenesulphonate and triphenyl phosphate were recovered un- 


1e 
d changed after being heated with an equal weight of piperidine for 
d 6 hours at 100°. 


A mixture of 10 g. of phenyl acetate and 30 g. of piperidine was 
- left over-night at the ordinary temperature. Distillation yielded 
] phenol and piperidine, 18 g. (up to 200°), and acetylpiperidine, 21 g. 
(225—230°). Phenyl benzoate, salol, and acetylsalol were observed 
qualitatively to behave analogously. 

Interaction of Piperidine with o-, m-, and p-Nitrophenyl p-Toluene- 
sulphonates.—The m-ester (Henley and Turner, loc. cit.) (3 g.) was 
gently boiled with piperidine (2 g.) for 1 hour, and the deep red 
| solution then diluted with water. The precipitate produced (about 
: 2-6 g.) had m. p. 103—104°, and 112° (after one crystallisation from 
spirit) alone or mixed with m-nitrophenyl p-toluenesulphonate. 

Piperidine (4 g.) and o-nitrophenyl p-toluenesulphonate were 
boiled for 1 hour, and the deep red solution was diluted, just acidified 
with dilute sulphuric acid, and steam-distilled, 1-6 g. of o-nitrophenol 
being obtained (1-75 g. after correction for solubility in water). 
Crystalline material (2-1 g.; 94% yield), m. p. 100°, obtained 
from the residual liquor, had m. p. 101—102° (alone or mixed 
with p-toluenesulphonylpiperidide) after one crystallisation from 
spirit. 

The p-nitropheny] ester (2 g.) and piperidine (10 c.c.), after 1 hour’s 
boiling, gave, when diluted and made alkaline, a white solid, m. p. 
100°, evidently p-toluenesulphonylpiperidide. The alkaline solution 
on acidification gave p-nitrophenol, m. p. 114°. 

Preparation of 1-Chloropiperidine.—A solution of piperidine (25 g.) 
in water (25 c.c.) was dropped slowly into a suspension of bleaching 
powder (200 g.) in 1 1. of water containing 25 g. of potassium 
hydroxide, a slow current of steam being passed meanwhile. A 
light yellow oil was obtained with the aqueous distillate ; after being ' 
washed and dried with calcium chloride, it had b. p. 5|0—56°/23 mm, 
(Lellmann and Geller, Ber., 1888, 24, 1921, give b. p. 52°/25 mm.). 
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181. Experiments on the Synthesis of Rotenone and 
its Derivatives. Part II. The Synthesis of Rissic 
Acid and of Derric Acid, and the Constitution of 
Rotenone, Deguelin, and Tephrosin. 


By ALEXANDER ROBERTSON. 


RoTENONE, an active insecticidal principle which occurs in the root 
of Derris elliptica, was first isolated in the pure state by Nagai 
(J. Tokyo Chem. Soc., 1902, 23, 740), who showed that the com- 
pound was a ketone. Since then the substance has been the subject 
of extensive analytical investigations by several different groups 
of workers and a large number of degradation products have been 
described. Of these the most important appear to be dehydro- 
rotenone, rotenol, derritol, and derrisic, derric, rissic, and tubaic 
acids, Despite the accumulated evidence the entire constitution 
of the rotenone molecule is not clear and the recent formule pro- 
posed for the compound by Takei, Miyajima, and Ono (Ber., 1932, 
65, 279) and by LaForge and Haller (J. Amer. Chem. Soc., 1932, 
54, 810) are fundamentally different. Moreover, the necessary 
arguments in each case are somewhat intricate and consequently 
the problem of the synthesis of rotenone and its degradation 
products appears to be of considerable interest. 

Rotenone, which is optically active (Ishikawa, Tokyo Med. J., 
1917, 31, No. 4), was shown by Kariyone and his co-workers 
(J. Pharm. Japan, 1923, 491,10; 1924, 514, 1049; 1925, 518, 376) 
to contain a double bond and methoxyl groups and to give rise to 
tubaic acid, C,,H,,0,, on fusion with potassium hydroxide. The 
accepted empirical formula, C,,H,,0,, for the compound was first 
established by Takei (Biochem. Z., 1925, 157, 1) and confirmed by 
Butenandt (Annalen, 1928, 464, 253). According to the observ- 
ations of the latter author and of LaForge and his co-workers (J. 
Amer. Chem. Soc., 1929, 54, 2574; 1930, 52, 1088, 1091, 3603) 
the rotenone molecule consists of two halves joined through a 
carbonyl group and may be written 


[C,H ,O(OMe).}-CO-[C,,H,,0.] 
Rissic acid Tubaic acid 


Butenandt found that on treatment with zinc dust and alkali 
rotenone gave rise to rotenol, C,,H,,0,, and derritol, C,,H0,, 
whereas with mild oxidising agents the loss of two hydrogen atoms 
occurred with the formation of dehydrorotenone, C,,;H,0,. On 
hydrolytic decomposition with aqueous alkali the last compound 
was converted into a monobasic acid, derrisic acid, C,,H,,0,. 
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By the oxidation of derritol and of dehydrorotenone LaForge, 
Haller, and Smith (J. Amer. Chem. Soc., 1931, 53, 4400) obtained 
a hydroxydimethoxybenzoic acid identical with the acid isolated 
by Clark (ibid., p. 3431) from dehydrodeguelin, a compound which is 
isomeric with rotenone and occurs along with it in Derris elliptica. 
This acid Clark believed to be 2-hydroxy-4 : 5-dimethoxybenzoic 
acid. On oxidation with alkaline hydrogen peroxide derrisic is 
degraded to derric acid, which is further oxidised by potassium 
permanganate to rissic acid (LaForge and Smith, J. Amer. Chem. 
Soc., 1930, 52, 1091, 2878; Takei and co-workers, Ber., 1931, 64, 
1006). Since rissic acid on thermal decomposition was found to 
give 3: 4-dimethoxyphenoxyacetic acid, LaForge (J. Amer. Chem. 
Soc., 1931, 53, 3896) adopted formula (III, R = H) for this com- 
pound and (VI) for derric acid (compare Takei, Miyajima, and Ono, 
loc. cit.). 

In Part I * (J., 1931, 2432) the constitution of Clark’s acid was 
established by synthesis. While the evidence for the constitution 
of rissic acid and of derric acid, though of an indirect nature, 
appeared to be substantial, it was realised that a 6-phenoxypropionic 
acid structure for the latter substance was not excluded. In view 
of the important bearing which these acids have on the constitution 
of rotenone and of deguelin and tephrosin (Clark, J. Amer. Chem. 
Soc., 1931, 53, 729, 2372) it was resolved to place their structure 
beyond doubt by means of synthetical experiments. 


MeO’ NOH _. MeO \O-CH,-CO,Et : MeO” \O-CH,:CO,R 
MeO. CHO —* Meo. eae Si Mo Boat : 
(I.) (II.) (III.) 


MeO 
MeO. JCHIC-CO” MeO. )cH,-CO-CO,H MeO\ CH,-CO,H 


7 
(IV.) N-COPh (V.) (VI.) 


The preparation of the required intermediate (II) from the alde- 
hyde (I) depends on the observation that esters of phenoxyacetic 
acids are readily formed by the interaction of ethyl bromoacetate 
and a phenolic compound in the presence of potassium carbonate in 
boiling acetone. By this method reactive groups, e.g., CHO, CO,Me, 
etc., already present in the phenolic nucleus are unaffected, and 
further, it permits the use of acyl groups as a means of protecting 
specific hydroxy] groups in the preparation of hydroxyphenoxyacetic 
acids. Qn oxidation, (II) gave rise to the ester (III, R = Et), 


* This paper, which was in the nature of a preliminary note, is now regarded 
as Part I of this series of memoirs. 


O-CH,-CO,Et Me eanasebs MeO’ \O-CH,:CO,H 
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which on hydrolysis afforded 2-carboxy-4 : 5-dimethoxyphenoxy- 
acetic acid (III, R = H) identical with rissic acid. This compound 
is most conveniently characterised by means of its methyl ester 
(Takei and co-workers, Ber., 1931, 64, 248). The conversion of 
(IL) into derric acid (VI) proceeded smoothly by Mauthner’s method 
(Annalen, 1909, 370, 368) through the stages (IV) and (V). The 
formule (III, R = H) and (VI) proposed by LaForge (loc. cit.) for 
rissic acid and derric acid respectively are therefore confirmed and 
in consequence the structures recently proposed for rotenone and 
dehydrorotenone by Takei, Miyajima, and Ono (loc. cit.) are definitely 
excluded. 

It was believed that the structure of rotenone might possibly be 
related to that of brazilin (Perkin and Robinson : for references, see 
Perkin and Everest, ‘‘ Natural Organic Colouring Matters,” 1918, 
pp. 345—383). Though a comparative survey of the chemistry 
of the two compounds indicated important differences in their 
constitutions, certain resemblances were noted (e.g., the relationship 
of rissic acid to 2-carboxy-5-methoxyphenoxyacetic acid) and the 
author was led to adopt the new structures * for rotenone (VII) and 
dehydrorotenone (VIII) which have recently been suggested by 
La Forge and Haller (loc. cit.). 


CH, ae si 


io CMe:CH, 
CH, Q 
wg Ty, hi ” 


(VII.) 


The reasons which led to this conclusion were i= identical 
with those set forth by Haller and LaForge and need not be dis- 
cussed here. In further support of the structures (VII) and (VIII), 
however, it may be noted that (VII) contains a dihydro-1 : 4-pyrone 
nucleus and that the formation of the dehydro-compounds of the 
isoflavone type (VIII) (Baker and Robinson, J., 1925, 127, 1981) 
offers an analogy with the transformation of a flavanone into a 
flavone. Similarly the hydrolysis of dehydrorotenone (VIII) to 
derrisic acid (IX) is directly analogous to the decomposition of an 
isoflavone. 


* The author’s views on the constitution of rotenone and related substances 
were communicated privately to Professor R. Robinson, F.R.S., of Oxford 
University on January 20th, 1932, before the publication of the memoir by 
Haller and LaForge (loc. cit.) on February 5th, 1932. 
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In this formula for rotenone (VII) the tubaic acid residue is 
represented as an integral part of the molecule and is formulated on 
the basis of the structure (X) proposed for tubaic acid by Haller and 
LaForge (J. Amer. Chem. Soc., 1931, 53, 4460). As far as the 
available direct experimental evidence goes, the latter compound 
may equally well have formula (XI) (Takei and co-workers, Ber., 
1931, 64, 1000). In support of formula (X) or (XI) and in 
opposition to formula (XII) for tubaic acid it may be mentioned 
that the ferric chloride reactions of this acid and its derivatives 
closely resemble those of certain compounds of 2 : 6-dihydroxy- 
toluene (e.g., 2-hydroxy-4-methoxy-3-methylbenzoic acid) recently 
prepared in this laboratory. 


0 
\CH-CMe:CH, 
HO, CH, 
H (x) 
0 
/ NOH, H OH, 
HOC. )—CH-cme:cH, HO, CH-CMe:CH, 
H. (XI.) (XIT.) 


The opening of the dihydrofuran ring in certain derivatives of 
rotenone by catalytic hydrogenation is accompanied by the destruc- 
tion of the optically active centre which is situated in the tubaic acid 
residue. This fact lends support to the view that the isoallyl group 
is in the 2-position of the dihydrofuran ring (X), since racemisation 
in this manner would be less likely to occur in a structure of the 


type (XI). . 
The Constitution of Deguelin and Tephrosin. 


It has been established by Clark (loc. cit.) that in addition to 
rotenone there occur in Derris elliptica two closely related substances, 
tephrosin (Hanriot, Compt. rend., 1907, 144, 150) and deguelin. 
The latter compound, which is optically inactive, is an isomeride 
of rotenone and appears to contain the same dihydro-1 : 4-pyrone 
nucleus. Dehydrodeguelin, which is formed in the same manner as 
and is isomeric with dehydrorotenone, on treatment with alkali gives 
rise to deguelic acid, an isomeride of derrisic acid. The structure 
of deguelic acid must be closely related to that of derrisic acid, 
since on oxidation it yields derric acid (VI) and rissic acid (III) 
(Clark, J. Amer. Chem. Soc., 1931, 53, 2369). Inspection of the 
formula of derrisic acid (IX) indicates that the structural difference 
between it and deguelic acid must lie in the tubaic acid residue. 
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It is now accepted that the so-called deoxy-acids formed by the 
catalytic hydrogenation of rotenone and certain of its derivatives 
are in reality phenols and arise by the opening of the dihydrofuran 
ring. Thus-the phenol rotenonic acid (Butenandt, loc. cit.) may 
be represented by a formula of the type (XIII). 


OH 
(XIII.) CH,CMe-.CH, Me, (xtv.) 
—CH, ; a 
H, 
van CO,H 
| 
Onan 
CO 
(XVI.) 





This substance on treatment with a mixture of acetic and sulphuric 
acids gives rise to @-dihydrorotenone, which has no longer the 
properties of a phenol. It retains the dihydro-1 : 4-pyrone nucleus 
of rotenone, since on oxidation it yields dehydro-8-dihydrorotenone, 
which on treatment with alkali is converted into dehydrodihydroxy- 
8-dihydrorotenonic acid (Haller, J. Amer. Chem. Soc., 1931, 53, 
733). The latter. compound, which may be more conveniently 
named $-dihydroderrisic acid, is a true monobasic, phenolic acid and 
on oxidation with alkaline hydrogen peroxide yields derric acid 
(VI). The 8-series of rotenone derivatives, therefore, is produced 
by a rearrangement of the elements of the dihydrofuran residue in 
compounds of the type (XIII), and hence it appears justifiable to 
conclude that this rearrangement results in the formation of a 
chroman ring (type XIV). 

On catalytic reduction dehydrodeguelin gives rise to a dihydro- 
derivative identical with dehydro-$-dihydrorotenone. Similarly 
dihydrodehydrodeguelic acid is identical with (-dihydroderrisic 
acid (Clark, loc. cit.). Therefore dihydrodeguelin and its derivatives 
may be represented by formule of the type (XIV). As a result of 
the close resemblance between dehydrorotenone and dehydro- 
deguelin (type VIII) it is reasonable to assume that in the latter 
compound the catalytically reducible double bond is situated in the 
chroman nucleus and hence deguelin may be represented by formula 
(XV; R=H, R, = H). 

According to Clark (Joe. cit.) tephrosin, C,,H,,0,, is a hydroxy- 
deguelin which is readily dehydrated, yielding dehydrodeguelin. 
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In this manner tephrosin resembles rotenolone (LaForge and Smith, 
loc. cit.), with which it is isomeric. By analogy, therefore, with 
deguelin, tephrosin may be represented by formula (XV; R = OH, 
R, = H) or (less likely) (XV; R = H, R, = OH), and its oxidation 
product, tephrosindicarboxylic acid, by formula (XVI). 


EXPERIMENTAL. 


2-Carboxyphenoxyacetic Acid.—A mixture of methyl salicylate 
(3 g.), ethyl bromoacetate (4 c.c.), anhydrous potassium carbonate 
(10 g.), and acetone (40 ¢.c.) was refluxed on the steam-bath for 2 
hours. The solution was separated from the potassium salts by 
filtration and the acetone and excess of ester were removed by 
evaporation on the steam-bath under diminished pressure. The oily 
residue, which did not give a coloration with alcoholic ferric chloride, 
was hydrolysed by boiling for } hour with 10°% aqueous-alcoholic 
potassium hydroxide (20 c.c.; 50% alcohol). On isolation the 
acid crystallised from water in plates (1-5 g.), m. p. 190° after 
sintering at 185° when placed in a bath at 160° (Found: C, 55-1; 
H,4-1. Cale. for C,H,0;: C, 55-1; H, 41%) (Bischoff, Ber., 1900, 
33, 1398). When ethyl chloroacetate was used in place of the bromo- 
compound the reaction was incomplete after 12 hours. 

2-Carboxy-4-methoxyphenoxyacetic Acid.—The interaction of 
methyl 4-O-methyl-$-resorcylate (3 g.) with ethyl bromoacetate 
(4 c.c.) in boiling acetone in the presence of potassium carbonate 
(7 g.) during 3 hours gave rise to the mixed ester. This compound 
was hydrolysed by means of a boiling mixture of alcohol (25 c.c.) 
and 14% aqueous potassium hydroxide (50 c.c.) for 4 hour. The 
acid crystallised from water in slender needles, m. p. 175° with slight 
shrinking at 168—170° (Found: C, 53-0; H, 46. Calc. for 
CoH 1904: C, 53-1; H, 4-4%) (compare Perkin and Robinson, J., 
1908, 93, 505). 

3 : 4-Dimethoxyphenoxyacetic Acid.—In his preparation of 3 : 4-di- 
methoxyphenol Clark (J. Amer. Chem. Soc., 1931, 53, 3434) has 
overlooked the earlier description of this compound by Head and 
Robertson (J., 1930, 2440). The procedure described by Clark 
for the nitration of veratrole is inferior to Robinson’s method, which 
gives nitroveratrole in 99% yield (J., 1915, 107, 257). The reduc- 
tion of nitroveratrole to the amino-compound is more conveniently 
carried out with sodium sulphide according to Fargher (J., 1920, 
117, 869) than with tin and hydrochloric acid. 

The earlier method for the conversion of aminoveratrole into 
3: 4-dimethoxyphenol has been somewhat modified. The amine 
(40 g.), dissolved in 10% sulphuric acid (350 c.c.), was diazotised 
below 0° with sodium nitrite (17 g.). The diazonium solution was 














1386 ROBERTSON : EXPERIMENTS ON THE 


treated with charcoal, filtered, and gradually added to a boiling 
solution of sodium sulphate (100 g., anhydrous) in water (200 c.c.). 
The formation of the phenol was accompanied by a considerable 
amount of tar which was only partially soluble in ether. The yield 
of phenol, twice distilled under reduced pressure, was 18—20% of 
the theoretical. 

A mixture of 3 : 4-dimethoxyphenol (1-5 g.), ethyl bromoacetate 
(2 c.c.), potassium carbonate (5 g.), and acetone (40 c.c.) was 
refluxed for 1-5 hours. The hydrolysis of the resulting ester was 
effected with boiling 10% aqueous-alcoholic potassium hydroxide 
(50 c.c.). The acid (1-4 g.), m. p. 113—115°, crystallised from 
benzene in spherical aggregates of rod-like prisms, m. p. 116° (Found 
in dried material: C, 56-6; H, 5-8. Calc. for CygH,.0,;: C, 56-6; 
H, 5:7%). It isreadily soluble in warm water and separates from 
the cooled solution as a hydrate in rectangular prisms. The com- 
pound has properties identical with those described by LaForge 
(loc. cit.). 

Ethyl 2-Aldehydo-4 : 5-dimethoxyphenoxyacetate (I1).—2-Hydroxy- 
4 : 5-dimethoxybenzaldehyde (Head and Robertson, loc. cit.) (3 g.) 
readily reacted with ethyl bromoacetate (3 c.c.) in the presence of 
potassium carbonate (6 g.) in boiling acetone (40 c.c.). After 20 
minutes, a sample no longer gave a ferric chloride reaction; this 
completion of the reaction coincided with the disappearance of the 
yellow colour which had developed when the reagents were mixed. 
After isolation the aldehyde crystallised from alcohol in almost 
colourless plates (4 g.), m. p. 129° (Found: C, 581; H, 5-9. 
C,,H,,0.¢ requires C, 58-2; H, 6-0%). The compound is sparingly 
soluble in cold methyl alcohol or acetone and readily reduces 
warm Fehling’s solution and ammoniacal silver nitrate. The semi- 
carbazone crystallised from alcohol in colourless prisms, m. p. 
189°. 

2-Carboxy-4 : 5-dimethoxyphenoxyacetic Acid (Rissic Acid) (III, 
R = H).—The foregoing aldehyde (2 g.) was dissolved in warm 
acetone (50 c.c. at 50°) and oxidised by the careful addition of a 
solution of potassium permanganate (2-5 g.) in warm water (60 c.c. 
at 45°). The reaction proceeded slowly and the mixture was finally 
kept for 20 minutes at room temperature, and cleared with sulphur 
dioxide. Next day the crystalline acid-ester (III, R = Et) (1-5 g.) 
was collected and on recrystallisation from alcohol formed colourless 
elongated prisms, m. p. 190° (Found: C, 54:7; H, 5-7. C,3H,,.0, 
requires C, 54-9; H, 5-6%). 

Hydrolysis of this ester (4 g.) was effected by warm (steam-bath) 
6-5% aqueous potassium hydroxide (50 c.c.) during 3 hours. The 
cooled solution was acidified and next day the solid was collected 
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and crystallised from warm methyl alcohol. Rissic acid formed 
colourless rod-like prisms which decompose at 257—258° with the 
evolution of carbon dioxide (Found in dried material: C, 51-5; 
H, 4:7. Cale. for C,,H,,.0,: C, 51-6; H, 4:7%). This acid is 
sparingly soluble in the usual organic solvents and in water (Takei 
and his co-workers, and Clark, loc. cit., record m. p. 256°; LaForge 
and Smith, loc. cit., m. p. 261—263°). 

Treatment of a suspension of thefinely powdered acid in ether with 
excess of diazomethane gave the methyl ester, which crystallised 
from ether in plates, m. p. 86-5° (Found: C, 54-7; H, 5-6. Cale. 
for C,,H,,0,: C, 54-9; H, 5-6%) (Takei and co- workers, loc. cit.). 

Azlactone of Ethyl 2-Aldehydo-4 : 5-dimethoxyphenoxyacetate (IV).— 

A mixture of ethyl 2-aldehydo-4 : 5-dimethoxyphenoxyacetate (6 g.), 
hippuric acid (8 g.), sodium acetate (5 g.), and acetic anhydride 
(30 c.c.) was heated on the steam-bath for 1-5 hours. 50% Alcohol 
(100 ¢.c.) was added to the warm reaction mixture and after several 
hours the crystalline azlactone (7-2 g.) was collected, and recrystal- 
lised from alcohol or acetic acid-alcohol, forming elongated, bright 
orange prisms, m. p. 175° (Found: C, 64:1; H, 5:3. Cy ,H,,0,N 
requires C, 64-2; H, 5-1%). The compound is sparingly soluble in 
alcohol or benzene and insoluble in aqueous sodium hydroxide. 

Derric Acid (V1).—The foregoing azlactone (12-5 g.) was boiled 
with a 10% solution of sodium hydroxide (200 c.c.) for 4 hours, and 
the almost colourless solution saturated with sulphur dioxide 
(compare Baker and Robinson, J., 1929, 157). After several hours 
the benzoic acid which had separated was filtered off and the last 
traces remaining in solution were removed by two extractions with 
ether. The liquor was then heated on the steam-bath with an 
excess of concentrated hydrochloric acid for 2 hours, and the pyruvic 
acid (V) gradually separated as a micro-crystalline powder (8 g.). 
Recrystallised from acetic acid or from a large volume of methyl 
alcohol, it formed colourless microscopic prisms, m. p. 238° (decomp.) 
after slight darkening at 220—225° (Found in a specimen dried at 
120° in a vacuum: C, 52-3; H, 4:8. C,3H,,0, requires C, 52-4; 
H, 4:7%). 

The foregoing pyruvic acid (2-5 g.) was dissolved in 5% aqueous 
sodium hydroxide and oxidised at room temperature with 30% 
hydrogen peroxide (3 c.c.). After having been kept for 1 hour, the 
mixture was warmed to 50° for 15 minutes, cooled, and saturated 
with sulphur dioxide. Next day the derric acid which had separated 
in colourless prisms (1-7 g.), m. p. 166—168°, was collected and 
crystallised from ethyl acetate-ether, forming slender prisms, m. p. 
169° (Found: C, 53-3; H, 5-3. Cale. for C,,H,,0,: C, 53-3; 
H, 5:2%). The properties of the compound are identical with 
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those of the natural acid (LaForge and Smith, J. Amer. Chem. Soc., 
1930, 52, 1097). 


The author is indebted to the Chemical Society for a grant. which 
has in part defrayed the cost of the materials. 


Lonpon ScHoont or HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. [Received, February 27th, 1932.] 





182. Lichen Acids. Part II. The Constitution of 
Evernic Acid and the Synthesis of Methyl Evernate. 


By ALEXANDER ROBERTSON and RICHARD JOHN STEPHENSON. 


In Part I (J., 1930, 313) we indicated that experiments on the 
synthesis of the depside barbatic acid were in progress. Several 
attempts to obtain this acid by methods analogous to those adopted 
by Fischer and Fischer (Ber., 1913, 46, 1138) in their synthesis of 
lecanoric acid, viz., the interaction of an O-acylrhizonoyl chloride 
with the disodium derivative of $-orcincarboxylic acid, were un- 
successful. Moreover, the preparation of the required inter- 
mediates in quantity is laborious and hence we were led to abandon 
this line of attack on the constitution of the acid. In any case as 
a meahs of determining the exact structure of the natural depsides 
their synthesis by Fischer’s procedure of monoacylating polyhydric 
phenolic acids may lead to results of doubtful value, and require 
to be supplemented by experiments of another kind. Accordingly, 
in addition to synthetical experiments we resolved to investigate 
the problem of depside constitution by alkylation and subsequent 
hydrolysis of the products to their component acids. In dealing 
with depsides containing a methoxyl group, ethylation is to be 
preferred to methylation wherever it is possible. 

The depside selected for study in the first instance by these 
methods was evernic acid. Fischer (Ber., 1914, 47, 505) has shown 
that this substance is converted into methyl O-trimethyllecanorate 
by means of diazomethane and concludes that of the three formule 
proposed by Hesse (J. pr. Chem., 1898, 57, 249), formula (I) only 
is in agreement with this result. Since according to Hesse (loc. 
cit.) evernic acid is isomeric with ramalic acid and both substances 
yield everninic acid on hydrolysis with baryta, it seemed desirable 
to place the constitution of the former compound beyond doubt. 

It has been found that methylation of evernie acid with methyl 
iodide and silver oxide in acetone affords the dimethyl ester (LI) 
identical with methyl O-trimethyllecanorate (Fischer, loc, cit.). 
Ethylation with ethyl iodide in the same manner or with diazo- 
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ethane gave rise to ethyl O-diethylevernate (IIL), which on hydrolysis 
afforded a mixture of the acid (IV) and the ester (V). The con- 
version of everninaldehyde (VI) into 7-methoxy-5-methylcoumarin 
(Hoesch, Ber., 1913, 46, 886) served to establish its constitution 
and consequently that of everninic acid; this result has been in- 
dependently confirmed by Hirst (J., 1927, 2494). The structure 
of (IV) therefore follows from its formation from (VI) through the 
stage (VII). The constitution of the ester (V) is derived by its 
production from the carbomethoxy-derivative (IX), which was 
obtained from p-carbomethoxyorsellinic acid (Fischer and Hoesch, 
Annalen, 1912, 391, 347). Thus ethyl O-diethylevernate has 
formula (III) and the constitution (I) ascribed to evernic acid by 
Fischer is confirmed. 


Hoc Seo oc Scout Heo Seo 0 Soa 


(I.) (II.) 
Me Me Me Me 


gg cag fry. 0,H 0,Et 
9 Ke MeO\ ,OEt HO. JOEt 
(III.) eee (IV.) (V.) 
Me Me | 
(‘eH CO, Et 
OH Med Bt MeO {0-0 MeO £e0,0-0. ort 


4 (VII.) (VIII.) (LX.) 


vd thus established the constitution of evernic acid, we 
decided to attempt its synthesis. Fischer and Fischer (loc. cit.) 
in their synthesis of lecanoric acid employed the carbomethoxy- 
group to protect the hydroxyl groups of orsellinic acid. in the pre- 
paration of the required acid chloride. We found that in the pre- 
paration of O-carbomethoxyeverninic acid by the oxidation of the 
corresponding aldehyde the yields were invariably poor, and the 
product was contaminated with everninic acid which was difficult 
to remove. Likewise the conversion of everninic acid into the 
carbomethoxy-compound was unsatisfactory. On the other hand, 
acetyleverninaldehyde is readily oxidised to the corresponding 
acid and, in agreement with the statement of Fischer regarding 
the ease of hydrolysis of acetates of this type, we found that acetyl- 
everninic acid was completely hydrolysed by N-sodium hydroxide 
at room temperature in 10 minutes. The interaction of the acid 
chloride (X) and orsellinic acid in alkaline aqueous acetone at — 15° 
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resulted only in a mixture of the two original acids, and a solution 
of the compounds in a mixture of benzene (or acetylene tetra- 
chloride) and pyridine (or dimethylaniline) gave rise to oily pro- 
ducts which in contact with water reverted to the acids. Fischer 
(Ber., 1913, 46, 3265) has remarked that, although the yield in 
depside synthesis is generally good, it is sometimes considerably 
depressed by the formation of by-products of the anhydride type. 


Me Me Me Me 
cocl CO,Me MeO COOK CO,Me 
mock ORs One Dre On 
(X.) (XI.) (XIL.) 


The use of methyl orsellinate (XI) in place of the acid itself, 
however, enabled us to effect a synthesis of methyl evernate. The 
interaction of (X) and (XI) in pyridine gave rise to the acetate (XII), 
which on deacetylation afforded the methyl ester identical with 
a specimen prepared from the natural acid. 

Attention may be directed to the curious formation of methyl 
everninate by the hydrolysis of methyl evernate with aqueous- 
alcoholic potassium hydroxide. With aqueous potash a mixture 
of the expected compounds was obtained. 


EXxPERIMENTAL. 


Acetyleverninaldehyde.—The following method proved convenient 
for the preparation of everninaldehyde in quantity (compare Hoesch, 
loc. cit.). A mixture of orcylaldehyde (25 g.), methyl iodide (12 c.c.), 
anhydrous potassium carbonate (25 g.), and acetone (175 c.c.) was 
refluxed for 1-5 hours; a further quantity of iodide (6 c.c.) was 
added after 1 hour. After isolation the aldehyde crystallised 
from 70% methyl alcohol in prisms (23 g.), m. p. 65°. Acetylation 
of the compound (10 g.) with acetic anhydride (75 c.c.) and sodium 
acetate (10 g.) on the steam-bath during 1 hour afforded the acetate, 
which separated from warm ligroin in slender prisms (12 g.), m. p. 
84° (Found: C, 63-2; H, 5-7. C,,H,.0, requires C, 63-4; H, 
5-8%). This derivative is readily soluble in alcohol, acetone or 
acetic acid and does not give a ferric chloride reaction. 

O-Acetyleverninic Acid.—The foregoing acetate was dissolved 
in warm acetone (100 c.c. at 50°) and oxidised by the gradual 
addition of a solution of potassium permanganate (12 g.) and 
magnesium sulphate (12 g.) in water (200 c.c.). The reaction 
mixture was kept for 15 minutes, cooled to 0°, and cleared with 
sulphur dioxide. A solution of the solid in saturated aqueous 
sodium bicarbonate (100 c.c.) was filtered from traces of unchanged 
aldehyde, and on acidification with dilute hydrochloric acid gave 
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almost pure acetyleverninic acid (9 g.). Crystallised from ethyl 
acetate-ligroin, it formed prisms, m. p. 117° (Found: C, 58-7; 
H, 5-7. Cale. for C,,H,,0,: C, 58-9; H, 5-4%). (Hesse, J. pr. 
Chem., 1915, 92, 431, records m. p. 111°; St. Pfau, Ber., 1924, 57, 
468, m. p. 107—108°). 

Hydrolysis of the acetate (2 g.) by means of 4°% aqueous sodium 
hydroxide (25 c.c.) at room temperature during 10 minutes gave 
the acid, needles, m. p. 170° (rate of heating, 0-5° per second). The 
conversion of everninic acid (15 g.) into the acetate, m. p. and mixed 
m. p. 117°, is best effected by means of acetic anhydride (25 c.c.) 
and pyridine (45 ¢c.c.) at 37° for 80 hours. 

O-Diacetylevernic Acid.—Evernic acid was isolated from the 
lichen Evernia prunastri by extraction with ether, and separated 
from atranorin and usnic acid according to the directions of Hesse 
(J. pr. Chem., 1915, 92, 431). The substance was purified by 
crystallisation from warm acetone and obtained in tiny, colourless, 
prismatic needles, m. p. 170°; yield, 65 g. from 1-3 kg. of lichen. 

The acid (2 g.) was acetylated with acetic anhydride (4 c.c.) and 
pyridine (6 c.c.) at 37° for 120 hours. The mixture was poured 
into 3-5% hydrochloric acid (100 c.c.) and the diacetate was col- 
lected, washed, and crystallised from dilute acetone and then from 
ethyl acetate—ligroin, forming flat and almost rectangular prisms, 
m. p. 159° (without evolution of carbon dioxide) (Found: C, 60-7; 
H, 5-0. Calc. for C,,H.»0,: C, 60-5; H, 4.9%). The compound 
dissolves in aqueous sodium bicarbonate with the evolution of 
carbon dioxide and does not give a ferric chloride reaction (Hesse, 
J. pr. Chem., 1915, 92, 431, describes the diacetate as a crystalline 
powder, m. p. 144°, which gives a faint brown ferric chloride re- 
action). 

O-Ethyleverninaldehyde (VII).—Ethylation ‘of everninaldehyde 
(2 g.) was effected with ethyl iodide (3 c.c.) and silver oxide (3 g.) 
in boiling acetone (20 ¢c.c.) during 1 hour. The resulting ether 
crystallised from dilute alcohol in tiny irregular plates (2-1 g.), 
m. p. 64° (Found: C, 68:1; H, 7-5. C,,H,,0, requires C, 68-0; 
H, 7-3%). This compound does not give a ferric chloride reaction. 

O-Ethyleverninic Acid (IV).—The foregoing aldehyde (1-2 g.) 
was dissolved in warm acetone (10 c.c. at 50°) and oxidised by the 
addition of a warm 6% aqueous solution of potassium permanganate 
(25 c.c.). The reaction mixture was cleared with sulphur dioxide 
and the acid separated as an oil which gradually solidified. Crystal- 
lised from ethy] acetate-ligroin, O-ethyleverninic acid formed pointed 
prisms, m. p. 87° (Found: C, 62-8; H, 6-9. C,,H,,0, requires 
C, 62-8; H,6-7%). Itis readily soluble in alcohol, benzene, acetone, 
or ethyl acetate and sparingly soluble in boiling water. 
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Ethyl 1-O-Ethylorsellinate (V).—p-Monocarbomethoxyorsellinic 
acid (Fischer and Hoesch, loc. cit.) (2 g.) was dissolved in acetone 
(30 c.c.) and ethylated by means of ethyl iodide (4 c.c.) and silver 
oxide (3 g.) during'1 hour on the water-bath; a sample then gave 
no ferric chloride reaction, thus showing that ethylation was com- 
plete. A solution of the product in 5% alcoholic potassium hydr- 
oxide (20 ¢.c.) was kept at room temperature for 4 hour, diluted 
with water, and acidified with hydrochloric acid. The ethyl ester, 
which separated as an oil, solidified in the course of 12 hours, and 
on recrystallisation from light petroleum formed tufts of elongated 
slender prisms (0-8 g.), m. p. 89° (Found : C, 64-5; H, 7-0. C,.H,,0, 
requires C, 64-3; H, 7-2%). This compound is readily soluble 
in dilute sodium hydroxide solution, alcohol, acetone, or ethyl 
acetate, and sparingly soluble in boiling water. It does not give 
a ferric chloride reaction. 

Methyl O-Dimethylevernate—A mixture of evernic acid (1 g.), 
silver oxide (2 g.), methyl iodide (2 c.c.), and acetone (25 c.c.) was 
refluxed until a sample did not give a ferric chloride reaction (1 
hour). After the removal of the silver salts by filtration (wash 
with acetone) the solvent was removed in a vacuum and the residual 
solid was crystallised from methyl alcohol. Methyl O-dimethyl- 
evernate formed aggregates of elongated flat prisms, m. p. 148° 
(compare Fischer, loc. cit.). 

Ethyl O-Diethylevernate (III)—(A) The ethylation of everniec 
acid (10 g.) in boiling acetone (100 c.c.) with ethyl iodide (15 c.c.) 
and silver oxide (15 g.) was complete in 1 hour. After isolation, 
the product crystallised from alcohol in tiny, well-formed, rectangular 
prisms (10-5 g.), m. p. 123° (Found: C, 66-1; H, 6-7. C,,H,,0, 
requires C, 66-3; H, 6-8%). This substance is readily soluble in 
cold acetone, benzene or ethyl acetate and insoluble in aqueous 
sodium hydroxide. It does not give a ferric chloride reaction. 

(B) An excess of diazoethane (prepared from nitrosoethylurethane, 
14 c.c.) in ether (170 c.c.) was added to a suspension of evernic acid 
(1-5 g.) in the same solvent; a brisk evolution of nitrogen followed 
and the solid quickly dissolved. Next day the ether and excess 
of diazoethane were removed in a vacuum, and a solution of the 
residue in boiling alcohol (30 c.c.) was filtered from a small amount 
of insoluble material. On cooling, small rectangular prisms (0-9 g.) 
of ethyl O-diethylevernate separated, m. p. and mixed m. p. 123°. 

Hydrolysis of Ethyl O-Diethylevernate—A suspension of the 
foregoing ester (5 g.) in 2.5% alcoholic potassium hydroxide (100 
¢.c.) was maintained at 40—50° with frequent shaking. The solid 
gradually dissolved and after 8 hours the solution was diluted 
with water (500 c.c.) and the resulting turbid mixture was cleared 
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by means of charcoal and acidified with hydrochloric acid. Next 
day the semi-solid product was extracted with warm saturated 
aqueous sodium bicarbonate (100 c.c. at 50°), and on acidification 
the extract gave Q-ethyleverninie acid, which crystallised from 
ethyl acetate—ligroin in pointed prisms (1-6 g.), m. p. and mixed 
m. p. 87°, and was identical with a synthetical specimen (Found : 
C, 62:9; H, 7-0%). The residue which was insoluble in sodium 
bicarbonate solution consisted of almost pure ethyl 1-O-ethylorsel- 
linate. It crystallised from light petroleum in tufts of long slender 
prisms (2-1 g.), m. p. and mixed m. p. 89° (Found: C, 644; H, 
7:3%). 

Ethyl O-diethylevernate was unaffected by treatment with 
methyl-alcoholic ammonia during 24 hours. 

O-Acetyleverninoyl Chloride (X)—Phosphorus pentachloride (11 
g.) was gradually added to a solution of acetyleverninic acid (10 g.) 
in chloroform (65 c.c.). . After the evolution of hydrogen chloride 
had almost ceased the mixture was kept at 50° for 5 minutes and 
the chloroform and phosphorus oxychloride were distilled in a 
vacuum at 45—50°. To remove the last traces of phosphorus 
oxychloride the residue was dissolved in dry chloroform (100 ¢,c,), 
and the solution evaporated in a vacuum; repetition of this pro- 
cedure finally left a pale yellow syrup which gradually solidified. 
To a solution of the crude solid in chloroform (20 c.c.), light petroleum 
was added until a faint turbidity appeared ; the chloride then slowly 
separated in elusters of colourless prisms, m. p. 68° (Found: Cl, 
14-8. C,,H,,0,Cl requires Cl, 14.6%). This compound is readily 
soluble in acetone, benzene or carbon tetrachloride and decomposes 
in moist air with the formation of acetyleverninic acid. 

The acid chloride (2 g.) was mixed with well-cooled aniline (4 ¢.c.) 
and after 12 hours the excess of the base was removed with 10% 
acetic acid (50 c.c.).. An ethereal solution of the oily product was 
washed with aqueous sodium bicarbonate to remove acetyleverninic 
acid, dried, and concentrated.’ The solid which separated gave a 
marked ferric chloride reaction.and appeared to be a mixture of 
everninanilide and its acetate. On treatment with 4°% aqueous 
sodium hydroxide (agitate) it quickly dissolved and after 10 minutes 
the solution was filtered from a trace of insoluble material and 
acidified. Everninanilide thus precipitated crystallised from 60% 
acetone in colourless plates (0-4 g.), m..p. 178° (Found: C, 69-8; 
H, 5-9. Cale. for C,;H,,0,N: C,.70-0; H, 59%) (Asahina and 
Ihara, Ber., 1929, 62,1197, describe. this substance as a reddish- 
coloured crystalline powder, m. p. 175°). With alcoholic ferric 
chloride the compound gives an intense reddish-brown coloration. 
Methyl Orsellinate.—A solution of dicarbomethoxyorsellinic acid 
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(7 g.) and methyl iodide (6 c.c.) in acetone (100 c.c.) was refluxed 
with silver oxide (5 g.) for 1 hour. After filtration from silver 
salts the acetone was evaporated and a solution of the residue in 
10% methyl-alcoholic potassium hydroxide (55 c.c.) was kept at 
room temperature for $ hour, diluted with water (100 c.c.), and 
acidified with hydrochloric acid. The ester was collected, washed 
with water, and crystallised from dilute methyl alcohol, forming 
long slender prisms, m. p. 142°. 

Methyl O-Acetylevernate (XII).—A mixture of O-acetyleverninoyl 
chloride (2 g.), methyl orsellinate (0-75 g.), and pyridine (5 c.c.) 
was kept at room temperature for 3 days and poured into 6% acetic 
acid (100 c.c.). The mixture was thrice extracted with ether and 
the combined extracts were washed with water and then with 
aqueous sodium bicarbonate to remove acetyleverninic acid. After 
the removal of the ether, the residue was dissolved in warm methyl 
alcohol, and water added until a faint turbidity appeared. In the 
course of several days the acetate of methyl evernate separated in 
tufts of slender prisms (0-75 g.), m. p. 119° after repeated crystal- 
lisation from 80% methy] alcohol (Found : C, 61-8; H, 5-2. C. 9H,,0, 
requires C, 61-8; H, 5-2%). The compound is easily soluble in 
acetone, ethyl acetate or benzene. With alcoholic ferric chloride 
it gives a light brown coloration which fades on dilution with water. 

Methyl Evernate—(A) An ethereal solution of diazomethane 
(prepared from nitrosomethylurethane, 10 c.c.) was gradually 
added to a suspension of an excess of powdered evernic acid (10 g.) 
in ether (100 c.c.). After the evolution of nitrogen had ceased, 
the solvent was removed in a vacuum and the residue agitated 
with aqueous sodium bicarbonate to convert the unchanged acid 
into the sparingly soluble sodium salt. Extraction of the mixture 
with hot water left the ester, which crystallised from warm acetone 
in short thick prisms (5 g.), m. p. 148° (Found: C, 62-4; H, 5-2. 
C,,H,,0, requires C, 62-4; H, 5-2%). The compound is moderately 
easily soluble in benzene or ethyl acetate and sparingly soluble 
in hot ligroin. In alcohol the ferric chloride reaction is red with 
a tinge of purple and changes to an intense reddish-brown on 
dilution with water. This ester was also prepared in poor yield 
by the refluxing of a mixture of potassium evernate, methyl iodide 
and acetone and by warming a suspension of silver evernate in a 
mixture of benzene and methyl iodide. 

(B) A solution of the synthetic monoacetate (1 g.) in 4% aqueous 
sodium hydroxide (10 c.c.) was kept at room temperature for 20 
minutes and then acidified with dilute hydrochloric acid. The 
precipitate of methyl evernate (0-8 g.) was collected, washed with 
water to remove mineral acid, and dissolved in warm methy] alcohol. 
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On cooling, the ester separated in colourless prisms, m. p. 148° 
alone, or mixed with a specimen prepared from the natural acid 
(Found: C, 62-3; H, 5-3%). The properties of the synthetic 
compound were identical with those of the natural derivative. 

Ethyl Evernate-——The preparation of the ethyl ester from evernic 
acid by means of diazoethane and its subsequent purification 
were effected by the procedure described for the preparation of 
the methyl ester. Crystallised from ethyl alcohol, it formed colour- 
less tiny prisms, m. p. 152° (Found: C, 63-5; H, 5-7. C,)H.,.0, 
requires C, 63-3; H, 5:-7%). The compound separates from warm 
90% acetone in tufts of needles which in the course of an hour 
change into short colourless prisms. With alcoholic ferric chloride 
this ester gives a reddish-purple coloration which changes to pale 
brown on dilution with water. 

Hydrolysis of Methyl Evernate.—A solution of the ester (1 g.) 
in a mixture of methyl] alcohol (5 c.c.), water (15 c.c.), and potassium 
hydroxide (0-8 g.) was maintained at 45° for 3 hours, cooled, diluted 
with water (20 c.c.), and saturated with carbon dioxide. The 
methyl everninate (sparassol) (0-45 g.) thus precipitated was purified 
by crystallisation from dilute methyl alcohol, forming needles, 
m. p. and mixed m. p. 67°. Acidification of the aqueous filtrate 
left after the removal of the methyl everninate gave a mixture of 
acids (0-15 g.), m. p. 160° (decomp.). Hydrolysis of the ester 
(5 g.) by means of 4% aqueous potassium hydroxide (100 c.c.) at 
room temperature for 12 hours gave rise to methyl orsellinate 
(1-5 g.), m. p. 142°, and a mixture of orsellinic and everninic acids 


(2-8 g.). | 
The authors are indebted to the Chemical Society for grants in 
aid of this investigation. 


LonDON ScHOOL OF HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. . [Received, February 27th, 1932.] 





183. Reactions of Nitrosophenols. Part I. Diazo- 
methane as an Agent for detecting Nitrosophenolic 
Structure. 

By Hersert Henry Hopeson. 


Picric acid has previously been used successfully as a means of 
discriminating between the nitroso- and the quinoneoxime forms of 
nitrosophenols, the former exhibiting basic (J., 1931, 1495), and the 
latter acidic (ibid., p. 2227), characteristics. The suitability of, 
diazomethane for the same purpose has now been investigated. 
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The interaction of diazomethane with nitrosobenzene (von 
Pechmann, Ber., 1897, 30, 2461) and with p-nitrosophenol (von 
Pechmann and Seel, Ber., 1898, 31, 296) has been re-examined. In 
addition to the formation of glyoxime NN’-di-4-hydroxypheny] 
ether reported by von Pechmann and Seel, considerable methyl- 
ation of the hydroxyl groups has been observed ; in fact, from diazo- 
methane and 2-chloro-4-nitrosophenol in ether, only a trace of 
hydroxy-compound was isolated, the main products being glyoxime 
NN’-di-3-chloro-4-methoxyphenyl ether and 2-chlorobenzoquinone- 
4-oxime methy] ether in approximately equal amounts. In methyl- 
alcoholic solution, however, these two nitrosophenols reacted mainly 
in the quinoneoxime forms, and from 2-chloro-4-nitrosophenol, in 
which isomerisation to the nitroso-form is retarded by chelation 
between hydroxyl and chlorine, a large yield of 2-chlorobenzo- 
quinone-4-oxime methyl ether was obtained together with a small 
amount of glyoxime NN’'-di-3-chloro-4-hydroxyphenyl ether, but 
no methoxy-derivative was isolated. 

No glyoxime diphenyl ether could be isolated when 3-chloro- 
benzoquinone-4-oxime was treated with diazomethane, the product 
consisting almost entirely of 3-chlorobenzoquinone-4-oxime methyl 
ether. It seems, therefore, that any nitrosophenol which gives a 
glyoxime diphenyl ether on treatment with diazomethane must 
exist, at any rate in part, in the nitroso-form. 

Since isomerisation takes place readily in reacting nitrosophenols, 
the fact that a large percentage yield of glyoxime N N’-di-4-hydroxy- 
and -4-methoxyphenyl ether is obtained from p-nitrosophenol 
indicates that this compound exists mainly in the nitroso-form, 
in accordance with its low melting point (compare J., 1925, 127, 
2260; 1929, 1555). 

The glyoxime NN’-di-hydroxy- and -methoxy-pheny] ethers give 
brilliant colours with concentrated sulphuric acid, whereas glyoxime 
NN’-diphenyl ether itself gives a yellow colour. The methoxy- 
compounds are precipitated unchanged from such solutions by water, 
and the scheme (I) is suggested to explain the property : 


* H<Cl 
= @ H oe Cs 
M ce: | = +[M =o. yay CH: a H-O= Nl 
| - \_ FZ d ao O ‘ oar a b 
Oe, He 
HSO, 2 HSO, 8 
(I.) ° @ ~ (IL) 


The following colours, in the order of increasing blueness, are 
given by the respective substituted glyoxime N.NV'-dipheny] ethers : 
3-chloro-4-hydroxy- (orange-scarlet); 4-hydroxy- (magenta), 
chloro-4-methoxy- (red-violet), 4-methoxy- (blue-violet), 3-chloro- 
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4-methoxy- (blue). The marked difference in the colours given by 
the first and the last member of the series may be due to chelation 
(II) in the former ether. Chlorine in the ortho-position to the 
nitrogen (III) definitely exerts a hypsochromic effect, i.e., its negative 
general (-J—D) effect (Allan, Oxford, Robinson, and Smith, J., 1926, 
401; Ingold and Shaw, ibid., p. 2918; Ingold and Vass, J., 1928, 
417), whereas chlorine in the ortho-position to the oxonium oxygen 
(IV) produces the opposite (bathochromic) effect, thereby indicating 
that the electropositively charged oxygen is compelling the chlorine 
atom to exert its positive alternating effect (+ 7’). 


Cl 
Hn ARE iy is. da 
(IIL.) Me-O=¢ ei Me-0-—<* > a (IV.) 
® waa ! ® ee t 
cn MM i O Re 
HSO, : HSO, : 
8 ~] 


ExPERIMENTAL. 


An ethereal solution of diazomethane was added to the nitroso- 
phenol, dissolved or suspended in ether or methyl alcohol. 

p-Nitrosophenol.—A vigorous reaction occurred in ether. The 
brownish-red precipitate formed was removed and treated with 
warm aqueous sodium hydroxide; the greater part dissolved, and 
the deep red solution on acidification yielded glyoxime N.N’-di-4- 
hydroxyphenyl ether, decomp. 250° (Found: N, 10-5. Calc.: N, 
10-3). The alkali-insoluble residue of glyoxime NN’-di-4-methoxy- 
phenyl ether was very sparingly soluble in methy] alcohol and crystal- 
lised in brilliant yellow, rectangular plates, m. p. 204° (decomp.) 
(Found: N, 9-5. C,.H,,0,N,. requires N, 9-3%). The ethereal 
filtrate gave benzoquinone-4-oxime methyl ether when steam- 
distilled. 

p-Nitrosoanisole—An almost theoretical yield of the above 
methoxyphenyl ether was obtained, m. p. and mixed m. p. 204° 
(decomp.) (Found : N, 9-4%). 

2-Chloro-4-nitrosophenol.—The reaction was vigorous in ether, and 
only a very small amount of the reddish-orange precipitate was 
soluble in aqueous sodium hydroxide; the residue of glyoxime NN’- 
di-3-chloro-4-methoxyphenyl ether was very sparingly soluble in the 
ordinary solvents, from which it crystallised in deep yellow, rect- 
angular plates, m. p. 223° (decomp.) (Found: N, 7-6; Cl, 19-0. 
CigH,,0,N,Cl, requires N, 7-6; Cl, 19-2%). 

Ethereal diazomethane and methyl-alcoholic 2-chloro-4-nitroso- 
phenol gave scarcely any precipitate; after addition of benzene, the 
mixture was shaken with aqueous sodium hydroxide. The ether- 
ZZ 
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alcohol-benzene layer gave a large yield of 2-chlorobenzoquinone-4- 
oxime methyl ether on steam-distillation, and the aqueous alkaline 
solution afforded a small amount of glyoxime NN’-di-3-chloro-4-. 
hydroxyphenyl ether, which crystallised from methyl alcohol in red- 
brown micro-needles, m. p. 175° (decomp.) (Found: N, 8-4; Cl, 
20-7. C,4H0,N,Cl, requires N, 8-2; Cl, 20-8%). 

2-Chloro-4-nitrosoanisole.—An almost theoretical yield of glyoxime 
NN’-di-3-chloro-4-methoxypheny] ether was obtained. 

3-Chloro-4-nitrosoanisole.—Glyoxime NN’-di-2-chloro-4-methory- 
phenyl ether, obtained in almost theoretical yield, crystallised from 
the ordinary solvents, in which it was sparingly soluble, in long, 
bright yellow needles, m. p. 182° (decomp.) (Found: N, 7-8; Cl, 
19-0. C,,H,,0,N,Cl, requires N, 7-6; Cl, 19-2%). 

3-Chloro-4-nitrosophenol.—The reaction in ether gave no trace of 
precipitate. After extraction with aqueous sodium hydroxide, the 
ethereal solution afforded only a poor yield of 3-chlorobenzoquinone- 
4-oxime methyl ether on steam-distillation. The alkaline extract 
when acidified, gave a mixture, m. p. about 100°, which could not 
be separated into its constituents. A similar mixture, containing a 
little unmethylated 3-chlorobenzoquinone-4-oxime, was obtained 
when the reaction was carried out in methyl alcohol. 


The author desires to thank Mr. J. H. Crook for assistance in the 
work, and Imperial Chemical Industries Ltd. for various gifts. 
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184. Fortuitous Empirical Relationships in Chemical 
Kinetics. 


By Davin Tuomas Lewis and Lawson Jonn HUDDLESTON. 


THE equation of Arrhenius for the variation of the velocity constant 
of a reaction with temperature is k = Be~”’“7, which may be written 


log-k =log, B— E/RT . » « ss (I) 


Many investigators have attempted to find an empirical relation- 
ship between £ and log B, but it is not generally recognised how far 
the data are automatically selected to meet the needs of convenience. 
For example, Holzschmidt (Z. anorg. Chem., 1931, 200, 82), for 
bimolecular reactions in solution, proposed the formula log B= 
log K+E/C,-where C and K are constants, the latter perhaps being 
specific to the solvent. In support of this suggestion, he quotes 48 
cases and shows that the plot of log B against Z is, very roughly, 
linear, the points all lying on a broad, straight band. 
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From the nature of the solvents employed, it is clear that all the 
measurements were made somewhere in the neighbourhood of 300° K. 
All but six of the velocity constants at this temperature lie within 
the range log, k = —3-0 to —8-0. Itis incredible that all bimolecular 
reactions in solution should inherently have constants lying within 
this range, but readily understandable that only those which have 
proceed at such a rate as to be measurable at, or near, this tem- 
perature. The equation is, in fact, nothing but a rearrangement of 
(1), with the condition that 7’ and log k are approximately constant 
unconsciously imposed upon it by experimental convenience. The 
constancy of 7' is the more important, since in the majority of cases 
E/600 is above 20, thus making this far the more decisive term of the 
expression. 


TaBLeE I. 
Reaction. EZ. ae. Tae log. km. E/T, log. B. 
Gaseous reactions. 
SE? cacussbdcunceutedseties 68,500 34-95 800° —7-87 2-45 
Propaldehyde?  ............43. 54,000 27-93 773 —T7-00 2-50 
Diethyl ether? .,............. 53,000 26-47 773. —7-82 2-59 
Dimethyl ether * ............... 58,500 30-36 773 —7-48 2-50 
Phosphime © 00... idecccddbe ett 75,000 384-24 900 —7:43 2-43 
Propylamine ® ..,.,2....eseesess 44,000 21-97 773. —6-49 2-58 
EE Ds sitet asbidncadiaiena uniendawe 43,700 33-21 491 —11-29 2-68 
Azomethane ® .«..............00+ 51,200 36-73 573. —7-95 2-43 
Azoisopropane ® ...........6644. 40,900 31-36 5673. —4-33 2-28 
Nitric anhydride ® ............ 24,700 31-45 318 —7-39 2-47 
Carbonyl chloride ” ......... 52,540 34-83 655 —5-78 2-31 
Reactions in solution. 
Fluosilicate 2. ............c00e0s 19,120 29-8 298° —2-27 2-15 
Chloroamylamine  ......... 20,800 30:09 298 —4-81 2-32 
Acetonedicarboxylic acid 1% 23,100 32-00 313 —4-90 2-31 
(Co(NH,),C1]+ + * .........00. 22,134 31:33 298 —5-81 2-37 
Jt & | ses 21,780 29:09 298 —7-47 2-51 
(Cr en Cle]*+ ** .......cesceseoees 20,850 29-26 298 —5-73 2-39 
Bromoethylamine ** ......... 25-158 38:77 289 —4-76 2-25 


References.—! Hinshelwood and Hutchinson, Proc. Roy. Soc., 1926, 111, A, 
245. *® Hinshelwood and Thompson, ibid., 1926, 113, A, 221. * Hinshelwood, 
ibid.,”1927, 114, A, 84. * Hinshelwood and Askey, ibid., 1927, 115, A, 215. 
5 Trautz and Bandharker, Z. anorg. Chem., 1919, 106, 45. * Taylor and 
Achilles, J. Physical Chem., 1931, 35, 2660. 7 D. F. Smith; J. Amer. Chem. 
Soc., 1927, 49, 43. * Ramsperger, ibid., pp. 849, 912, 1495. * Daniels and 
Johnson, ébid., 1921, 48, 53. Christiansen, Z. physikal. Chem., 1923, 108, 
99. 41 Hudleston and Bassett, J., 1921, 119, .405. ™ “ International 
Critical Tables,” Vol. III, p. 126. 4 Wiig, J. Physical Chem., 1930, 34, 597. 
144 Lamb and Marden, J. Amer. Chem. Soc., 1911, 38, 1873. 45 Freundlich 
and Bartels, Z. physikal. Chem., 1922, 101, 177. 4° Freundlich and Pape, 
ibid., 1914, 86, 458. 


Even when we consider data measured at widely different tem- 
peratures (so that at any one temperature log k varies greatly), we 
are still subject to the influence that log k at the temperature of 
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measurement must lie within a comparatively narrow range. This 
ig well borne out by Table I. By again re-arranging the Arrhenius 
equation we obtain 


E/T log, B = R(1—logk/logB) . . . (2) 


In the table we have taken for 7', 7, the mean temperature at which 
the measurements were made in each case, k,, being the corresponding 
velocity constant, and it will be seen that the quotient does not vary 
more than 10°, about the mean value. Such an equation, con- 
taining as it does the purely arbitrary term T7',,, cannot possibly 
have any real theoretical significance, though “ empirically ” its 
success is striking. This, of course, is only because data are 
“selected ” by experimental convenience to give nearly constant 
values of log k,,, together with the fact that these values are small 
compared with log B, so that the factor (1—log k/log B) is never far 
from unity. 

This arbitrary relation bears a suspiciously close resemblance to 
the formula put forward for unimolecular reactions by Syrkin (Z. 
anorg. Chem., 1931, 199, 28), viz., log B=E/C, where C varies accord- 
ing to the type of reaction concerned, and, in fact, on the figures put 
forward, in a manner such that C is roughly proportional to 7',,. It 
is true that in the earlier part of his paper Syrkin suggests an inde- 
pendent method of calculating C, but it is not shown whether this 
method was employed to determine the values given or whether they 
were simply chosen to suit the velocity measurements. 

We conclude that the artificial selection imposed by experimental 
convenience entirely vitiates any attempt to make theoretical 
deductions from any “ empirical ” regularities of this nature which 
may be observed. 


THE Epwarp Davies LABORATORIES, UNIVERSITY COLLEGE, 
ABERYSTWYTH. [ Received, March 15th, 1932.] 





185. Studies in Solvent Action. Part III. Rotatory 
Powers of \-Menthyl Methyl Naphthalate in 
Mixtures of Alcohols with Benzene or Hexane. 


By Harotp Gorpon Rue and ANDREW McLEAN. 


IN a previous communication (J., 1931, 674) it was shown that the 
rotatory power of /-menthyl methy! naphthalate in solvents derived 
from the same parent hydrocarbon is dependent upon the polarity 
and disposition of the substituent groups in the solvent molecule. 
For monosubstituted derivatives the rotatory power varies with the 
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dipole moment, and in general, the higher the polarity of the medium 
the lower is the observed rotation. 

Further confirmation of a definite relationship between rotatory 
power and the polar properties of the solvent was gained by utilising 
the polarisation-dissociation diagrams deduced by Debye (‘‘ Polare 
Molekeln,”’ p. 48) for an associated polar liquid on dilution with 
benzene or hexane. By a simple calculation, Debye eliminates the 
contribution due to the non-polar liquid present and is able to follow 
diagrammatically the change in the polarisation of the polar com- 
pound as it becomes progressively dissociated: In a similar manner 
the rotatory powers of /-menthyl methyl naphthalate as determined 
in mixtures of polar and non-polar liquids were corrected for the 
rotation contributed by the non-polar component. For mixtures 
containing nitrobenzene or ether, it was found that the rotation- 
dissociation diagrams thus deduced (representing the change in 
rotation as the polar solvent became progressively dissociated) 
closely resembled those quoted by Debye for the corresponding 
variation in polarisation. Here also an increase in polarisation was 
accompanied by a fall in rotatory power, and the form of the 
polarisation curve proved to be the inverse of that obtained for the 
optical rotation. 

With ethyl alcoholic mixtures the agreement was less exact. The 
polarisation diagram for alcohol is irregular and for benzene solutions 
rises to a maximum at a point representing about 0-3 mol.-fraction of 
alcohol. The deduced rotation curve appeared to give a corre- 
sponding minimum somewhat below 0-1 mol.-fraction, but, owing to 
the errors involved in the calculation at such low concentrations, the 
result was regarded as inconclusive. 

For different alcohols, however, the polarisation—dissociation 
curves vary within wide limits, and it was considered of interest 
to extend the comparison to some of the higher homologues, the 
polar irregularities of which are so characteristic as to offer excep- 
tional facilities for comparison with the optical changes, 

The experimental figures obtained for ethyl alcohol, n-propyl, 
n- and iso-butyl alcohols, and iso- and tert.-amyl alcohols are sum- 
marised in Figs. 1—7. Polarisation curves indicated by broken 
lines are taken from Debye (op. cit.) (1) or from Lange (Z. Physik, 
1925, 33, 174) (2—6). Rotatory powers are represented by con- 
tinuous lines, the values being calculated by a simple modification 
of Debye’s method, as described in Part I of this series (J., 1931, 
682). In Fig. 1 the concentration of alcohol in the solvent mixture 
is expressed in mol.-fractions, but in the remaining figures it is given 
in normalities, since the data in Lange’s paper are insufficient to 
allow of conversion into mol. fractions. 
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Correlation of Rotatory Power with the Polarisation of the Hydroxylic 
Component.—An examination of the polarisation (broken) curves 
illustrates the manner in which these vary with the molecular 
structure of the alcohol. Ethyl, propyl, and the n- and iso-butyl 
alcohols on dilution with benzene give diagrams each containing a 
single well-defined maximum, the position of which is displaced 
towards a higher concentration with rise in molecular weight. In 
isoamyl alcohol the original maximum undergoes a further displace- 
ment, whilst a second one appears at a low concentration. ftert.- 
Amy] alcohol, on the other hand, gives a polarisation diagram which 
approximates to a straight line. 

As indicated by the continuous-line graphs, these changes are 
reflected in the variations in the rotatory power of /-menthyl methy] 
naphthalate when dissolved in the corresponding benzene—alcohol 


Fig, 1. 
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Ethyl alcohol in benzene. 


mixtures and corrected for the rotation due to the benzene present: 
a@ maximum in the polarisation of the alcohol corresponds to a 
minimum in rotatory power. This agrees with the relationship 
already established in connexion with mono-substituted hydrocarbon 
solvents, where an increase in polarity leads to a diminished rotation. 

In the case of n- and iso-butyl alcohols the maxima and minima 
respectively occur at the same concentrations. For propyl! alcohol, 
however, the minimum in rotatory power apparently corresponds to 
a somewhat higher concentration of aleohol (NW = 6) than the 
polarisation maximum (N = 3-7). This displacement, coupled with 
the fact that the deduced optical deviations are small and’ un- 
expectedly localised, led to the determination of a number of new 
points on the original ethyl alcohol diagram (loc. cit., p. 684), which 
revealed the existence of a previously undetected minimum rotatory 
power in a mixture containing 0-46 mol.-fraction of alcohol (Fig. 1). 
Here also the rotation minimum is slightly displaced as compared 
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with the polarisation maximum, and in the same direction as for 
propy! alcohol. 
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Normality of alcohol in benzene. 





Among the alcohols under examination, perhaps the greatest 
interest attaches to the iso- and tert.-amyl compounds, which 
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differ strongly from the lower homologues in the variations undergone 
by the polarisation with change of concentration. It will be seen 
(Fig. 5) that the twin maxima in the polarisation diagram of the 
iso-alcohol are reflected in the corresponding depressions in the 
rotation diagram. As has alreaay been indicated, the course of the 
latter at low concentrations is somewhat uncertain, not only owing 
to the errors involved in the calculation, but also because in this 
region the concentration of the optically active solute may become 
a factor of importance. The calculations are based on the assump- 
tion that the alcohol is at all times evenly distributed throughout the 
mixture, but at low concentrations it may be assumed that a greatly 
increased proportion of the total number of alcohol molecules will 
tend to cluster around the molecules of ester, the latter component 
being present in every case in a uniform concentration of c = 2. 
The resulting increased dipole association between ester and alcohol 
would still further reduce the internal molecular field of the ester, 
and thus lead to a greater depression in rotatory power. Probably 
this is the cause of the gradual fall in all the rotation curves on 
approaching the left-hand axis, and prevents the realisation of a 
complete correlation with the polarisation diagram which would 
have been attained in examples 1—5 had the rotation risen in 
solutions having a low concentration of alcohol. 

The agreement is equally good with mixtures of benzene and tert.- 
amy] alcohol, for which both polarisation and rotation curves flatten 
out into an approximation to horizontal lines, with no sign of 
maxima or minima (Fig. 6). In this case the polarisation is excep- 
tional in tending towards a higher value at low concentrations, thus 
emphasising the normal downward trend of the rotation diagram and 
leading to a sudden fall in the latter at about N = 2. 

The polarisation maxima under consideration are explained by 
Debye on the assumption that, as the concentration increases, the 
individual alcohol molecules undergo dipole association to form in 
the first instance agglomerates having a higher polarisation. At 
still higher concentrations these rearrange themselves to give more 
complex agglomerates of a lower polarisation value. On this basis, 
the progressive flattening of the characteristic minima obtained for 
the normal alcohols with rise in molecular weight and their displace- 
ment towards higher concentrations are readily understood, since an 
increase in the length of the alky] chain will tend to screen the hydr- 
oxyl dipole and so diminish and delay the process of association. 
The progressive changes in the rotatory power of the ester when 
dissolved in alcohol—benzene mixtures are illustrated in Figs. 1—6, 
and appear still more clearly.in Fig. 7, which shows the deduced 
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rotation-dissociation curves for the ester in mixtures of alcohol and 
hexane. With hexane as diluent the curves are steeper and the 
maxima sharper than when benzene is employed. 

In a similar manner the depression in the rotatory power of 
l-menthyl methyl naphthalate when dissolved in alkyl or aryl 
derivatives containing a given polar substituent becomes less pro- 
nounced as the molecular weight of the hydrocarbon radical rises 
(see Part I, p. 678). 

tert.-Amyl alcohol presents a case of special interest in which 
the molecular structure is such that the hydroxy] group is largely 
enveloped and screened by the three alkyl groups united to the 
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Rotatory power in mixtures of alcohols with hexane. 


tertiary carbon atom. Although this does not appreciably affect 
the value of the dipole moment, it will diminish molecular associ- 
ation by hindering the approach of neighbouring hydroxyls, thus 
accounting for the regular nature of the polarisation changes. 
Similarly the steric hindrance offered to association between alcohol 
and ester results in this aleohol behaving more like a pure hydro- 
carbon, yielding a solution of high rotation. 

Influences of the same nature are revealed in the molecular 
rotations of the ester when dissolved in the homogeneous alcohols, as 
summarised in the following table. Among the isomeric butyl and 
amyl alcohols, the rotatory powers are lowest for the normal and 
highest for the tertiary compounds, the values in the latter case 


lying between those found for benzene (— 543°) and hexane (— 651°) 
zZZ2 
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respectively. Here also the differences may be supposed to arisé 
from the greater capacity of the normal alcohols to become associated 
with the ester, leading to a diminished internal field in the latter and 
a reduction in rotatory power. 


Rotatory Powers of \1-Menthyl Methyl Naphthalate in Homogeneous 
Alcohols (t = 20°, c = 4). 


Solvent. [M] sae1- Solvent. [31] se61- 
MeOH —383° tert.-BuOH* —546° 
EtOH 439 n-AmOH 536 
n-PrOH 499 iso-AmOH 542 
n-BuOH 502 tert.-AmOH 568 
iso-BuOH 517 


* In this case c = 1-5 and ¢ = 30°. {tert.-Butyl alcohol is a solid at the 
ordinary temperature. 


EXPERIMENTAL. 


Purification of Solvents.—Propyl alcohol. The purest available 
alcohol (B.D.H.) was found to boil over a considerable range. It 
was refluxed over calcium filings, and a main fraction collected at 
96-5—96-7°/750 mm. J/-Menthyl methyl naphthalate gave the same 
rotation in this as in another sample which had been dried over 
sodium sulphate. 

The following alcohols, after preliminary drying and fractionation, 
were dried for an extended period over sodium sulphate and again 
fractionated : 

n-Butyl, b. p. 117-6—117-8°; isobutyl, b. p. 107-8—108-2°; 
tert.-butyl, b. p. 82-6°, m. p. 24-8°; m-amyl, b. p. 137—137-2°; 
isoamyl, b. p. 130-8—131°; tert.-amyl, b. p. 102-5—102-6°. 

For other solvents and the preparation of /-menthyl methyl 
naphthalate, see Part I (loc. cit.). 

Rotatory Powers of the Ester in Mixtures of Solvents (1= 2, 

= 20°).—In the following tables, f, = mol.-fraction of polar com- 
ponent in solvent mixture, c = g. of ester in 100 c.c. of solution; 
[M,, .] = molecular rotation in mixture (experimental) for Ag4¢,; 
[M,] = molecular rotation in alcoholic component (calculated) for 
Asag1; 4V = concentration of polar solvent (mols. /I.). 


I. Benzene and Ethyl Alcohol. 


Ss. c. @sae1- [M0, 2]. [M,). S- c. seex- [M,, 9]. [My]. 
1-514 —3-59° —437°  ~—437° 0-506 2-004 —5-29° —486° —430° 
2004 496 456 446 0-454 2-000 5-33 490 427 
‘008 56-14 471 449 0-427 1-998 5-37 495 433 
008 5-26 482 443 0-397 2-006 5-46 501 443 


For other values see J., 1931, 689. 
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II. Benzene and n-Propyl Alcohol. 


Ie c. a [M,, el. [M,]. N. 
1-000 2-004 —§-43° — 499° —499° 13-40 
0-830 2-000 5-44 500 491 10-57 
0-644 2-010 5-47 501 476 7-96 
0-546 2-000 5-45 501 464 6-62 
0-495 2-000 5-47 503 459 5-96 
0-472 2-006 5-54 508 466 5-64 
0-444 2-002 5-57 §12 469 §-29 
0-391 2-000 5-58 513 466 4-61 
0-339 2-000 5-58 513 449 3-98 
0-285 2-000 5-60 515 439 3°31 
0-230 2-000 5-63 518 420 2-65 
0-178 2-000 5-63 518 393 2-03 
0-119 1-998 5-71 §26 365 1-34 
0-062 2-004 5:77 530 331 0-69 
0-000 2-018 5-96 543 ah 0-00 

III. Hexane and n-Propyl Alcohol. 
1-000 2-004 —§-43° —499° —499° 13-40 
0-875 1-498 4°24 521 502 10-58 
0-801 1-496 4-31 530 503 9-26 
0-723 1-504 4°45 544 505 7-95 
0-633 1-508 4°53 553 501 6-60 
0-532 1-506 4-58 560 491 5-28 
0-426 1-500 4-67 573 473 3-98 
0-302 1-494 4-71 580 424 2-66 
0-235 1-494 4-71 580 359 2-01 
0-199 1-496 4°79 589 347 1-68 
0-164 1-500 4-94 606 390 1-36 
0-127 1-506 4°95 605 299 1-03 
0-086 1-498 4-95 608 233 0-69 
0-047 1-500 5-08 623 150 0°37 
0-000 1-950 6-89 651 — 0-00 
IV. Benzene and n-Butyl Alcohol. 
1-000 2-004 —5-47° — 502° — 502° (10-95) 
0-791 2-004 5-50 505 493 8-30 
0-685 2-000 5-50 506 486 7-44 
0-587 2-004 5-48 503 477 6-39 
0-495 2-000 5-50 506 465 §-39 
0-440 2-008 5-50 504 455 4-79 
0-391 2-004 5-50 505 445 4:28 
0-342 2-000 5-58 513 453 3-74 
0-290 2-000 5-66 521 466 3-19 
0-244 2-006 5-66 519 443 2-68 
0-195 2-000 5-63 518 413 2-17 
0-100 2-000 5-75 529 385 1-10 
0-000 2-018 5-96 543 ae 0-00 
V. Hexane and n-Butyl Alcohol. 
1-000 2-004 —5-47° —502° — 502° 10-95 
0-851 1-502 4°35 533 506 8-65 
0-765 1-502 4-40 539 504 7-57 
0-681 1-502 4°45 545 502 6-53 
0-585 1-496 4°53 557 491 5°43 
0-483 1-498 4°59 564 476 4°32 
0-375 1-504 4-66 570 435 3-24 
0-317 1-504 4°74 580 426 2-69 
0-264 1-508 4:86 593 439 2-20 
0-202 1-498 4-78 587 347 1-65 
0-139 1-506 4:90 599 269 1-11 
0-071 1-502 5-04 618 200 0-56 
0-000 1-950 6-89 651 —- 0-00 
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So 
1-000 
0-796 
0-594 
0-542 
0-493 
0-468 
0-443 
0-391 
0-291 
0-196 
0-100 
0-058 
0-051 
0-000 


1-000 
0-772 
0-665 
0-589 
0-524 
0-453 
0-355 
0-260 
0-173 
0-087 
0-043 
0-000 


1-000 
0-827 
0:734 
0-641 
0-543 
0-492 
0-441 
0-388 
0-337 
0-283 
0-230 
0-119 
0-042 
0-000 


1-000 
0-772 
0-561 
0-455 
0-356 
0-266 
0-173 
0-151 
0-129 
0-086 
0-044 
0-000 
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VI. Benzene and isoButyl Alcohol. 
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—5-62° 
5-49 
5-50 
5-51 
5-50 
5-52 
5-56 
5-58 
5-61 
5°65 
5-72 
5-74 
5-74 
5-96 


[M,, 2]. 


—517° 
505 
505 
505 
505 
506 
512 
510 
517 
519 
526 
528 
526 
543 


[M,]. 

—5§17° 
495 
476 
472 
463 
462 
473 
465 
445 
416 
390 
293 
235 


VII. Benzene and isoAmyl Alcohol. 


2-000 
1-994 
1-996 
1-998 
2-018 


—4-42° 
5-78 
5-71 
5-63 
5-65 
5°65 
5-70 
5-70 
5-71 
5-79 
5-83 
5-96 


— 542° 
530 
523 
518 
517 
520 
524 
524 
527 
534 
537 
543 


— 542° 
527 
514 
499 
494 
491 
487 
475 
457 
425 
419 


VIII. Hexane and isoAmyl Alcohol. 


1-500 
1-504 
1-494 
1-500 
1-498 
1-500 
1-500 
1-504 
1-496 
1-502 
1-500 
1-500 
1-498 
1-950 


—4-42° 
4-52 
4-57 
4-60 
4-64 
4-65 
4-78 
4-79 
4-82 
4°84 
4°84 
4-96 
5-09 
6-89 


— 542° 
553 
563 
564 
570 
570 
586 
586 
593 
593 
594 
608 
626 
651 


— 542° 
536 
529 
517 
499 
482 
501 
489 
469 
440 
404 
277 
71 


1X. Benzene and tert.-Amyl Alcohol. 
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— 568° 
563 
556 
553 
551 
548 
547 
544 
539 
541 
541 
543 


— 568° 
567 
567 
566 
567 
566 
561 
549 
528 
517 
523 


N. 


10°97 
8-53 
6-42 
5-89 
5-37 
5-10 
4°84 
4-28 
3°20 
2-16 
1-11 
0-64 
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186. Studies in Solvent Action. Part IV. Optical 
Rotation of \1-Menthyl Hydrogen Naphthalate in 
Polar and in Non-polar Solvents. 


By Harotp Gorpon RuLEe and ANDREW MCLEAN. 


1-MENTHYL hydrogen naphthalate, unlike its methyl ester, is a 
comparatively unstable substance, which develops an odour of 
menthol in the course of a few days owing to its tendency to revert to 
menthol and naphthalic anhydride (Rule and McLean, J., 1931, 
669). Under certain conditions it exhibits very high dextro- 
rotations, a feature which is so unusual amongst derivatives of /- . 
menthol that the optical properties have now been subjected to 
further investigation. A previous examination of the dispersion in 
benzene and acetonitrile solutions over the range 6708—4358 A.U. 
has shown it to be normal and slightly complex in these solvents. 

The rotatory powers of the acid ester were determined in the first 
instance in two series of solvents derived respectively from methane 
and benzene, a concentration of c = 4 being employed where possible. 
Observed rotatory powers are recorded in the following tables, the 
values being arranged in order of increasing positive rotations. The 
majority of the dipole moments yu of the solvents, which are included 
for the purpose of comparison, are taken from Debye’s “ Polare 
Molekeln.”’ 

As with the corresponding menthyl methyl derivative, the 
rotatory power of the acid ester tends to vary with the polarity of the 
solvent medium, although the polar influence is here in the opposite 
sense. Among the methane solvents, molecular rotations [M];4¢, 
approximating to 1000° in the dextro-direction are found in the 
relatively non-polar compounds carbon tetrachloride and carbon 
disulphide. At the other end of the series, negative rotations of a 
magnitude normally associated with aromatic esters of /-menthol 
are observed in the strongly polar liquids acetonitrile and acetalde- 
hyde. Unfortunately, the acid ester is too sparingly soluble in 
hexane and nitromethane, at the extremes of the polar scale, for the 
influence of these solvents to be determined at ordinary temperatures. 
The agreement between the rotatory powers and the dipole momen‘s 
of the aliphatic solvents is somewhat less complete than was found 
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Tasre I, 


Molecular Rotations of 1-Menthyl Hydrogen Naphthalate. 
(i) In Solvents of Methane Type. 


Solvent. C. 1. e [My p x 10%, 
CH,-OH 4-014 2 — 4-94° —218° 1-64 
CH,°CHO 2-008 2 — 2-43 —214 2-71 
CH,°CN 4-008 2 — 4-47 —198 3°05 
CH,CO,H 4-008 2 — 2-60 —115 (0-75, 1-4) 
C(NO,), 1-040 2 — 0-64 —109 0 
CHBr, 4-016 l + 3:23 +285 1-3 
CH,Cl, 4-020 2 + 8-46 +372 1-61 
CHCl, 4-022 2 + 9-50 +418 1-10 
CH,Br, 3-784 2 + 9-10 +426 1-89 
CH,I 3-992 2 + 14-85 + 658 1-66 
CS, 4-028 2 +21-01 +923 0 
CCl, 1-998 2 + 11-16 +989 0 

(ii) In Solvents of Benzene Type. 

C,H,-CHO 2-004 2 — 3-29° — 291° 2-75 
C,H,°CN 4-010 2 — 3-22 —142 3°85 
C,H,’NO, 2-000 2 + 1-09 + 96-6 3-89 
C,H,"OMe 4-012 1 + 2-83 +250 1-25 
o-C,H,Cl, 2-018 1 +. 2-80 +491 2-25 
C,H,Br 2-004 2 + 6-13 +541 1-50 
C,H,Cl 2-000 2 + 6-41 +568 1-52 
C,H,I 2-006 2 + 661 +583 1-50 
C,H, 4-014 2 + 16-32 +720 0 

C,H,;°CH, 4-000 2 +18-03 +798 0 


for l-menthyl methyl naphthalate, prominent exceptions being 
methy] alcohol, acetic acid and tetranitromethane. These abnormal- 
ities are discussed below in connexion with the benzene solvents. 
Several minor inversions also occur among the halogen derivatives. 
The acid naphthalate resembles the other compounds previously 
examined in that the relationship between the rotatory power of the 
solution and the polar character of the solvent appears to be exhibited 
more definitely among aromatic solvents than among those of ali- 
phatic type. This is clearly visible in the figures recorded in Table 
I (ii), which are on the whole in good agreement. Values of [M]g54¢, 
in aromatic solvents vary from +798° in toluene to —291° in benz- 
aldehyde, a maximum range which is somewhat smaller than that 
given by the corresponding series of methane derivatives. 
Mechanism of the Solvent Influence.—Earlier.examples of solvent 
influence of this nature have been explained on the assumption that 
polar solvents may enter into dipole association with the optically 
active solute, thus lowering the internal electrical field of the latter 
(Rule and McLean, J., 1931, 678, 686). In the cases of /-menthyl 
methyl naphthalate, octyl hydrogen phthalate, and octyl methyl 
phthalate (Rule and Hill, J., 1931, 2651), the introduction of the 
second polar substituent, CO,Me or CO,H, brings about an increase 
in rotatory power as compared with the unsubstituted naphthoate 
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or benzoate. When dissolved in a liquid such as benzene, a solute 
of this type will exist largely in the unimolecular condition, thus 
allowing the substituent to exert its maximum electrical influence on 
the molecule to which it is attached, and yielding a solution of high 
activity. Association with a polar solvent, however, will diminish 
the internal field due to the substituent group, and in the above esters 
the result will be a fall in rotatory power. 

l-Menthyl hydrogen naphthalate represents an example of a 
different character, in which the introduction of a carboxyl group 
into the parent ester /-menthyl naphthoate leads to a strongly 
diminished levorotation. This is readily seen on comparing the 
rotatory powers given in Table I with the extreme values of [J/],4,, 
previously found for the naphthoate in benzene (—325°) and 
acetonitrile (—249°) respectively (Rule and McLean, loc. cit., p. 686). 
Hence it follows that the influence of polar solvents upon the rotation 
of the acid naphthalate, leading to an increased displacement in a 
levo-sense, is in complete harmony with the explanation previously 
adopted. In acetonitrile solution, the high levo-activity of 
i-menthyl methyl naphthalate is reduced to —239°, and the high 
dextro-activity of J-menthyl hydrogen naphthalate is lowered, with 
change of sign, to —198°. These values approximate in order of 
magnitude to the figure given above (—249°) for the unsubstituted 
l-menthyl naphthoate when dissolved in the same solvent. 

Irregularities in Solvent Effect,—Several of the solvents listed in 
Table I exert an influence which is not. in agreement with their 
polar character, as determined by the value of their dipole moments. 
Among these, methyl] alcohol, acetic acid, and tetranitromethane are 
outstanding exceptions. Acetaldehyde and benzaldehyde also yield 
more highly active solutions than would be anticipated on the above 
basis. 

On several grounds, however, it is to be expected that the influence 
of solvents on the rotatory power of menthyl hydrogen naphthalate 
will be more irregular than in the case of the menthyl methy] ester. 
In the latter compound, the additional polar groups which are 
introduced into the active molecule during the conversion of menthol 
into menthyl naphthoate and thence into menthyl methyl naphthal- 
ate are each of such nature and orientation as to produce successive 
increments in the levorotatory power. Consequently, no matter 
which of these groups in the diester enters into dipole association 
with the solvent, the result will be a fall in levorotation. In the acid 
ester the normal tendency for the carbomenthoxy-group to exhibit 
a relatively high levorotation is largely masked by the powerful 
dextro-influence of the free carboxy] in close proximity to it. Thus 
the optical effects, whether originating directly from the substituent 
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groups in the solute molecule or from the secondary influences exerted 
upon them by a solvent, are no longer cumulative but operate in 
reyerse directions. In addition, the ease with which a given dipole 
in the active solute can be approached by the dipoles in the solvent 
molecules will depend upon a number of factors, such as dipole 
strength, the structure of the groups concerned, and the screening 
influence of other groups in their immediate neighbourhood. It 
therefore follows that this condition of affairs must give rise to less 
regular solvent influence. 

The very high positive rotation of the acid naphthalate is an 
abnormal feature which it is legitimate to seek to explain in terms of 
the molecular structure, and more especially of the relationship 
existing between the two peri-substituents. All the available 
evidence indicates that peri-substituents in the naphthalene molecule 
are in much closer proximity than the corresponding ortho-sub- 
stituents in a benzene nucleus (see also Rule, Spence, and Bretscher, 
J., 1929, 2519), so close, in fact, that the free movement of the 
groups may be inhibited (Mills and Elliott, J., 1928, 1291). It is not 
improbable, therefore, that the unusual optical properties of menthyl 
hydrogen naphthalate are due to the carboxyl group being present 
in a state of loose chemical combination with the adjoining ester 
radical. Similar compounds formed by union between an acid and an 
ester have been shown by Kendall and Booge (J. Amer. Chem. Soc., 
1916, 38, 1712) to exist in non-hydroxylic solvents. On the as- 
sumption that such combination is the cause of the high dextro- 
rotation, the diminished value resulting from the presence of a 
strongly polar solvent, which may break up the complex by entering 
into dipole association with the carboxy] group, is readily understood. 
Further, the dextrorotatory structure would be even more com. 
pletely disrupted by solvents such as alcohol, acetaldehyde, or 
benzaldehyde, which can enter into co-ordination with the carboxyl 
group, and by acetic acid, which may combine with it to form a 
definite molecular compound. All these solvents, as may be seen 
from Table I, yield solutions having a negative rotation out of all 
proportion to their dipole moments. | 

Another source of irregularity in the present instance arises from 
the varying basic properties of the solvents employed. By union 
with the carboxyl group of the acid, a basic compound will disrupt 
the assumed dextrorotatory complex and shift the rotatory power 
in the negative direction. An examination of the influence of the 
typically basic solvents aniline and dimethylaniline showed the 
molecular rotations [M],,,, in these liquids to be —306° and + 71° 
respectively. Both of these. compounds have dipole moments 
approximating to 1-4, and the above values therefore represent a 
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strong displacement as compared with the other benzene derivatives 
recorded in Table I (ii). A similar explanation accounts for the 
relatively high positions in the series occupied by benzonitrile and 
anisole, each of which possesses weak basic properties. Nitrobenz- 
ene, on the other hand, has little or no basic character. 

In view of the many contending influences at work, it is not 
possible to determine the part played in the above cases by the 
varying degree of ionisation of the acid in its effect upon the rotatory 
power. It is possible, however, that this factor may be traced in the 
data of Table II, which refer to the rotation of the acid ester in a 
number of aliphatic alcohols. Owing to its low solubility, the solute 
had to be used in a concentration of c = 2 or less. 


TABLE II. 
Rotatory Powers of \-Menthyl Hydrogen Naphthalate in Alcohols 
(t = 20°,1 = 1). 

Alcohol. C. O5461° M s461- 
n-EtOH 1-996 — 1-06° — 188° 
n-PrOH 2-000 1-44 255 
n-BuOH 2-000 1-49 264 
n-AmOH 2-002 1-56 276 
iso-BuOH 2-012 1-59 230 
tert.-BuOH 1-495 0-78 185 
iso-AmOH 2-010 1-70 299 
tert.-AmOH 2-000 0-90 159 


On comparing the normal homologues, it will be seen that the 
rotatory powers rise steadily on passing from ethyl alcohol to amyl 
alcohol. Lower values are observed in tert.-butyl and tert.-amyl 
alcohols. The figures suggest that all the normal and iso-alcohols 
enter into co-ordination with the carboxyl group, detaching it more 
or less completely from the ester group in the peri-position and form- 
ing a solution of relatively high levorotation. As the molecular 
weight of the hydroxylic solvent decreases, however, there will be a 
corresponding increase in its power of ionisation. Apparently, it is 
this secondary effect, leading to a rise in the proportion of ionised acid 


' -present, which is responsible for the diminished rotation in the lower 





members. It may be noted that /-menthyl hydrogen naphthalate 
in methyl alcohol (c = 4) possesses a molecular rotation [M];4¢, of 
—218°, whereas for the potassium salt under similar conditions the 
value is + 12°. The exceptionally low rotations observed in the 
tertiary alcohols may be due to less complete co-ordination, arising 
from the screening of the hydroxyl group by the alkyl radicals, in 
which event a larger proportion of the dextrorotatory complex will 
exist in solution. 

As in the other examples previously examined, the rotatory 
powers of the acid ester were also determined in several isomeric 
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disubstituted benzenes. The results obtained with the chloro- 
toluenes, dinitrobenzenes, and dichlorobenzenes are recorded below. 
Except in the case of the first-named compounds, these substances 
were employed in admixture with benzene, as several of them are 
solids at the ordinary temperature. 


}]-Menthyl Hydrogen Naphthalate in Disubstituted Benzenes (1 =1, 


t = 20°). 

Solvent, c. Qs461° [14] see1- p x 10%, 
o-CH,’C,H,Cl 2-012 +3-11° +547° 1-39 
m-CH,-C,H,Cl 2-004 2-85 503 1-60 
p-CH,’C,H,Cl 2-016 2-95 522 1-70 

Solvent. ec. IS 2s5780- [M] 5780: 4 . 

C,H, 1-996 om +3-59° +637° coh 
C,H, + C,H,-NO, 2-000 0-0146 3-39 600 37° 
C,H, + p-C,H,(NO,), 2-012 0-0142 3-14 552 85 
ft, = mol.-fraction of polar solvent in benzene mixture. 

4 = depression in rotatory power as compared with the value in benzene. 


In agreement with the general behaviour of the monosubstituted 
benzenes, it is found that among the isomeric chlorotoluenes the 
highest dextrorotation is given in the solvent having the lowest 
dipole moment. The m- and p-compounds have higher moments and 
yield solutions of lower activity, but in these two cases a minor 
inversion becomes evident. 

The values observed with the dinitro- and dichloro-benzenes re- 
semble those obtained with the other active solutes to which refer- 
ence has already been made (p. 1410). When mixed with benzene in 
similar concentrations, the m- and p-dinitrobenzenes each produce 
a considerably greater depression in rotatory power than does nitro- 
benzene under the same conditions. Despite the fact that the dipole 
moment of the para-compound is zero, it behaves as a polar solvent, 
apparently because the two nitro-groups are so far apart that they 
tend to function individually. A similar tendency may be noted 
among the dichloro-compounds; although the influence of the p- 
derivative with its zero dipole moment is relatively much less than’ 
that of the o-compound (yu = 2-25 x 10-8), it is nevertheless not 
negligible and brings about a definite depression as compared with 
benzene. 


Solvent. c. Te Q5780- [M1 ]57s0- 4. 
C,H, + C,H,Cl 2-004 0-4093 +3°15 + 556° 81 
C,H, + o-C,H,Cl, 1-996 0-4154 +2-91 +516 121 
C,H, + p-C,H,Cl, 2-000 0-4266 +3-37 +596 41 


These investigations on solvent effect lead to the conclusion that, 
in general, the rotatory power most characteristic of an optically 
active solute is exhibited when the substance is dissolved in a non- 
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polar solvent such as benzene or carbon tetrachloride. In aliphatic 
hydrocarbons like hexane there may be a tendency, even at high 
dilutions, for the active compound to exist in the associated state, 
with a consequent modification of the rotatory power. Solvents 
containing polar substituents, on the other hand, may affect the 
rotation by themselves entering into combination or dipole associ- 
ation with the solute. In the latter case, the influence of mono- 
substituted derivatives of the same parent hydrocarbon tends to be 
related to the dipole moments of the solvents. 


The authors wish to record their indebtedness to the Carnegie 
Trust for a scholarship to A. McLean which has enabled him to take 
part in this investigation. 


UNIVERSITY OF EDINBURGH. [Received, March 16th, 1932.] 





187. The Structure of the isoCyanides. Part II. 
By RanpaL GrorGE ARTHUR NEw and LESLIE ERNEST SUTTON. 


InN a previous communication (Hammick, New, Sidgwick, and 
Sutton, J., 1930, 1876; see also Sidgwick, Chem. Rev., 1931, 9, 77), 
it was shown from the magnitude and sense of the electric dipole 
moment of the isocyanide [carbylamine] group, as given by the 
moments of p-tolyl isocyanide and p-chloropheny] isocyanide, that 
the group probably has the co-ordinate structure R—N=C, first 
proposed by Langmuir (J. Amer. Chem. Soc., 1919, 41, 1543), and 
not the double-bond structure proposed by Nef, R—N—C (Anznalen, 
1892, 270, 267; 1895, 287, 265). Moreover, the magnitude of the 
moment of carbon monoxide was shown to be in accord with a 
similar structure for this substance. The evidence provided by 
the parachor, the heats of rupture, and the chemical properties 
was shown further to support these structures. 

There is a second and independent method of applying dipole 
measurements to distinguish between the two formule. In the 
Nef formula, the R-N and N-C links, by analogy with the oximes, 
will not lie in a straight line, whereas in the Langmuir formula 
they will, as the H-C and C-N links do in the analogous case of 
hydrogen cyanide (Schaefer and Matossi, “‘ Das Ultrarote Spectrum,” 
Berlin, 1930, p. 248), since the N=C link will be identical with a 
normal triple link in its stereochemical properties ; once it is formed, 
the six electrons composing it would be indistinguishable from one 
another. From the latter structure it would therefore be anticipated 
that the observed moments of para-substituted phenyl isocyanides, 
provided that the para-substituent also be a group which is sym- 
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metrical about the valency uniting it with the benzene ring, should 
be approximately equal to the sum or the difference of the moments 
of the two monosubstituted benzenes. From the former structure 
this would be expected not to be so. 

The moment calculated for p-chlorophenyl isocyanide from the 
moments of phenyl isocyanide (3-49 x ‘108 e.s.u.; Eide and Hassel, 
Tydskr. Kemi Berg., 1930, 8, 93) and chlorobenzene (1-56 x 10-18)* 
is 1-93 x 1078; that observed is 2-07 « 10-8 (H., N.,S., S., loc. cit.). 
The moment calculated for p-tolyl isocyanide, the moment of toluene 
being taken as 0-45 x 10-18, is 3-94 x 10-18; that observed is 
3-98 x 1078. In view of the possibility of the para-groups produc- 
ing a small mutual alteration of moment, this is, however, not an 
exact way of applying the criterion. As was pointed out previously 
(idem, loc. cit.), a more certain way would be to measure the moment 
of p-diisocyanobenzene, which would have a finite moment if the 
isocyanide group had the Nef structure, but not if it had the Lang- 
muir structure. This has therefore been done. The moment of 
ethyl isocyanide has also been measured. 


EXPERIMENTAL. 

Preparation and Purification of Materials —Benzene. A. R. 
Benzene was frozen out four times, dried over calcium chloride, and 
then distilled over sodium. 

Carbon tetrachloride. Pure carbon tetrachloride (as supplied by 
Messrs. Albright and Wilson, specially purified for medicinal 
purposes) was distilled over phosphoric oxide. 

p-Diisocyanobenzene. Kaufler (Sitzungsber., 1901, 110, ITb, 912) 
obtained a 10—-20% yield of this substance by boiling p-phenylene- 
diamine in chloroform with aqueous-alcoholic potash, but a re- 
petition of his preparation, with exact adherence to his directions, 
produced only very small yields (1% or less). A number of experi- 
ments were made to improve the yield, and it was finally found 
possible to obtain yields of the order claimed by Kaufler by carrying 
out the preparation in two stages; an intermediate compound, 
previously undescribed, has been isolated and shown to be p-amino- 
phenyl isocyanide. 

(1) Preparation of p-aminophenyl isocyanide.. A mixture of 30 g. 
of p-phenylenediamine (B.D.H., pure), 200 g. of potassium hydr- 
oxide, 800 c.c. of water, 120 c.c. of alcohol, and 400 c.c. of chloro- 

form was boiled under reflux for 2 hours. The chloroform layer 
was then removed, and the aqueous layer extracted with more 
chloroform ; the combined chloroform solutions were washed with 


* This and other moments quoted without authority are taken from 
Debye, “ Polare Molekeln,” Leipzig, 1929, including the supplements issued 
in 1930 and 1931. 
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a little water, dried over magnesium sulphate, and evaporated, 
finally under reduced pressure. The tarry residue was shaken 
vigorously with three or four successive quantities of ligroin (b. p. 
60—80°), each of 1500 c.c., which on cooling deposited yellow 
crystals of the amino-isocyanide; a second crop was obtained from 
mother-liquors ; yield about 30% of the theoretical. 

The crude substance forms pale yellow needles, which darken 
in the course of a few days, particularly in the light; it can be 
obtained colourless by sublimation under reduced pressure, but has 
not yet been obtained quite pure; m. p. about 74°. It has a 
characteristic isocyanide smell, stronger than that of p-diisocyano- 
benzene, and a bitter taste. It is very soluble in all the ordinary 
organic solvents except ligroin. It is fairly soluble in water, from 
which it can be recrystallised, and readily soluble in dilute acid 
(probably with decomposition). For analysis, a specimen was re- 
crystallised from ligroin (b. p. 60—80°) and sublimed (Found : 
C, 71-34; H, 5-3. C,H,N, requires C, 71-2; H, 5-1%). 

The constitution of the isocyanide is proved (1) by its hydrolysis 
to p-phenylenediamine on _ boiling with dilute hydrochloric 
acid; (2) by the formation of p-aminobenzonitrile on heating at 
235° for 2 hours; (3) by its probable reduction to N-methyl-p- 
phenylenediamine with sodium and amyl alcohol; the reduction 
product was not obtained pure, but it gave the colour reactions 
described by Bernthsen and Goske (Ber., 1887, 20, 930), and an 
oxalate, m. p. 153—154° (decomp.) (Found: C, 51-31; H, 5-9. 
CyH,,0,N, requires C, 50-9; H, 5-7%); (4) by its forming p-diiso- 
cyanobenzene by the Hofmann reaction (see below). 

The amino-isocyanide has basic properties as is shown by its 
solubility in acid, and it forms an oxalate, m. p. about 120° (efferv.), 
from which it can be recovered. On boiling in aqueous solution, 
the oxalate decomposes, forming a yellow solid, m. p. 155—160° 
(decomp.); the decomposition of isocyanides by oxalic acid, with 
formation of formamidines, is a normal reaction. 

Bromination of the amino-isocyanide in ether gave a grey precipit- 
ate, which on heating gave off hydrogen bromide but did not melt 
below 280°; a complex product might be expected to result from the 
condensation of an amino-group with a brominated isocyanide group. 

In preparing the ditsocyanide, Kaufler removed amine by washing 
with dilute acid, and this explains why he did not obtain the amino- 
isocyanide. 

(2) Conversion of mono- into di-isocyanide. This was carried out 
by a method similar to that developed for the other aromatic 
isocyanides (see H., N., S., S., loc. cit.). 2 G. of p-aminophenyl 
isocyanide were dissolved in 8 c.c. of methyl alcohol and 10 c.c. of 
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chloroform; the solution was heated in a very small flask under 
reflux, and 6-5 g. of solid sodium hydroxide, finely powdered, were 
added in small quantities. The mixture was cooled only sufficiently 
to prevent its frothing into the condenser, and the reaction was 
allowed to slacken before each addition; all the alkali was added in 
6—10 minutes. The mixture was then cooled and diluted with 
several times its volume of ether. 

The products from this process, repeated a number of times, were 
filtered, washed with water, and evaporated to dryness; the residue 
was washed with a little ether to remove tarry products and un- 
changed amino-isocyanide, dissolved in more ether, and shaken with 
10% sulphuric acid to remove any remaining amine. The solution 
was then washed with water, dried over magnesium sulphate, and 
concentrated under reduced pressure until most of the ditsocyanide 
had crystallised out; yield, 20—30% of that calculated on amino- 
isocyanide used. 

The substance decomposes before melting, and we have no 
satisfactory criterion of purity. A colourless specimen analysing 
correctly was obtained by recrystallisation from ligroin (b. p. 60— 
80°), followed by sublimation under ca. 1 mm. pressure; a special 
apparatus was used with 5 mm. between the vaporising surface and 
the water-cooled condensing surface; at 70—75°, 2 g. sublimed in 
30 minutes (Found: C, 75-00; H, 3-3. C,H,N, requires C, 75-00; 
H, 3-1%). In view of the probable weakness of p-aminophenyl 
isocyanide as a base (compare p-chloroaniline and p-nitroaniline) 
and of the ease with which it could be produced by hydrolysis of 
the diisocyanide, it is possible that the above method of purification 
did not entirely remove all of this substance. 

p-Diisocyanobenzene forms colourless needles having a compar- 
atively weak isocyanide smell; it is fairly soluble in methyl or ethyl 
alcohol, ether, benzene, cyclohexane, and carbon disulphide, but less 
so in ligroin and carbon tetrachloride. Its solutions, particularly 
in benzene, gradually become green with a strong blue fluorescence 
on standing at the ordinary temperature, and more rapidly on 
heating. A preliminary experiment showed that this decomposition 
has no measurable effect on the polarisation during the time of one 
dipole determination. On standing for several weeks, a benzene 
solution deposits a dark resin. 

On being heated, p-diisocyanobenzene darkens at about 135°, 
is black at 155°, and at 165° it decomposes suddenly with evolution 
of gas. 

A bromination product, m. p. 141—142° (Kaufler, loc. cit., gives 
137—138°) was obtained (Found : Br, 71-13. Cale. for C,H,N,Br, : 
Br, 71-42%). 
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Kaufler, by determining the elevation of the boiling point of ether, 
showed that the substance is approximately unimolecular in solution. 

Ethyl isocyanide. This was made by Guillemard’s modification 
(Ann. Chim., 1908, [viii],14, 412) of Gautier’s method (ibid., 1869, 
[iv], 17, 233); it was dried over barium oxide and fractionated. 
The major fraction, b. p. 78-2—78-7°/782 mm., was used. 

Measurements of Electric Dipole Moments.—These were measured 
in benzene solution at 25° by the method used before (Sutton, 
Proc. Roy. Soc., 1931, A, 133, 668). The results are tabulated below : 
f, is the molar fraction of the solute, d?’ the density of the solution, 
and n its refractive index at 25° (Hg green line, 4 5461 A.U.), P, is 
the total polarisation of the solute, and .P, its electron polarisation. 
To minimise errors in the density determination, the experimental 
values have been plotted against f,, and the values used in the calcul- 
ations have been obtained from the mean line; these interpolated 
densities are quoted below. 


p-Diisocyanobenzene in benzene, 


Sa d2°, e. n. P;. oF >. 

(1) —-0-01833 0-8783 2-2868 1-5034 46-15 39-0 
0-01258 0-8769 2+2828 — 45-96 —_ 
0-00856 0-8758 2-2798 1-5027 45-89 39-2 

P, at infinite dilution = 45-7 c.c. 

(2) 0-02216 0-8793 2-2918 1-5037 47-54 38-8 
0-01510 0-8775 2-2870 1-5033 48-15 39-0 
0-01032 0-8763 2-2830 — 47-78 — 
0-00708 0-8755 2-2805 — 48-56 — 

P, at infinite dilution = 49 c.c. 

(3)  0-01869 0-8784 ae 1-5033 = 38-4 
0-01428 0-8773 — 1-5030 -- 38-5 
0-01266 0-8769 — 1-5032 — 39-6 


Two further runs, carbon tetrachloride being used as solvent, 
gave P, at infinite dilution = ca. 55 and 52 c.c. .P, at infinite 
dilution = ca. 39 c.c. The dielectric constant found for carbon 
tetrachloride at 25° (referred to benzene as a standard e = 2-2747 at 


25°) was 2-2287. 
Ethyl isocyanide in benzene. 


0-04168 0-8696 2-9820 1-4973 233-8 16-4 
0-03836 0-8695 2-9259 1-4977 236-9 16-9 
0-02290 0-8717 2-6608 1-4994 247-6 16-3 
0-01640 0-8723 2-5506 1-5002 252-8 16-0 
0-01270 0-8719 2-4875 1-5006 255-3 15-9 


P, at infinite dilution = 266 c.c.; ,P, at infinite dilution = 16-0 c.c. ; 
pp = 3-47 X 10°" e.8.u. 
Discussion of Results. 
Throughout this discussion, dipole moments are given in terms of 


10-18 ¢.s.u. 
The values obtained for P, of p-diisocyanobenzene in benzene 
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at different concentrations are consistent in each run to within 1 c.c., 
but extrapolate to values of P, at infinite dilution which vary among 
themselves by 3-5 c.c.; if the values in carbon tetrachloride be 
included, the variations are still greater. These values are, however, 
all greater than .P,, the minimum difference corresponding to a 
moment of 0-6, and the maximum to one of 0-9. 

The variations of P, suggest, however, that the specimens examined 
were mixtures of a non-polar and a polar substance in various 
proportions. In fact it seemed very probable that small quantities 
of p-aminophenyl isocyanide would be present, since, as already 
pointed out (p. 1418), it was obviously difficult to remove this. 
This substance would have a moment of about 5—6 (compare 
p-nitroaniline, » = 6-4; Tiganik, Z. physikal. Chem., 1931, B, 14, 
135), and therefore, since the apparent moment conferred by small 
quantities of such a substance on a non-polar one would be equal 
to the product of its dipole moment and the square root of its molar 
fraction, only 1%, of it would be required to produce an apparent 
moment of 0-6. It therefore seems justifiable to take the smallest 
difference between P, and .P, to obtain the maximum possible 
moment of p-diisocyanobenzene. This difference includes the atom 
polarisation, for which no allowance has been made; its effect is 
always to increase the apparent value of the moment (Ebert, Z. 
physikal. Chem., 1924, 113, 5; 1925, 114, 431; J. Errera, “ Polaris- 
ation diélectrique,” Paris, 1928, p. 104; Smyth, “ Dielectric 
Constant and Molecular Structure,” New York, 1931, p. 163). We 
may therefore conclude that the moment of p-diisocyanobenzene 
is indistinguishable from zero. 

The Nef structure would lead us to expect a much larger moment 
than the apparent value obtained; an estimate of the moment in 
such a case may be made by assuming that the ratio between the 
moment of p-diisocyanobenzene and that of phenyl isocyanide 
would be approximately equal to that between other para-di- 
substituted and monosubstituted compounds having unsymmetrical 
groups. Comparable pairs of substances are tetramethyl-p-pheny]- 
enediamine (% = 1-23) and dimethylaniline (u = 1-58) which give a 
ratio of 1 : 1-28, or terephthalaldehyde (u = 2-31) and benzaldehyde 
(u = 2°75), which give a ratio of 1: 1-19. Taking a mean value of 
1-23 for the ratio, and the moment of phenyl isocyanide as 3-49, 
we find that the probable moment of p-diisocyanobenzene, if it had 
the Nef formula, would be 2-8, which is much greater than the 
largest apparent value found. The chemical properties, as a whole 
(compare H., N., S., S., loc. cit.), do not indicate tautomerism 
between the Nef and the Langmuir structure. The present measure- 
ments therefore support the latter structure. 
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The Raman spectra of methyl and ethyl isocyanides (Dadieu, 
Wien. Ber., 1930, 139, 629; Monatsh., 1931, 57, 437) also support 
this; they have a line in the same region as those lines attributed 
to triple bonds in nitriles and acetylene compounds. The measure- 
ments of Rasetti (Nature, 1929, 123, 205) provide similar evidence 
for carbon monoxide. This is in agreement with the evidence from 
the heats of rupture which were previously cited. 

Moreover, from their treatments of the chemical bond upon the 
principles of wave mechanics, Pauling (J. Amer. Chem. Soc., 1931, 
53, 1367) and Hund (Z. Physik, 1931, 73, 1) have shown that it is 
possible for the isocyanides and carbon monoxide respectively to 
have the triple-link structure. The Langmuir structure may there- 
fore be considered as definitely established. 

The moment of ethyl isocyanide is 3-47, and since this is almost 
exactly equal to that of phenyl isocyanide, it indicates that there is 
no electromeric effect in the latter (Sutton, Proc. Roy. Soc., 1931, A, 
133, 668). The nitrile group, on the other hand, though it has a 
similar electronic structure, shows a marked electromeric effect 


(m, = — 0-43), which may be represented as R—cEN, This 
difference may be attributed to carbon having a greater tendency 
than nitrogen to share electrons. It is, unfortunately, impossible 
to determine the orientating power of the isocyanide group directly 
on account of the ease with which it is hydrolysed by acids, and 
oxidised or attacked by halogens. 

With the more reliable data now available, it is possible to perform 
the calculation, made previously, of the distance between the carbon 
and nitrogen atoms in the isocyanide group with more certainty. 
The moment of the group C—N=C may be taken as the numerical 
difference (3-27) between the moment of ethyl isocyanide (3-47) and 
of the ethyl group (which is equal to that of the C-H link and is 
therefore 0-2; Sutton, loc. cit., p. 689). The moment of the C-N 
link has been calculated to be approximately 1-0 (Hammick, New, 
and Sutton, this vol., p. 742), and the moment of the C=N link 
may be taken as the numerical difference between those of aceto- 
nitrile (3-34) and the methyl group, which gives 3-14. The moment 
due to the transference of an electron from nitrogen to carbon will 
be 4:77 « d x 107°, where d is the distance between the atoms, and 


therefore we have : 
C—N=C 
-—-> <—|- 


10 3-14 
-|————-> 
4-77 x d x 108 


ee 


—-|——> 
-27 
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whence 3-27 = 1-0 + 4:77 x d x 108 — 3-14, and therefore d = 
1-13A.U. The value observed for d in the nitrile triple bond is 1-15 
A.U. (Mecke, “‘ Band Spectra,” 1929, p.23). Although the closeness 
of the agreement is to some extent fortuitous, yet the reality of the 
transference is convincingly demonstrated. 


In conclusion the authors wish to express their gratitude to Dr. 
N. V. Sidgwick and Mr, D. Ll. Hammick for their help and advice, 
to the Department of Scientific and Industrial Research for grants 
which have enabled them to carry out this research, and to Imperial 
Chemical Industries, Ltd., for a grant which has covered part of the 
expense of it. 


THe Dyson PEerRRINS LABORATORY, 
Oxrorp. [Received, March 18th, 1932.] 





188. Bromopiperitione. 
By Gwitym IorwertTH Davises and JoHN LIONEL SIMONSEN. 


Ir was shown by Wallach and Hallstein (Annalen, 1918, 414, 287) 
that when the liquid dibromide, prepared by the bromination of 
piperitone in acetic acid solution, was shaken with dilute potassium 
hydroxide solution, a crystalline monobromide, C,,H,,OBr, m. p. 
42—43°, was formed. This bromide behaved in a somewhat 
remarkable manner on oxidation with potassium permanganate in 
alkaline solution, since it gave a keto-acid, C,y)H,,03, m. p. 105—106°. 
Wallach and Hallstein left undetermined the constitutions of both 
the bromide and the keto-acid, although they suggested that the 
former was probably 2-bromo-A}-p-menthen-3-one (I). We have 
now found this to be correct, since on oxidation with potassium 
permanganate in acetone solution y-acetyl-«-isopropylbutyrie acid 
(II) is obtained in excellent yield. 


CMe COMe 
\ 
(I.) a Br A (II.) 
¢ 2 yeumee ver 2 
CH, CO H, CO,H 


\Vf-cHMe, N4E-CHMe, 


The keto acid, C,)H,,0;,.is undoubtedly identical with the acid 
having this composition which was obtained by Semmler and 
McKenzie (Ber., 1906, 39, 1158; compare Cusmano, Gazzetta, 
1923, 53, i, 158) by the oxidation of diosphenol (III) and to which 
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they assigned the structure (V), the primary product (IV) of the 
oxidation undergoing cyclisation with loss of water. 


CMe COMe ro) CO,H 
én % OH a CO,H 6a, Ct 
2)" 2 2 2 2 
CH, CO ~~ ne OO: ina ne C-CO,H CH, CO,H 
NZ i. 9 NZ 
CH-CHMe, CH-CHMe, CH-CHMe, CH-CHMe, 
(III.) (IV.) (V.) (VI.) ° 


The identity of the acid was proved by the preparation of the 
oxime, which melted, as stated by Semmler and McKenzie, at 182°, 
whilst direct proof of its constitution was furnished by its oxidation 
to «-isopropylglutaric acid (VI). 

These results are adequately explained if it is assumed that 
whereas in acetone solution the oxidation of the bromide proceeds 
normally, in alkaline solution diosphenol is first formed and then 
undergoes degradation in the manner observed by Semmler and 
McKenzie. The tendency for dibromopiperitone to pass into the 
monobromide and into diosphenol accounts probably for the poor 
yield of thymol which was obtained when it was treated with bases 
(Read, Watters, Robertson, and Hughesdon, J., 1929, 2071). 


EXPERIMENTAL. 


Bromopiperitone, m. p. 43°, was prepared as described by Wallach 
and Hallistein (loc. cit.) (Found: Br, 35-2. Cale.: Br, 34-6%). In 
order to obtain a good yield of the bromo-ketone it is essential that 
the piperitone used in its preparation should be optically inactive. 

Oxidation of Bromopiperitone with Potassium Permanganate.— 
(1) In acetone. To a well-cooled solution of the bromo-ketone 
(11 g.) in acetone (310 c.c.), potassium permanganate (17:7 g.) was 
gradually added. The manganese dioxide sludge was washed with 
acetone to remove unchanged bromo-ketone and extracted with 
hot water. The aqueous alkaline extract was concentrated in a 
current of carbon dioxide, acidified, and extracted with ether. The 
oil (56 g.) remaining after the removal of the solvent was dissolved 
in methyl alcohol and mixed with semicarbazide acetate. The 
semicarbazone (7 g.) obtained, after crystallisation from methyl 
alcohol, had m. p. 156° both alone and after admixture with 
y-acetyl-a-isopropylbutyric acid semicarbazone (Found: C, 52:3; 
H, 8-2. Cale.: C, 52-4; H, 83%). On hydrolysis with dilute 
sulphuric acid the semicarbazone gave y-acetyl-«-isopropylbutyric 
acid, m. p, 42° (alone and after admixture with an authentic 
specimen). 

(2) In alkaline solution. Bromopiperitone (10 g.) was oxidised 
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in sodium carbonate solution with potassium permanganate under 
the conditions used by Wallach and Hallstein (loc. cit.). 6-isoPropyl- 
A!.cyclohexen-3-one-1l-carboxylic acid, obtained in excellent yield, 
had m. p. 104—-105° after crystallisation from hot water (Found : 
C, 66-2; H, 7-9. Cale.: C, 65-9; H, 7-7%). The oxime, after 
recrystallisation from methyl alcohol, decomposed at 182—183° 
(Found: C, 61:2; H, 7-5. Cale.: C, 60-9; H, 7-6%). We were 
unable to confirm the higher m. p. 190°, recorded by Cusmano 
(loc. cit.). The semicarbazone decomposed, as stated by Wallach 
and Hallstein, at 225° (Found: C, 54:8; H, 7-0. Cale.: C, 55-2; 
H, 7:2%). The keto-acid is not attacked by sodium hypobromite 
solution and on oxidation with dilute nitric acid undergoes complete 
degradation to oxalic acid. When, however, it was oxidised with 
potassium permanganate in alkaline solution at 0°, «-isopropyl- 
glutaric acid, m. p. 95°, was obtained, identified by comparison ‘with 
a specimen prepared from dl-piperitone. 


We desire to thank the Government Grants Committee of the 
Royal Society for a grant which has defrayed the cost of this 
investigation. 


THe UNIVERSITY COLLEGE or NorTH 
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189. <A Synthesis of cis- and trans-dl-1 : 1-Dimethyl- 
2-y-ketobutylcyclopropane-3-carboxylic Acids. 
By JoHN OwEN and Joun LIoNEL SIMONSEN. 


THE constitutional formule which have been assigned to the two 
dicyclic hydrocarbons, d-A*-carene and d-A‘-carene, are based in 
part on their degradation by oxidation to a number of cyclopropane 
acids, of which only the simplest, caronic acid, has been synthesised. 
We now describe the synthesis of the cis- and trans-modifications of 
dl-1 : 1-dimethyl-2-y-ketobutyleyclopropane-3-carboxylic acid (II), a 
dextrorotatory form of which was obtained by the oxidation of 
A‘-carene (I) with potassium permanganate (J., 1922, 121, 2292). 
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H, CH CH, CH CH, CH, | 
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The methods which are available for the synthesis of cyclopropane 
acids with long side chains are somewhat limited, but we have 
found that the ethyl ester of the required keto-acid can be prepared 
readily by the condensation of methylheptenone with ethyl diazo- 
acetate in the presence of copper-bronze.* As is now well estab- 
lished, methylheptenone is not homogeneous, but is a mixture of 
the two ketones represented by (III) and (IV), in which the former 
largely predominates. It was therefore anticipated that the 
condensation product might be a mixture of the structurally isomeric 
esters (V) and (VI). 


H-CO,Et 

III. ° ‘s 

(III.) CMe,{CH-CH,°CH,Ac aS ametn an oe 

(IV.) CH,!CMe-CH,-CH,°CH,Ac CH, ~CMe-CH,CH,Ac 
NZ (VI.) 
(H-CO,Et 


No evidence of the presence of an ester having the structure (VI) 
was however obtained. Hydrolysis of the crude condensation 
product gave a mixture of a liquid and a crystalline acid which could 
be readily separated by the fractional crystallisation of their 
semicarbazones, m. p. 193—194° and 223—224° respectively. By 
hydrolysis of the semicarbazones the corresponding acids were 
obtained, that from the higher-melting being crystalline, m. p. 
78—79°, whilst the lower-melting gave a liquid keto-acid. The two 
acids must be the stereoisomeric modifications of dl-1 : 1-dimethyl- 
2-y-ketobutyleyclopropane-3-carboxylic acid (II), since they both on 
hydration with dilute sulphuric acid yield dl-homoterpenyl methyl 
ketone (VII), and in accordance with the usual convention the higher- 
melting acid is assumed to have the trans-configuration, although no 
direct proof of this has been obtained. The hydration of these two 
keto-acids to the keto-lactone is the first synthesis of this important 
degradation product of «-terpineol and «-pinene and the identity 
of the lactone itself and of its semicarbazone was established by 
direet comparison with specimens prepared from dl-pinonic acid. 
We found the semicarbazone to have a somewhat higher m. p. 206— 
207° than that recorded by Wallach (Annalen, 1896, 291, 343). 

By oxidation with sodium hypobromite the two keto-acids were 
converted into the corresponding dibasic acids, cis- and trans- 
dl-3-carboxy-1 : 1-dimethylcyclopropane-2-propionic acids, m. p. 131— 
132° and 107—108°, the constitutions of which were confirmed by 
their hydration to homoterpenylic acid. 

Since the keto-acid and the corresponding dibasic acid obtained 


* This condensation was first investigated by Dr. K. N. Menon at the Indian 
Institute of Science in 1927. We desire to thank him for his assistance. 
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by the oxidation of d-A‘-carene were dextrorotatory, no direct 
proof of their structural identity with the synthetic acids described 
in this paper can be offered. There would, however, appear to be 
little doubt that they are the dextrorotatory modifications of the 
cis-acid and it is proposed to confirm this by the resolution of the 
synthetic acids. 

During the hydrolysis of the condensation ester referred to above 
with methyl-aleoholic potassium hydroxide solution a sparingly 
soluble potassium salt separated. From this a crystalline acid was 
obtained, decomp. 286°, which analysis and a molecular weight 
determination of the methyl ester showed to be a tetrabasic acid, 
C,H,(CO,H),. There can be little doubt that the acid is cyclo- 
butane-1 : 2: 3: 4-tetracarboxylic acid formed by the decomposition 
and interaction of four molecules of ethyl diazoacetate. 


EXPERIMENTAL. 


Condensation of Methylheptenone and Ethyl Diazoacetate—To 
methylheptenone (60 g.) and copper-bronze (2 g.), ethyl diazoacetate 
(20 g.) was gradually added, the mixture being gently warmed on 
the water-bath to start the condensation, which proceeds smoothly 
at 45—50°. (If this temperature is exceeded, the reaction may 
proceed with explosive violence.) After the evolution of nitrogen 
had ceased (6 hours), the product from two such condensations was 
distilled under diminished pressure (17 mm.); after removal of 
unchanged methylheptenone (93 g.), a fraction (40 g.), b. p. 90—150°, 
was obtained. This was mixed with methyl-alcoholic potassium 
hydroxide solution (KOH, 15 g.) and heated under reflux for 2 hours; 
a small quantity of a sparingly soluble potassium salt (A) then 
separated. This was collected, and the filtrate distilled in steam to 
remove unchanged methylheptenone. The residue from the steam 
distillate was concentrated and acidified, and the solution extracted 
with ether; the ethereal extract was washed with sodium carbonate 
solution, dried, and evaporated, leaving a small quantity of methyl- 
heptenone. The sodium carbonate washings were acidified and the 
oil which separated was extracted with ether, the solution dried, 
and the solvent removed. The viscid brown oil (19 g.) obtained 
partly crystallised on keeping. The solid acid (14 g.) was freed as 
far as possible from the oil (4 g.) by filtration and the two fractions 
were converted separately into the semicarbazones. By crystallis- 
ation from methyl alcohol two semicarbazones, m. p. 180—183° 
(5-1 g.) and 201—205° (17-4 g.), were obtained. 

dl-trans-1 : 1-Dimethyl-2-y-ketobutyleyclopropane-3-carboxylic acid 
semicarbazone. When the more sparingly soluble and_higher- 
melting semicarbazone was recrystallised from methyl alcohol, it 
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separated in prisms, decomp. 223—224° (Found: C, 54:8; H, 7-9. 
C,,H,,0,N, requires C, 54-8; H, 7-9%). For the preparation of 
the acid, the semicarbazone (5 g.) was heated with sulphuric acid 
(70 c.c.; 5%) on the water-bath for 4 hours. The cooled solution, 
after saturation with ammonium sulphate, deposited a crystalline 
acid; this was dissolved in ether, the ethereal solution dried and 
evaporated, and the solid residue recrystallised from hot water. 
dl-trans-1 : 1-Dimethyl -2 -y- ketobutyleyclopropane -3-carboxylic acid 
crystallised in leaflets which, under the microscope, were seen to 
consist of bayonet-shaped needles, m. p. 78—79° (Found : C, 64-9; 
H, 8-9; M, 185-2. C,,H,,0, requires C, 65-2; H, 8-7%; M, 184). 

The oxime crystallised from hot water in rosettes of stout prismatic 
needles, m. p. 114° (Found : C, 60-1; H, 88. C,)H,,0,N requires 
C, 60-3; H, 85%). 

dl-trans-3-Carboxy-1 : 1-dimethyleyclopropane-2-propionic acid. A 
solution of the keto-acid (5 g.) in aqueous sodium hydroxide 
(NaOH, 1-5 g.) was added all at once to a well-cooled solution of 
sodium hypobromite (275 c.c.; NaOH, 15 g.; Bry, 20 g.). The 
solution immediately became cloudy and after remaining at room 
temperature for 2 hours the bromoform was separated, the excess 
of hypobromite removed with sulphur dioxide, and the solution 
acidified, saturated with ammonium sulphate, and repeatedly 
extracted with ether. On removal of the dried solvent an oil 
remained which rapidly solidified. It was purified by two crystal- 
lisations from hot water, from which it separated in conglomerates 
of hard prisms, m. p. 131—132°, sintering slightly below this tem- 
perature. The acid was readily soluble in hot water and benzene, 
more sparingly in the cold solvents, very readily in alcohol, acetic 
acid, formic acid, very sparingly in cyclohexane. Its aqueous solu- 
tion gave a sparingly soluble copper salt on the addition of copper 
acetate (Found: C, 58-4; H, 7-6; M, 186-1. C,H,,0, requires 
C, 58-0; H, 75%; M, 186). 

cis-dl-1 : 1-Dimethyl-2-y-ketobutyleyclopropane-3-carboxylic acid 
semicarbazone. The lower-melting and more soluble semicarbazone 
(p. 1426) was somewhat sparingly soluble in ethyl alcohol and crystal- 
lised therefrom in prismatic needles, decomp. 193—194° (Found : 
C, 54-6; H, 8-2. C,,H,,0O,N, requires C, 54-8; H, 7:9%). 

On hydrolysis with dilute sulphuric acid the keto-acid was obtained 
as a colourless viscid oil, which was further characterised by the 
preparation of the oxime. This was a gum, which solidified after 
some weeks and then crystallised from water in small plates, 
m. p. 102° (Found: C, 60-4; H, 8-3. C,)H,,0,N requires C, 60-3; 
H, 8:5%). | 

cis-dl-3-Carboxy-1 : 1-dimethyleyclopropane-2-propionic acid, pre- 
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pared from the keto-acid by oxidation with sodium hypobromite 
under the same conditions as those used for the preparation of the 
trans-acid, crystallised from hot water, in which it was readily 
soluble, in prisms, m. p. 107—108°, sintering at 105°. It was readily 
soluble in the ordinary organic solvents except light petroleum. 
Its aqueous solution gave with copper acetate a sparingly soluble 
copper salt (Found: C, 57-8; H, 7-8; M, 187-2. C,H,,O, requires 
C, 58-0; H, 75%; M, 186). 

Conversion of cis- and trans-dl-1 : 1-Dimethyl-2-y-ketobutylcyclo- 
propane-3-carboxylic Acids into dl-Homoterpenyl Methyl Ketone.— 
Since both forms of the keto-acid gave homoterpenyl methyl! ketone 
on treatment with mineral acids, only one experiment need be 
described. The trans-acid (0-5 g.) was digested with sulphuric acid 
(15 ¢.c.; 20%) for 6 hours. The solution darkened somewhat and 
an oil separated. After being cooled and saturated with ammonium 
sulphate, the solution was extracted with chloroform, the extract 
dried, and the solvent removed. The residual oil was triturated 
with sodium carbonate solution, and the insoluble portion, which 
partly crystallised, redissolved in chloroform. After removal of 
the solvent the brown oil (0-3 g.) was mixed with semicarbazide 
acetate; the semicarbazone, which separated immediately, was 
collected, washed with ether to remove an oily impurity, and 
recrystallised from methyl alcohol, forming rhombs, decomp. 
206—207°. This decomposition point was not depressed on 
admixture with an authentic specimen of d/-homoterpenyl methyl] 
ketone semicarbazone (Found: C, 548; H, 8-1. Cale. for 
C,,H,,0,N,: C, 54:8; H, 7-9%). 

A portion of the semicarbazone was hydrolysed with dilute 
sulphuric acid, and the resulting ketone recrystallised from water ; 
dl-homoterpenyl methyl ketone then separated in prismatic needles, 
m. p. 63—64°, both alone and in admixture with a specimen pre- 
pared from dl-pinonic acid (Found: C, 65-0; H, 8-8. Cale. for 
CyoH,,0,: C, 65-2; H, 8-7%). 

Conversion of cis- and trans-dl-3-Carboxy-1 : 1-dimethyleyclo- 
propane-3-propionic Acids into Homoterpenylic Acid.—The cis-acid 
(0-5 g.), in concentrated hydrochloric acid (5 c.c.), was heated at 
100° in a sealed tube for 5 hours. After removal of the mineral acid 
the residual brown oil was dissolved in hot water and filtered from 
insoluble matter (charcoal), and the water evaporated. A solid 
remained, which crystallised from ether in prisms, m. p. 99—100°. 
Its identity with homoterpenylic acid was confirmed by titration 
(Found: M, monobasic, 186. Cale., 186). 

The trans-acid, when treated with hydrobromic acid (saturated 
at 0°), also gave homoterpenylic acid. 
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The sparingly soluble potassium salt (A) (p. 1426) was dissolved in 
water, the solution acidified and extracted with ether, the ethereal 
solution dried, and the solvent evaporated; a crystalline acid, 
mixed with a little oil, remained (1-5 g. from 224 g. of ethyl diazo- 
acetate). The solid was collected, washed with ether, and recrystal- 
lised from hot water, in which it was somewhat sparingly soluble 
and from which it separated in serrated prisms, decomp. 287° 
(Found: C, 41-9; H, 3-8. C,H,O, requires C, 41-4; H, 3-4%). 
The silver salt, which separated from an ammoniacal solution of the 
acid as a white powder on the addition of silver nitrate (Found : 
C, 14-8; H, 0-8. C,H,O,Ag, requires C, 14-6; H, 0-6%), was dried 
and converted into the methyl ester by digestion with methyl iodide 
in benzene solution. Methyl cyclobutane-! : 2 : 3 : 4-tetracarboxylate 
crystallised from methyl alcohol in needles, m. p. 103° [Found : 
C, 50:1, 50-2; H, 5-8, 5-7; M (Rast), 279-8. C,,H,,0, requires 
C, 50-0; H, 56%; M, 288). 


The authors are indebted to the Government Grants Committee 
of the Royal Society and to the Chemical Society for grants which 
have in part defrayed the cost of this investigation; they desire also 
to make acknowledgment to Imperial Chemical Industries. A 
maintenance grant from the Department of Scientific and Industrial 
Research has enabled one of them (J. O.) to take part in the 
investigation. 


UNIvERSITY COLLEGE oF NortTH 
WaALEs, Bancor. [Received, March 8th, 1932.] 





190. A Ring Homologue of Tropacocaine. 
By Bertie KENNEDY Biount and Rosert Rosrnson. 


THE synthesis of tropinone from succindialdehyde (J., 1917, 111, 
762) was extended to that of pseudopelletierine from glutardi- 
aldehyde by Menzies and one of us (J., 1924, 125, 2169) and the 
feasibility of its further extension to adipdialdehyde was mentioned. 

This dialdehyde, then not readily prepared, has recently been 
made accessible (Criegee, Ber., 1931, 64, 260) by the oxidation of 
cyclohexanediol with lead tetra-acetate, a reagent introduced by 
Dimroth and Schweizer (Ber., 1923, 56, 1875). We have now 
condensed adipdialdehyde with caleium acetonedicarboxylate and 
methylamine and obtained duplohomotropinone (or N-methyl- 
homogranatonine) (I) in a yield of approximately 18%. 

This ring homologue of tropinone and pseudopelletierine is an oil, 
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but it forms a crystalline picrate and dipiperonylidene derivative (IT) 
and a highly characteristic methiodide. 


CH,°CH,°CHO CH, CO-0 CH,-CH,-CH—CH-CO,H 
+NHMe+CO Ca —> ke 00 
CH,CH,-CHO CH,-CO-0 H,-CH,CH—CH-CO,H 
CH,-CH,-CH—CH,  CH,°CH,-CH—C:CH-C,H,:0,CH 
2 “Xe G0" | 2 “Nae GO 6" 3°™2 2 
H,-CH,-CH—CH, H,* CH,-CH—C:CH-C,H;,:0,CH, 
(I.) (II.) 
CH,-CH,-CH—CH 
Lene XM GH’OR 
H,-CH,-CH—CH, 
(III.) 


On reduction with sodium and n-butyl alcohol the ketone yields 
the related secondary alcohol, N-methylhomogranatoline (III, 
R = Hi), likewise an oil, of which the picrate was analysed. The 
O-benzoyl derivative (III, R = COPh) of this base (picrate, hydro- 
chloride) is the substance mentioned in the title; it possesses strong 
local anesthetic properties. 


EXPERIMENTAL. 

cis-cycloHexane-1 : 2-diol—The following process, based on one 
due to Coleman and Johnstone, and Osterberg (‘‘ Organic Syn- 
theses,”’ 5, 31—35), is a rapid method for preparing the pure com- 
pound in quantity from accessible materials; the yield, however, is 
not entirely satisfactory. 

cycloHexene (‘‘ Organic Syntheses,” 5, 33) (83 g.) was treated 
gradually with a slight excess of hypochlorous acid (sodium hypo- 
chlorite solution and nitric acid), the mixture being stirred and kept 
below 15° by the addition of ice. The aqueous layer was then 
siphoned off and replaced by a solution of sodium hydroxide (40 g.) 
in water (250 c.c.) and after 1 hour’s stirring, a little ether was added 
and the upper layer was dried and distilled through a short column. 
The crude cyclohexene oxide (about 40 g., b. p. 80—160°) was re- 
fluxed for 1 hour with 1% sulphuric acid, the liquid neutralised with 
potassium carbonate, most of the water distilled off, the remainder 
evaporated on the steam-bath, and the residue extracted with hot 
benzene. Addition of ether to the concentrated extract at 0° gave 
pure cis-cyclohexanediol (20—27 g.). 

N-Methylhomogranatonine (1).—The crude adipdialdehyde (12 g. ; 
b. p. 70—100°/12 mm.) obtained by the oxidation of cis-cyclo- 
hexanediol (15-5 g.) by the method of Criegee (Joc. cit.) was dissolved 
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in water (120 c.c.) and added to a solution of acetonedicarboxylic 
acid (48 g.) in water (240 c.c.) which had been neutralised with 
precipitated chalk (60 g.); aqueous methylamine (150 c.c. of 33%) 
was then introduced during 30 minutes with constant shaking. 
After a week, the mixture was acidified with concentrated hydro- 
chloric acid (Congo-red) boiled until evolution of carbon dioxide 
ceased, cooled, and made alkaline. The calcium oxalate precipit- 
ated by ammonium oxalate (72 g.) was collected and washed with a 
little alcohol and thoroughly with ether. The brown green-fluor- 
escent filtrate was shaken 15 times with about its own volume of 
ether, the base extracted in each operation being taken up in a small 
quantity of hydrochloric acid (3N). The bases were again rendered 
to ether and after evaporation of the dried ethereal solution the 
product was obtained as a brown oil. This was mixed with acetone 
{10 c.c.) and treated with picric acid (15 g.) in acetone (15 c.c.). 
Heat was evolved and, after cooling, the picrate was collected; a 
further quantity was recovered from the mother-liquor. N-Methyl- 
homogranatonine picrate crystallised from hot water in bright yellow 
needles (7-5 g.), m. p. 206° (decomp.) (Found : N, 14-5. CygH»0,N, 
requires N, 14-1%). 

The free base, regenerated as an oil from the recrystallised picrate, 
was mixed (0-2 g.) with methyl iodide (0-2 c.c.) and methyl alcohol 
(3 c.c.) and kept for a week; N-methylhomogranatonine methiodide 
separated in large cubic crystals, very sparingly soluble in organic 
solvents. It crystallised from water at the ordinary temperature in 
cubes, at low temperatures in long, thin, feathery prisms, m. p. 277° 
(decomp.) (Found: C, 42-9; H, 6-5. C,,H,,ONI requires C, 42-7; 
H, 65%). 

Dipiperonylidene-N-methylhomogranatonine (I1) was prepared from 
the crude mixture of bases (0-5 g.) by gentle heating on the steam- 
bath for 4 hours with piperonal (1 g.) and aqueous potash (3 drops of 
50°) in aleohol (10 c.c.). After cooling, the brown solid was separ- 
ated and crystallised from ethyl acetate (charcoal) and chloroform— 
ethyl acetate, yielding the derivative in yellow, irregular, four-sided 
plates, m, p. 209—210° (Found: C, 72-2; H, 6-1. C,,H,;0,;N 
requires C, 72-4; H, 5-9%). The solution in concentrated sulphuric 
acid has an intense royal-blue colour and becomes green and then 
yellow on dilution, in every way resembling those of the dipiperony]- 
idene derivatives of tropinone and pseudopelletierine. The light 
yellow hydrochloride is very sparingly soluble in dilute hydro- 
chloric acid. This substance was also prepared from the pure base 
regenerated from the picrate. 

N-Methylhomogranatoline (III, R= H).—N-Methylhomogran- 
atonine, regenerated from the recrystallised picrate (3-5 g.), was 
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reduced with sodium (5 g.) and dry n-butyl alcohol (80 c.c.). The 
solution was made acid to Congo-red with concentrated hydrochloric 
acid, and the butyl alcohol distilled in steam, the liquid being 
simultaneously heated to diminish the volume; it was then cooled, 
basified, and repeatedly extracted with ether, the base being re- 
moved each time from the organic layer by shaking with a little 
hydrochloric acid {3N). Finally the combined acid solutions were 
rendered alkaline and the base was isolated by means of ether as an 
almost colourless oil (1-4 g., 95%). 

The picrate, prepared in alcoholic solution, crystallised in clusters 
of small orange-yellow needles, m. p. 236—237° (decomp.), with con- 
siderable previous darkening (Found: C, 48-6; H, 5-5. C,,H,.O,N, 
requires C, 48-2; H, 5-5%). 

O-Benzoyl-N-methylhomogranatoline (Duplohomotropacocaine) (III, 
R = COPh).—N-Methylhomogranatoline (1-2 g.), benzoic anhydride 
(2-5 g.), and water (2 ¢.c.) were heated together on a boiling water- 
bath for 2 hours, a further quantity (1-5 g.) of benzoic anhydride was 
added, and the heating continued for afurther 1 hour. After cooling, 
the mixture was diluted somewhat and made acid to Congo-red, the 
benzoic acid and unchanged anhydride were extracted with ether, 
the aqueous layer was neutralised with sodium carbonate, and the 
liberated base isolated by means of ether and treated with an excess of 
picric acid in ether-acetone. A gummy picrate separated, which 
solidified after 24 hours at 0° and was twice crystallised from 
aqueous acetone by slow cooling and constant shaking. O-Benzoyl- 
N-methylhomogranatoline picrate forms yellow needles, m. p. 175— 
177° (Found: C, 55-6; H, 53; N, 1)-1l. C,,H,,O,N, requires 
C, 55-0; H, 5-2; N, 11-2%). 

The recrystallised picrate was decomposed with hydrochloric acid, 
the picric acid removed by ether—acetone, and the base rendered to 
ether. The dried solution was concentrated to a small bulk, and dry 
hydrogen chloride led in; the hydrochloride, which separated as an 
oil, from which the solvent was decanted, was crystallised by 
solution in a little alcohol, cautious addition of ether until a turbidity 
was produced, and cooling to 0°. The salt (0-31 g.) separated in 
long white needles which were stable in the air, and evidently con- 
tained solvent of crystallisation, since they melted indefinitely from 
50°. On drying in a vacuum desiccator, they were converted into a 
colourless gum, which erystallised again in moist air (Found in 
material dried at 110° in a high vacuum: C, 65-4; H, 7-7; N, 4-4. 
C,,H,,0,N,HCI requires C, 65-9; H, 7-8; N, 45%). 

A trace of this substance placed on the tongue produces a char- 
acteristic sensation of numbness. Professor J. Gunn and Mr. G. K. 
Elphick of the University Department of Pharmacology have kindly 
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undertaken the investigation of the physiological properties of the 
salt and have made the following interim report : ‘“‘ Tested on the 
cornea of the eye of the rabbit, the preparation (duplohomotro- 
pacocaine hydrochloride) is a powerful local anzsthetic and is 
approximately as effective in this respect as tropacocaine hydro- 
chloride. The anesthesia produced by the new agent is, however, 
more persistent than that produced by tropacocaine. Relative 
toxicity tests are in progress.” 


The authors wish to thank the Ramsay Memorial Trust for a 
Fellowship awarded to one of them. 


THe Dyson Prerrins LABORATORY, 
UNIVERSITY OF OXFORD. ; [ Received, March 2nd, 1932.]} 
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191. Experiments on the Synthesis of Physostigmine 
(Eserine). Part VI. A Synthesis of dl-Eser- 
methole Methopicrate. 


By FrepERIcK ERNEST KING and RoBert Rosinson. 


RECENTLY (this vol., pp. 298—336) two distinct syntheses of 
eserine-like bases have been described. Ring closure of the requisite 
indolenine (loc. cit., Part I, p. 304) led to a small quantity of a base 
believed to be dl-noreserethole (I); on the other hand, the resolution 
of a synthetic indolinone (II) to yield a degradation product of 
physostigmine (see Part V, p. 326) confirmed the constitution of 
the alkaloid and also indicated a second route for its synthesis. 


EtO, ———CMe—CH, MeO ——CMe-CH,°CH,"NMe,} X 
\ JOR ie 0 (II.) 
NM 


(I.) NMe NH e 


The production of the tricyclic system (I), the basis of the eserine 
structure, from the secondary base related to (II) is theoretically 
feasible after reduction to the indoleninium salt, a transformation 
which might be difficult to effect in practice. With a primary amine 
of this type, however, apart from such a procedure, a direct ring 


MeO OMe-CH,°CH,Br MeO, CMe-CH,°CH,-N H, 
O (IIr.) 0) (IV.) 


NMe NMe 


closure appears practicable; a further quantity of the methoxy- 
indolinone bromide (III), an intermediate in the earlier synthesis 
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(loc. cit., p. 333), was therefore prepared with a view to its conversion 
into 5-methoxy-1 : 3-dimethyl-3-8-aminoethyl-2-indolinone (IV). 

When the compound (III) was heated under pressure with an 
excess of saturated alcoholic ammonia, a small amount of a crystal- 
line solid was produced, but it proved to be a secondary base formed 
from two molecules of the indolinone bromide and one of ammonia. 
The indolinone bromide and potassium phthalimide reacted with 
formation of a phthalimidoethylindolinone (V), from which the 
liquid amine (IV) was derived by combination with hydrazine 
hydrate and subsequent hydrolysis. The dimethyl-methiodide and 
the methopicrate of this base were identical with the respective salts 
of dl-dehydroesermetholemethine (loc. cit., p. 333); in addition 
a crystalline picrolonate and a picrate have been prepared. 


Meo GW Wimdinibeitaien (V.) 


NMe 


ee am 
tres 
NMe 

From an attempt to prepare dl-dinoresermetholemethine by 
electrolytic reduction, the compound (IV) was recovered unchanged, 
and the action of sodium in boiling amy] alcohol resulted in complete 
reduction of the carbonyl group to furnish 5-methoxy-1 : 3-dimethyl- 
3-8-aminoethylindoline (d!-dihydronoresermethole) (VI), an oily base 
which was characterised by means of a crystalline picrolonate and a 
prcrate. The more remote alternative, that the product was 
di-noresermethole (VIII), formed by reduction of the indolinone 
(IV) to a carbinol with subsequent elimination of water, was rejected 
after comparison of the foregoing products with authentic specimens 
of di-noresermethole and its picrolonate. In view of the more 
successful outcome of attempts to promote direct ring closure of the 
indolinone (IV) to the base (VII), the reduction experiments were 
discontinued. 

The substance (VII) being essentially an amidine, efforts were 
made to prepare it by Hofmann’s method, but boiling phosphorus 
trichloride was without action on the amine (IV). The latter was 
dehydrated, however, by phosphoric oxide in boiling xylene (com- 
pare Sen and Ray, J., 1926, 646): the uncrystallisable product 
was not homogeneous, but was, indeed, mainly the amidine (VII). 
When it was treated with boiling alcoholic picrolonic acid, the 
primary base (IV) was regenerated and good yields of the picrolonate 
were thus isolated. The methiodide, which was amorphous, did 
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not absorb hydrogen, but the crude amidine, when catalytically 
reduced in a non-hydroxylic solvent, very slowly absorbed approx- 
imately 80°, of the theoretical quantity of hydrogen, yielding crude 
noresermethole (VIII). This formed a crystalline picrolonate, but the 
methiodide and methosulphate were syrups which reacted with 
picric acid to form a crystalline quaternary salt, dl-esermethole 
methopicrate (IX), closely resembling the natural salt in properties 
(loc. cit., p. 334). 


MeO CMe-CH, qe vo 
(VIL) \ ANA AE 
NMe W 


Seale poe ) 


Meo \—CMe—CH, 
(IX.) oot ie o 0-C,H,(NO,), 


NMe NMe, 


An attempt to resolve this salt is in progress. 


EXPERIMENTAL 


Di-(5-methoay -1 : 3- dimethyl - 2 -indolinone - 3 - 8 - ethyl)amine.—The 
methoxy-bromide (IIT) (4 g.) was heated under pressure at 150° 
for 3 hours with a large excess (20 c.c.) of saturated methyl-alcoholic 
ammonia. The oil which remained after evaporation of the alcohol 
was shaken with dilute hydrochloric acid, and the sticky residue 
removed by ether; on addition of ammonia to the aqueous solution, 
an oil (2-5 g.) was precipitated, and this was isolated by repeated 
extraction with ether and distilled in a high vacuum, giving a straw- 
coloured resin (1-7 g.), b. p. 250—260°/1 mm. It dissolved freely in 
organic solvents except light petroleum and eventually crystallised 
from acetone-light petroleum in tiny fan-shaped clusters of colour- 
less needles, the pure substance (0-25 g.) having m. p. 166—168° 
(Found: C, 68-9; H, 7-5; N, 9-5. C,,H,,0,N, requires C, 69-2; 
H, 7:3; N, 93%). Its methiodide was easily produced and crystal- 
lised from boiling alcohol in pale cream, voluminous, tiny needles, 
m. p. 122—125°. 

5-Methoxy-1 : 3-dimethyl-3-6-phthalimidoethyl-2-indolinone (V).— 
The bromide (IIT) (10 g.) and potassium phthalimide (10 g.) were 
heated together (oil-bath at 170°) for an hour; boiling water was 
then added to extract the potassium salts. The plastic amorphous 
residue of the phthalimido-base crystallised from isoamyl alcohol 
in bright yellow, thick, rectangular plates (9—9-5 g.),m. p. 108—109° 
after being washed with light petroleum (Found: C, 69-3; H, 5-5; 
N, 8-0. C,,;H,,0,N. requires C, 69-2; H, 5-5; N, 7-7%). 

5-Methoxy-1 : 3-dimethyl -3-8 -aminoethyl-2-indolinone (IV).—An 
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alcoholic solution (25 c.c.) of the phthalimido-base (9 g.), heated 
under reflux on a steam-bath with hydrazine hydrate (1-5 g.), set to 
a pasty mass after 10—15 minutes ; water (30 c.c.) and concentrated 
hydrochloric acid (30 ¢.c.) were then added, the mixture refluxed for 
30 minutes, the alcohol removed under diminished pressure, and 
after several hours the phthalhydrazide * (4 g.) collected. Excess 
of sodium hydroxide added to the filtrate liberated the primary 
amine, which was isolated by means of chloroform and distilled as 
a colourless syrup (4-8 g.), b. p. 160—165°/1 mm. This, warmed 
with methyl iodide in ethereal solution, gave a methiodide, which 
crystallised from alcohol in long rectangular plates, m. p. 156—158° 
(dried in a vacuum), unaffected by admixture with a specimen of the 
quaternary salt prepared from the corresponding tertiary base (II). 
The methopicrates were likewise identical, having m. p. 193—195°, 
either alone or in mixture. The picrolonate readily crystallised from 
alcoholic solutions of the two components in flocks of lemon-yellow 
needles, m. p. 250° (decomp.) (Found: C, 55-8; H, 5-5; N, 16-8. 
C13H,,0.N.,C,,H,O;N, requires C, 55-4; H, 52; N, 169%), 
very sparingly soluble in alcohol but freely in acetone. The picrate 
crystallised from a small volume of methyl alcohol in stout, pointed, 
bright yellow prisms, softening at 80—82°. After drying in a vacuum 
at room temperature, the crystals became opaque and then had m. p. 
161—162° (Found for the dried specimen : C, 49-5; H, 4-5; N, 15-0, 
Cy3H,,0.N,,C,H,0,N, requires C, 49-2; H, 4:5; N, 15-1%). 

5-Methory-1 : 3-dimethyl-3-B-aminoethylindoline (V1).—The indo- 
linone base (1-6 g.) in 25% sulphuric acid (100 g.) was submitted to 
electrolytic reduction at a lead cathode for 34 hours by means of a 
current of 0-15 amp./cm,?._ The solution, basified with ammonia 
after elimination of most of the acid as barium sulphate, gave an oil 
(1-5 g., isolated by means of chloroform), the picrolonate of which, 
m. p. 248—250° (decomp.) after the first crystallisation, was identical 
(mixed m. p.) with that of the starting material. 

The base (1-5 g.) in boiling isoamyl alcohol (15 g.) was reduced 
with sodium (0-8 g.), added during 1 hour. Water (15 c.c.) and then 
concentrated hydrochloric acid (6—7 c.c.) were added to the cold 
solution, the alcoholic layer was washed with very dilute acid, and 
the combined aqueous solutions were basified with ammonia. 
A dried chloroform extract of the turbid liquid was evaporated, 
leaving a red-brown oil (1-3 g.) which gave, in alcoholic solution, an 
impure picrolonate, m. p. 200—205° (decomp.). The crude base 
(1 g.) was distilled, and an almost colourless oil (0-79 g.) obtained, 
b. p. 113—116°/1 mm. (oil-bath at 150°) (Found: C, 70-5; H, 


* An attempt to nitrate phthalhydrazide gave a quantitative yield of 
phthalic acid. 
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8-2; N, 12:3; MeO, 13-9. C,,;H,,ON, requires C, 70-9; H, 9-1; 
N, 12:7; MeO, 14-1%). The picrolonate prepared from the purified 
indoline had m. p. 214—215° (decomp.). After three crystallisa- 
tions from glcohol, in which it was moderately easily soluble, 
the salt was obtained in light brown, tiny, crystalline aggreg- 
ates, m. p. 220° (decomp.) (rapidly heated) (Found: C, 57-0; 
H, 5:8; N, 17:4. Cyg3HsON,,C,)H,O;N, requires C, 57-4; H, 5-4; 
N, 17-4%). With alcoholic picric acid the base yielded a deep 
red picrate, crystallising from methyl alcohol in long rhombic 
plates, m. p. 159° (Found: C, 51:2; H, 48; N, 156. 
Ci3H.ON,,C,H,0,N, requires C, 50-8; H, 5-1; N, 15-6%). 

Product containing Dehydronoresermethole (VII).—A solution of 
the amine (IV) (5-5 g.) in dry xylene (20 c.c.) was heated under 
reflux with phosphoric oxide (oil-bath at 170°) for 6 hours. The 
xylene was then decanted, and the solid residue dissolved in ice- 
water, shaken with ether, and basified with sodium hydroxide. 
The precipitated oil, isolated and dried in chloroform, distilled as a 
straw-coloured gum (4-2 g.), b. p. ca. 145—155°/1 mm. (Found : 
C, 69-9; H, 7-3; N, 12-4. C,,3H,,ON, requires C, 72-2; H, 7:4; N, 
130%. Cy3H,gO.N, requires C, 66-6; H, 7-7; N, 120%). This 
base gave with methyl iodide a white amorphous powder, readily 
soluble in alcohol, acetone, and chloroform. With hot alcoholic 
picrolonic acid, a lemon-yellow picrolonate was obtained in 70—75%, 
yield, m. p. 250° (decomp.) alone or mixed with the picrolonate of 
the parent base, 5- methoxy - 1 : 3 - dimethyl - 3-8 -aminoethy] - 2 - 
indolinone. 

dl-Noresermethole (VIII).—The crude dehydronoresermethole (VII) 
(1 g.) in ethyl acetate (10 c.c.), in a suspension of platinum (produced 
from 0-1 g. of platinum oxide) in the same solvent (10 c.c.) absorbed 
only 10 c.c. of hydrogen after 16 hours. The experiment was 
repeated with a sample of catalyst reduced in the presence of the 
base: hydrogen was steadily absorbed (5 c.c./hour), reduction 
ceasing when 83 c.c. had disappeared (theory requires 103-7 c.c.). 
The filtered solution was warmed with alcoholic picrolonic acid, and 
the yellow crystalline picrolonate of dl-noresermethole precipitated 
(1-9 g.) was purified by extraction with alcohol in a Soxhlet apparatus ; 
it had m. p. 227° (decomp.), was very sparingly soluble in boiling 
alcohol, acetone, and chloroform, and crystallised in yellow diamond- 
shaped plates (Found: C, 56-4, 55-9; H, 5-0, 5-5; N, 17-1, 16-7. 
C,3;H,,ON,,C,>H,0;N,,4H,O requires C, 56-4; H, 5-5; N, 17-:1%). 
The picrolonate (1-9 g.) was suspended in methyl alcohol (10 c.c.) 
and warmed with concentrated hydrochloric acid (2 c.c.). After 
12 hours’ keeping in the ice-chest, the picrolonic acid (1 g.) was 
collected, and the filtrate and aqueous washings were warmed to 
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50° under diminished pressure to eliminate alcohol. A further very 
small precipitate was then removed, and the solution basified with 
ammonia. By chloroform extraction a reddish liquid (0-86 g.) was 
recovered which distilled in a high vacuum, giving an almost 
colourless oil (0-76 g.), b. p. 130—132° (bath temperature, 170°) 
(Found: C, 70-1; * H, 8-2; N, 12-6. C,,H,,ON, requires C, 71-6; 
H, 8-2; N, 128%). The methosulphate, prepared by heating under 
reflux a benzene solution of the base and excess of methyl] sulphate, 
and the methiodide, from a concentrated alcoholic solution of the 
base and methyl iodide, separated as almost colourless, viscous 
syrups. With alcoholic picric acid, they each formed a reddish- 
yellow gum which crystallised from alcohol (charcoal) in tiny red 
leaflets. The methopicrate (IX) dissolved in alcohol to a light 
yellow solution and after three crystallisations was obtained in 
bright red, irregular, hexagonal leaflets, m. p. 183—184° (Found : 
C, 53-0; H, 5-3; N, 15-0. C,,H,;0,N, requires C, 53-1; H, 5-3; 
N, 14:7%). At the melting point the crystals shrink, then wet the 
sides of the capillary tube, and subsequently quickly darken and 
decompose. Therefore we consider that decomposition follows, and 
does not precede, fusion. 

A mixture of this dl-picrate with the natural active picrate 
(loc. cit.), m. p. 194°, has m. p. 183—184° whether the proportion is 
1:1 or 1:3; there is certainly no depression of the m. p. of the 
inactive picrate. 

The methopicrate which was the subject of the synthesis described 
in Part V (loc. cit.) is available in active and inactive forms, m. p. 
132—133° and 193—195°, respectively, and in this case identity 
of constitution is established. i 

All mixtures of these salts at least soften at the lower 
temperature (132°), and not below. We do not put forward 
these observations as proof of the identity of our new metho- 
picrate with the salt of natural origin, but, considering the 
great resemblance of the active and inactive salts in their general 
properties, we are of the opinion that the title of this communication 
will be justified in the sequel. 


THe Dyson PEeRRINS LABORATORY, 
THE UNIVERSITY OF OXFORD. [Received, March 2nd, 1932.] 


* Compare Part II, this vol., p. 304, for a discussion of similar low figures 
for carbon content, 
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192. Synthetical Experiments on the Nature of Betanin 
and Related Nitrogenous Anthocyanins. Part I. 


By (Mrs.) Atic—e Mary Rosinson and RoBertT ROBINSON. 


In 1918, Willstatter and Schudel (Schudel, Dissertation, Ziirich) 
isolated an anthocyanin of entirely novel type from Beta vulgaris. 
Its unusual instability necessitated the development of a new 
technique for its purification, the essential feature of which was the 
extraction of the colouring matter from aqueous solution by means 
of an organic solvent, for example, a mixture of isoamyl] alcohol and 
acetophenone, containing picric acid or, better, dichloropicric acid. 
Ultimately, the anthocyanin, betanin chloride, was crystallised and 
by means of alcoholic hydrogen chloride it yielded “ betanidin 
chloride ’’ and a sugar. Although the compositions of these sub- 
stances were not ascertained, the remarkable feature was clearly 
established that betanin and betanidin contain nitrogen. 

Professor Willstatter has kindly communicated to us that analyses 
of betanidin chloride made in his laboratory in October, 1919, gave 
N, 5-42, 5-28, 5-30%. He has also informed us that the beet is not 
unique and that similar pigments occur in the cockscomb (Celosia 
cristata, L.) and in winter spinach (Atriplex hortensis atrosanguineus). 

The correct interpretation of the nitrogen content of betanidin is 
not clear, since the figures quoted are a little too high even for a 
monohydroxyaminoflavylium chloride (N, 5-1%) and considerably 
above the theoretical requirements for the more probable di- or 
tri-hydroxyaminoflavylium salt. 

The work described in the sequel supports by analogy the view 
that betanin is a member of the flavylium salt series, and in that 
case it must (a) be derived from a very simple aminohydroxy- 
flavylium salt, or (b) contain two nitrogen atoms in the molecule, or 
(c) be contaminated with nitrogenous impurity such as an ether of 
chlorostyphnic acid (derived by replacement of one of the reactive 
chlorine atoms of dichloropicric acid). 

In order to determine whether a good prima facie case could be 
made for the aminoflavylium salt hypothesis we proposed to 
synthesise the various types and examine their properties. 

Ridgway and Robinson (J., 1924, 125, 2240) have already pre- 
pared some acylated 3-aminoflavylium chlorides and found that on 
hydrolysis by means of acids the acylamido-group is replaced by 
hydroxyl. Attempts to effect the direct synthesis of 3-amino- 
flavylium salts have not been successful. We now describe some 
4’-aminoflavylium salts, and experiments on 5- and 7-amino- 
flavylium salts are in progress. 
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The colour reactions of betanin suggest that the hydroxyl in 
position 4’ of the ordinary anthocyanins is absent (or modified by 
substitution) and the properties of the simpler salts bearing an amino- 
group in that position are not unlike those of the beet pigment. In 
one respect, however, there was a considerable difference ; the bluish- 
red solutions of the aminoflavylium salts became orange-yellow on 
the addition of mineral acid in excess, whereas the beet pigment, 
and also that of Atriplex hortensis, remains bluish-red in moderately 
high acid concentrations and there is a change to a red colour devoid 
of blue tinge only in concentrated hydrochloric acid solution. By 
condensing $-resorcylaldehyde with 4-amino-w-hydroxyacetophenone, 
however, we have obtained a flavylium salt, probably 4’-amino- 
3: 7-dihydroxyflavylium chloride, the properties of which are not 
unlike those of betanin, especially the colour and the degree of 
stability in alkaline and in acid solution. The absorption of light in 
the visible region (Fig. 2) by 0-1% hydrochloric acid extracts of 
beet and of atriplex hortensis is compared with that of an alcoholic 
solution of the aminodihydroxyflavylium salt. It will be observed 
that the two natural pigments may be identical, since the only 
divergence is probably caused by a difference in the concentration 
of the solution. 

A description of 4’-amino-3 : 7-dihydroxyflavylium chloride is 
reserved, since the analytical data cannot yet be interpreted satis- 
factorily. We have prepared a large number of salts in this group 
which have similar general properties but give ambiguous analytical 
results. Only a few well-characterised members of this group will 
now be described. 

The usual flavylium salt synthesis, consisting in the condensation 
of an o-hydroxybenzaldehyde with an acetophenone derivative with 
the aid of hydrogen chloride in formic acid, ether, or ethyl acetate 
solution, may be employed with acylamido-derivatives, but it does 
not give good results with the free aminoacetophenones. Ultimately 
we found it best to prepare the Schiff base by condensation of the 
o-hydroxybenzaldehyde derivative with the aminoacetophenone 
derivative; this was then dissolved in cold concentrated hydro- 
chloric acid, and the solution saturated at 0° with hydrogen chloride. 
The imines were thus transposed and gradually yielded flavylium 
salts, one possible view of the course of the change being that 
hydrolysis of the Schiff base was followed by recondensation of the 
products. 

The most readily crystallisable salts of definite composition were 
found to be the perchlorates. In this way we obtained 4’-amino- 
7-methoxyflavylium perchlorate (1) and 4'-amino-8-methoryflavylium 
perchlorate. 
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4’-Amino-5 : 7-dimethoxyflavylium perchlorate could, however, be 
obtained by direct condensation of the appropriate components and 
treatment with perchloric acid. 


clo, 


C10, 
_—~ ~~ 

mene << NH, Me (i NH, 
tal ee (II.) 


The Schiff-base method was used for the preparation of 4’-amino- 
3-hydroxy-7-methoxyflavylium perchlorate (11). 

In all these salts the amino-group has a much greater power as 
an auxochrome than hydroxyl, and comparison of (II) with (I) 
shows that the strong effect of a hydroxy] in position 3 in deepening 
the colour of flavylium salts is also observed in the series under 
discussion. 

The rhodamines are a class of substances in which substituted 
basic amino-groups are associated with the pyrylium nucleus. 
Furthermore, Buck and Heilbron (J., 1923, 123, 1395) have prepared 
4’-dimethylamino-2-styrylbenzopyrylium salts and made a close 
study of the behaviour of the substance. It forms a green per- 
chlorate (III) and an orange-yellow diperchlorate as well as a series 
of complex double salts; on dilution the aqueous solutions become 
violet and then pure blue as the result of the formation of the 
kation (IV). Buck and Heilbron reported ws ., 1922, 121, 1198) that 


C10, 


ox CH: CHK > <NMe, rg _>=NMe, 
i a (III.) (IV.) 


solutions of og RE oy aa Sad chloride also became 
deep blue on high dilution : this phenomenon they attributed to the 
formation of the quinonoid colour base (IV, O in place of NMe,). 


EXPERIMENTAL. 


2-Hydroxy-4-methoxybenzaldehyde.—The  semi-methylation of 
§-resorcylaldehyde as prescribed by Kalle and Co. (D.R.-P. 214153) 
gave very poor results. 

A mixture of $-resorcylaldehyde (10 g.), acetone (150 e.c.), methyl 
iodide (6 c.c.), and powdered potassium carbonate (10 g.) was 
refluxed for 80 minutes (optimum), and most of the acetone then 
removed by distillation. Water was added, and the dimethyl ether 
collected ; the filtrate was acidified and steam-distilled, giving the 
pure monomethy] ether (5-4 g., m. p. 41°). . 

4- Amino - w - acetoxyacetophenone.—To 4-nitro-«w-acetoxyaceto- 
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phenone (Bradley and Robinson, J., 1928, 2907) (5 g.), suspended in 
a boiling solution of crystallised ferrous sulphate (50 g.) in water 
(250 c.c.), aqueous ammonia (30 c.c.; d 0-880) was slowly added, and 
the liquid was boiled for 2—3 minutes and filtered. The amino- 
ketone crystallised on cooling and was recrystallised from hot water, 
forming pale yellow prisms (2-8 g.), m. p. 129—130° (Found: C, 
61-8; H, 5-7; N, 7-4. C,)9H,,0O,N requires C, 62-2; H, 5-7; N, 
73%). This substance is readily soluble in the simple alcohols, 
reduces Fehling’s solution, slowly in the cold and rapidly on on 
and is readily diazotisable. 

4’- Amino-8-methoxyflavylium _ Perchlorate.-—4-o- Vanillylidene- 
aminoacetophenone, obtained by heating a solution of o-vanillin 
(1-5 g.) and p-aminoacetophenone (1-35 g.) in alcohol (20 c.c.), 
crystallised from ethyl alcohol in orange prisms (2-6 g.), m. p. 130° 
(Found: C, 71-6; H, 5-4; N, 53. C,,H,,0O,N requires C, 71-4; 
H, 5-6; N, 5-2%). 

A solution of this intermediate (2-6 g.) in the minimum of con- 
centrated hydrochloric acid, cooled in ice-water, was saturated with 
hydrogen chloride for 6 hours. After some hours the liquid was 
filtered and mixed with 20° aqueous perchloric acid, and the solid 
collected. The perchlorate crystallised from acetic acid or 20%, 
perchloric acid in dark crimson needles (Found: C, 54-8; H, 4-3; 
N, 3:5; Cl, 9-2. C,,H,,O,NCI requires C, 54-6; H, 4-0; N, 4-0; 
Cl, 10-1°%). The salt is easily soluble in methyl and in ethyl alcohol 
to wine-red solutions, which become yellow on the addition of 
sodium carbonate and red again on re-acidification; it is sparingly 
soluble in acetone or water. 

4’- Amino-7-methoxyflavylium Perchlorate (1).—A_ solution of 
2-hydroxy-4-methoxy benzaldehyde (0-5 g.) and 4-aminoacetophenone 
(0-45 g.) in a little alcohol was boiled for a few minutes; on cooling, 
4-(2’-hydroay-4’ -methoxybenzylideneamino)acetophenone separated. It 
crystallised from alcohol in yellow plates (0-7 g.), m. p. 159—160° 
(Found: C, 71-2; H, 5-6; N, 53. C,,H,,0,N requires C, 71-4; 
H, 5-6; N, 52%). 

This Schiff base (6-7 g.) was treated as the previous one (con- 
centrated hydrochloric acid, 400 c.c.; saturation, 18 hours). 
4’-Amino-7-methoxyflavylium perchlorate, collected after several 
days, crystallised from acetic acid (6 litres) or aqueous perchloric 
acid in reddish-brown needles (Found in air-dried material : C, 52-2; 
H, 4:2; N, 3-2; Cl, 10-0. C,,H,,O,NCI,H,O requires C, 52-0; H, 
4-3; N, 3-8; Cl, 9-6%). 

The salt is readily soluble in the simple alcohols to deep bluish- 
red solutions exhibiting a fine green fluorescence; a very dilute 
solution in acetic acid also exhibits this property. It is readily 














EXPERIMENTS ON THE NATURE OF BETANIN, ETC. PARTI. 1443 


soluble in dilute hydrochloric acid and can be diazotised. Addition 
of sodium carbonate to an alcoholic solution gives a colourless 
solution of the pseudo-base; the eosin-red colour of the oxonium 
salt is quantitatively regenerated on addition of hydrochloric acid. 
The solution in an excess of hydrochloric acid is orange-yellow. 
Trituration of the solid salt with aqueous sodium acetate gives the 
chocolate colour-base, which is readily soluble in organic solvents, 
e.g., chloroform, to red solutions. The perchlorate itself is slightly 
soluble in chloroform to a bluish-red solution. 

4’-Amino-5 : 7-dimethoxyflavylium Perchlorate—A _ solution of 
4 : 6-dimethoxy-2-hydroxybenzaldehyde (0-45 g.) and 4-amino- 
acetophenone (0-34 g.) in concentrated hydrochloric acid (20 c.c.) 
was kept for a day, filtered, and mixed with 20% perchloric acid. 
After a day, the perchlorate was collected and crystallised from 
aqueous perchloric acid, forming bright scarlet prisms (Found 
in air-dried material: C, 486; H, 49; N, 30; Cl, 84. 
C,,H,,0,NC1,2H,O requires C, 48-9; H, 48; N, 3-4; Cl, 8:5%). 
This salt is freely soluble in the simple alcohols to orange-red solu- 
tions, the blue tone being conspicuously absent; on dilution with 
water a yellow solution with an intense green fluorescence is obtained. 

The diazotisable amino-group was recognised in the yellow acid 
solutions of the salt. Trituration with aqueous sodium acetate 
gives a brown colour-base which is soluble in chloroform to a deep 
brown-red solution. Addition of sodium carbonate to an alcoholic 
solution gives a deep brown-yellow fluorescent solution, and no 
colourless pseudo-base has been observed in this case. 

4’. Amino-3-hydroxy-7-methoxyflavyliwm Perchlorate (I1).—The 
crude Schiff base obtained by the condensation of 4-amino-w- 
acetoxyacetophenone (0-97 g.) and 2-hydroxy-4-methoxybenzalde- 
hyde (0-76 g.) in absolute alcohol had m. p. 150—152° (yield, 1-4 g.) 
and crystallised from alcohol in yellow plates, m. p. 155—156°. 

A solution of the base (5-57 g.) in concentrated hydrochloric acid 
(300 c.c.) was saturated with hydrogen chloride at 0°, condensation 
to a pyrylium salt occurring more readily than in the analogous 
case in which the w-acetoxy-group was not present. The reaction 
was completed in 6 hours and the filtered solution was mixed with 
20°, aqueous perchloric acid and kept for several days to allow 
complete separation of the perchlorate, which crystallised from much 
glacial acetic acid (6 litres afforded 1-2 g. of crystals and did not 
suffice for the solution of the whole product) in long hair-like needles, 
almost black in mass (Found in material dried at 110° in a high 
vacuum over phosphoric oxide : C, 47-6; H, 4-7. C,,H,,0,NC1,2H,O 
requires C, 47-6; H, 45%). Estimation of the nitrogen content in 
this salt gave a low result and it is possible that a portion of the 
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amino-nitrogen has been replaced by hydroxyl. Direct examination 
of the salt did not, however, confirm this view, because ordinary 
anthocyanidin-type flavylium salts appeared to be absent. 
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precipitation of the colour-base, but in the presence of sodium 
carbonate or sodium hydroxide the colourless pseudo-base is pro- 
duced, and this is also converted into the red pyrylium salt by the 
action of mineral acids. 

The symbols I, I, III, and IV refer to 8-methoxy-, 7-methoxy-, 
5 : 7-dimethoxy-, and 3-hydroxy-7-methoxy-4’-aminoflavylium per- 
chlorate, respectively, and the bands were observed with 0-25N /104- 
solutions in 0-1°% methyl-alcoholic hydrogen chloride in a cell of 
20 mm., except where stated otherwise. 


THE Dyson PERRINS LABORATORY, UNIVERSITY COLLEGE, LONDON. 
UNIVERSITY OF OXFORD. [Received, March 3rd, 1932.] 





193. The Orienting Influence of Free and Bound 
Ionic Charges on Attached Simple or Conjugated 
Unsaturated Systems. Part VI. Nitration of 
Phenylalkylsulphones. 


By WiLtiAM ALFRED BALDWIN and RoBERT RoBINson. 


In accordance with the theory first put forward by Allan, Oxford, 
Robinson, and Smith (J., 1926, 401) a side-chain group (A) * which, 
relatively to hydrogen, repels electrons must, when replacing hydro- 
gen in the substance which is the standard of comparison, tend to 
increase the ratio of op-substitution to m-substitution. 

A group (B) which, relatively to a hydrogen atom, is electron- 
attracting tends to promote m-substitution. When this hypothesis 
was originally propounded (loc. cit.; Ing and Robinson, ibid., p. 
1659) alternative mechanisms for the latter effect were suggested 
and, of these, the most simple and at present the most acceptable 
was the theory of “ penultimate ” substitution which allows the 
mechanisms associated with (A) type groups and (B) type groups to 
be identified in principle. 

According to this view inductive, general, or field effects over the 
nucleus operate to differentiate the intensity of the electrical fields 
at the unsaturated carbon atoms. The carbon atom at which the 
density of electrons is greatest then becomes most readily the posi- 
tive end of a simple or conjugated unsaturated system (enoid or 


* Such groups have the effect of increasing the intensity of the negative 
electrical fields over the nucleus and clearly the inductive effect should be 
symbolised as — J and not + J. Similarly, all the electrical polarity signs 
used in recent years in this Journal and the Annual Reports in connexion with 
inductive (general) and electromeric (tautomeric) effects should be reversed. 
—R. R. 
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polyenoid). The next most probable polarisations are then easily 
identified on the same grounds. 

These results can also be reached by considering the repulsion or 
attraction of electrons in the electromeric systems, as affected by 
the field developed by the substituent (A or B). In the annexed 
scheme (a), (b), (c) represent the possible polarisations (leading to 
anionoid reactivity) in order of probability, (a) being the most 
probable. In order to emphasise the identity of the theory for op- 
and m-substitutions a single expression serves for molecules contain- 
ing (A) or (B) oriented as shown : 


(A) 
S JN Y° 
| Y | iY | (v6 | 
\F \F NZ (a) 
5 (c)—all_ electromeric 
changes in a direction 
opposed to the field (—). 


Whatever view of the mechanism prevails, the general accuracy of 
the deductions to be made from these schemes in regard to the 
results of substitutions has been confirmed in a large series of sub- 
stances. Only a few special cases remain for consideration and among 
these the arylalkylsulphones offer a feature of interest. 

The nitration of phenylmethylsulphone was studied by Smiles 
and Twist (J., 1925, 127, 1250), who found that the m-nitro- 
derivative was produced in 96—98% yield. Consequently, since 
it is possible to vary the alkyl group, the series affords an opportunity 
of observing the anticipated effect (promotion of op-attack) of 
substitution of methyl for hydrogen exerted by way of, through, 
or across an almost exclusively m-directive group. 

Furthermore the (B) type character of the sulphone group is due 
to its co-ordinate links and consequent dipole and it is directly 
attached to the nucleus. It is thus a unique group, differing from 
-NR,* in its total electrical neutrality and from —CO- in the lack of 
any conjugation with the nucleus. 

The point to be determined by experiment was whether the 
electron repulsive (—F') properties of the higher alkyl groups can so 
modify the field of the sulphur atom (+) that a perceptible diminu- 
tion of m-orientation in Ph-SO,°R as compared with Ph-SO,*Me can 
be detected. It was obvious that the op-tendency must be present, 
but the magnitude of the effect relative to the m-direction by the 
sulphone group could not be forecast. The only known facts which 
appeared to bear on this: problem were the results of nitration of 
m-nitrotoluene and m-tolyltrimethylammonium salts. In _ these 
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cases the substitution occurs exclusively op to the nuclear methyl 
group. 

In the present case the alkyl groups also appear to be comparable 
with the sulphone group, because, although comparatively remote 
from the nucleus, a small depression of m-substitution as the size 
of the alkyl group increases has been observed. The sulphones 
examined have given the following results on nitration. Phenyl- 
methylsulphone (m-nitro, 98-5%); Ph-SO,-R, R = Et (m, 96-0%), 
R = Pr: (m, 93-1%), R = n-Bu (m, 85-7%); R = Pré (m, 80-0%). 

It is very probable that in all cases where two opposing effects are 
present the existence of phases, due to the accidents of the approach 
of polarised molecules and perhaps other circumstances, must be 
contemplated. Thus the static condition, Ph>-SO,-<R may 
be temporarily disturbed so as to give in effect Ph—SO,-<R 
and it must be remembered that such a molecule will have greatly 
enhanced anionoid reactivity. 

The same view probably applies to the nitration of m-nitrotoluene 
and similar cases. The nitroxyl is temporarily electrically neutral- 
ised by solvent molecules and the molecule freed from the de- 
activating influence of the positive field is rapidly substituted and 
naturally in the op-positions to the methyl group. 

The shares of static and dynamic conditions of the molecules in 
producing these effects can only be estimated after we have gained 
a far more intimate knowledge of molecular dipole moments and a 
clearer understanding of their interpretation. 

The details of the experimental work call for little comment; the 
nitrations were effected by means of an excess of fuming nitric acid 
at room temperature and the products were examined by a modi- 
fication of Francis and Hill’s method of reduction and bromination. 

All the isomerides that might be produced were synthesised and 
the analytical procedure was controlled by the analysis of mixtures 
of known composition. 


EXPERIMENTAL. 


Preparation of the Sulphones.—The requisite phenylalkylsulphones 
were prepared by alkylation of sodium benzenesulphinate and the 
latter was obtained by a modification of Limpricht’s method intro- 
duced for the preparation of sodium m-nitrobenzenesulphinate (Ber., 
1892, 25,75, 3477). Benzenesulphony] chloride (35 g.) was gradually 
added (about 2 drops in a second) to a solution of crystallised 
sodium sulphite (95 g.) in water (90 c.c.) at 50° and mechanically 
stirred. The temperature usually rose to 70—80° and an alkaline 
reaction was maintained by the addition of sodium hydroxide when 
necessary. When the process was completed and the liquid had 
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cooled to 25—30°, it was acidified with hydrochloric acid and the 
stirring continued for 3—4 hours; the white flocculent precipitate 
was then collected (yield of dry product, m. p. 82—83°, 27 g.). 

Phenylmethylsulphone was prepared in the following manner. 
Benzenesulphinic acid (28 g.) and methyl sulphate (100 g.) were 
vigorously stirred and sodium hydroxide (50 g.) in water (200 c.c.) 
was added at such a rate that the temperature did not exceed 40°. 
Stirring was continued until the sulphone crystallised, the 
strongly alkaline mixture was then refluxed for 2 hours, and the 
product collected after cooling and recrystallised from water (yield, 
24 g.; m. p. 87—88°). 

The higher homologues were all prepared by interaction of 
sodium benzenesulphinate (1 mol.) with the corresponding alkyl 
halide (1-25 mols.) (ethyl iodide, isopropyl iodide, n-propyl bromide, 
n-butyl bromide) in boiling alcoholic solution and the yields were 
80—85°% in all cases. 

Phenylethylsulphone crystallised from 70°% alcohol in colourless 
plates, m. p. 42°. 

Phenylisopropylsulphone is a very pale yellow oil, b. p. 145— 
150°/1 mm, (Found: S, 17:3. Cale. for CyH,,0,8: 8, 17-4%) 
(compare Otto and Otto, Ber., 1888, 21, 998). 

Phenylpropylsulphone crystallised from 40% acetic acid in colour- 
less hexagonal plates, m. p. 46° (Otto and Otto, loc. cii.). 

Phenyl-n-butylsulphone is a faintly yellow, viscous oil, b. p 
165—170°/1 mm. (Found : 8, 16-0. C, >H,,0,S requires 8, 16-2%). 

Preparation of the o-, m-, and p-Nitro-derivatives of the Phenylalkyl- 
sulphones.—The m-nitro-compounds were obtained in the same 
way as the parent substances from sodium m-nitrobenzenesulphinate 
(Limpricht, oc. cit.). 

m-Nitrophenylmethylsulphone crystallised from 30°% acetic acid 
in colourless needles, m. p. 148° (compare Twist and Smiles, loc. cit.). 

m-Nitrophenylethylsulphone crystallised from methyl alcohol 
in colourless rhombic plates, m. p. 101—102° (compare Limpricht, 
Annalen, 1893, 278, 245). 

m-Nitrophenylisopropylsulphone crystallised from benzene-light 
petroleum (1 : 3) in colourless rhombic plates, m. p. 113° (Found : 
N, 6-2; 8, 13-8. C,H,,0,NS requires N, 6-1; 8S, 14-0%). 

m-Nitrophenyl-n-propylsulphone crystallised from methyl aleohol 
in colourless prisms, m. p. 80° (Found : N, 6-2; 8S, 13-8%). 

m-Nitrophenyl-n-butylsulphone was isolated from the reaction 
product by means of ether and distilled, b. p. 215°/3 mm., as a 
viscous, pale yellow oil (Found: N, 5-8; 8, 13-3. C,)H,,;0,NS8 
requires N, 5-8; 8, 13-2%). 

In all the above cases the yields exceeded 80°, of the theoretical 
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and the crystalline products were identified with the substances 
obtained by the nitration of the phenylalkylsulphones (see below) 
by the undepressed melting points of mixtures. 

The p-nitro-compounds were prepared by Waldron and Reid’s 
method (J. Amer. Chem. Soc., 1923, 45, 2400) from the corres- 
ponding sulphides, but hydrogen peroxide was a more convenient 
oxidising agent than chromic acid. The substances agreed in 
properties with those described by Waldron and Reid (Found for the 
series of sulphones : N, 7-0, 6-6, 6-2, 6-2, 5-8. Cale.: N, 7-0, 6-5, 6-1, 
6-1, 5-8°%, respectively). 

The o-nitrophenylalkylsulphones were likewise obtained from 
the sulphides by oxidation with hydrogen peroxide following the 
method of Claasz (Ber., 1912, 45, 1023). 

o-Nitrothiophenol was methylated according to the method of 
Brand (Ber., 1909, 42, 3465) and converted into its ethyl and n-propyl 
ethers by the method of Foster and Reid (J. Amer. Chem. Soc., 
1924, 46, 1936). The isopropyl and n-butyl ethers were obtained 
in a similar way. 

o-Nitrophenylmethylsulphone (Brand, loc. cit.) sinters at 100° 
and then melts at 106°. 

o-Nitrophenylethylsulphone, readily obtained from the corres- 
ponding sulphide by means of hydrogen peroxide (but not chromic 
acid; compare Foster and Reid, loc. cit.), crystallised from ethyl 
alcohol in colourless rectangular plates, m. p. 45-5° (Found : N, 6-6; 
S, 14-7. C,H,O,NS requires N, 6-5; S, 14-9%). 

o-Nitrophenyl-n-propylsulphone crystallised from ethyl alcohol 
in colourless hexagonal tablets, m. p. 60-5° (Foster and Reid, loc. cit., 
give m. p. 50°) (Found: N, 6-1; 8, 13-8. Calc. for C,H,,0,NS: 
N, 6-1; 8, 14:0%). 

o-Nitrophenylisopropylsul phone crystallised from alcohol in colour- 
less needles, m. p. 59-5° (Found : N, 6-1; 8, 140%). 

o-Nitrophenyl-n-butylsulphone was a faintly yellow oil, b. p. 
216—218°/3 mm. (Found: N, 5-8; 8, 12-9. C,)H,,0,NS requires 
N, 5-8; S, 13-2%). 

Method of Estimation of the m-Isomeride in Mixtures of o-, m-, 
and p-Nitrophenylalkylsulphones.—The method, essentially that of 
Francis and Hill (J. Amer. Chem. Soc., 1924, 46, 2494), depends 
on the reduction of the nitro-sulphones to amines, of which the o- and 
p-isomerides are dibrominated and the m-compound tribrominated. 

Each stage, however, offered considerable difficulty and variable 
results were obtained ; hence it was essential to investigate the be- 
haviour of each of the possible products and also mixtures of them. 
After a number of trials of other processes, including the use of 
titanous chloride, the nitro-compounds were reduced by means of 
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zine dust and hydrochloric acid. Clean, colourless solutions were thus 
produced and consistent results were rendered possible. The major 
difficulty was, however, the separation of partly brominated amines 
during the addition of potassium bromate. This obstacle was 
overcome by raising the temperature of the solution, which could 
be done without loss of bromine. 

Each product of nitration was first examined for the presence of 
nitrates and if these were absent the pure substance or mixture 
(ca. 0-1500 g.) was mixed with water (20 c.c.), glacial acetic acid 
(20 c.c.), and concentrated hydrochloric acid (15 c.c.) and reduced 
by means of titanous chloride (50 c.c. of a solution made from 
160 c.c. of 20% titanous chloride and 400 c.c. of concentrated 
hydrochloric acid made up to 1000 c.c.) under the usual conditions 
(Knecht’s method). Titration with a standard solution of ferric 
alum then gave the requisite information respecting the purity of 
the specimen (% of nitroxyl) ; this was used to control the homogene- 
ity of the synthetical, supposedly individual nitro-sulphones and 
also to give the yield in the nitration processes. 

In another experiment the substance or mixture under examina- 
tion (ca. 0-2500 g.), mixed with zinc dust (20 g.) and water (20 c.c.), 
was treated with concentrated hydrochloric acid (60 c.c.), added in 
portions of about 15 c.c.; further equal amounts of zinc and hydro- 
chloric acid were later introduced. The solution was filtered and 
the filtrate and washings were mixed with potassium bromide 
(15 c.c. of 20% solution) and concentrated hydrochloric acid (10 c.c.), 
making about 200 c.c. of liquid. After heating to 60—65° the 
solution was titrated with potassium bromate (1-245N), with 
starch—potassium iodide as the indicator; the temperature was not 
allowed to fall below 48°. Practice in judging the somewhat 
indefinite end-point was necessary and the end-point was not taken 
unless the clear blue ring on the indicator paper was obtainable 
after the solution had been kept for 10 minutes. The following results 
refer to the volume of bromate required (in c.c.) starting with 0-200 
g. of each of the pure isomerides. 


Ortho. Para. Meta. 
Rin NO,°C,H,SO,°R. Found. Theory. Found. Theory. Found. Theory. 
Methyl. .........2..008 32-7 31-9 32-7 31-9 48-2 47-8 
PONE cenetesctachesene® 30-4 29-8 30-4 29-8 45-2 44-7 
isoPropyl .......++++ 29-0 28:0 29:0 28:0 45:3 42-0 
n-Propyl  ......s.00e. 29-2 28-0 29-2 28-0 43-0 42-0 
Sg. a Te aan 27-2 26-4 27-2 26-4 41-7 39-6 


It will be observed that in each case the disparity of the recorded 
results for the o- (or p-) and the m-isomerides is quite adequate 
and it should be stated that the experimental and not the theoretical 
values were adopted in the analyses of mixtures. 
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The results of such analyses of artificial mixtures were the follow- 
ing : 


Mixture of isomerie nitro- Actual % of m-Isomeride 
phenylalky]-sulphones. m-isomerides present. found, %. 
Moathaath 0.5 pepdchsepycppens desyepenessp 72-0 71:8 
BM cagctctccenvisvesessnannsescesss 72-0 73-0 
SEE PII > wc sh ee cbntgth poveddensdens 72-0 72-5 
FET swiesiieesiiischanrnsvinen 72-0 71-6 
WUEGE is cbbis.cvincsdedsbacesins 67-2 67-4 


The Nitration of the Sulphones.—The sulphone (4-0 g.) was care- 
fully mixed with nitric acid (20 c.c., d!* 1-56, made by distilling 
fuming nitric acid over phosphoric oxide) at 0°, and the solution kept 
at room temperature. The mixture was added to ice, the nitric 
acid neutralised with sodium carbonate, and several hours allowed 
for complete separation of the product, which was collected, washed, 
and dried over sulphuric acid in a vacuum desiccator. 

Phenylmethylsulphone gave a 98-6% yield of mononitro-deriva- 
tives (m-, 98-5%) in 72 hours at 18°. 

Nitration of phenylethylsulphone without some loss was found to 
be impossible. At 18° for 8 hours a 95-5% yield was obtained 
(m-, 100°), but nitration at 10° for 4 hours gave only 93% (m-, 
96-3%). The average result for the nitration of phenylethylsulphone 
was m-nitro-isomeride, 96%. 

Phenyl-n-propylsulphone was nitrated at 18° for 4 hours (yield, 
98-6% ; m-, 93-1%). 

Phenylisopropylsulphone was nitrated at 7° for 6 hours (yield, 
100% ; m-, 80°0%). 

Phenyl-n-butylsulphone was nitrated at 18° for 2 hours; the 
product was isolated by means of ether and chloroform extractions 
of the neutralised reaction mixture (yield, 98-3% ; m-, 85-7%): 

In considering these results we have assumed that the yields are 
quantitative and the m-isomeride found then corresponds to the 
percentage formed in the nitration. The results for m-nitration are 
then the following: Ph-SO,°Me (98-5) ; Ph-SO,°Et (96-0) ; Ph-SO,°Pr 
(93-1); Ph-SO,°Pr* (80-0) ; Ph-SO,*Bu(n) (85-7%). 

The detailed examination of the ‘nitration of phenylethylsulphone 
indicated, however, that the op-isomerides were preferentially 
oxidised. 

Hence, the more the yields fall short of 100% the more will the 
op-content of the product have been under-estimated. Making all 
such allowances, the extreme limits of the possible results are not 
very widely separated and the validity of the general conclusion to 
be drawn from the results of this investigation cannot be affected 
by varying the interpretation of the experiments. 

THE UNIVERSITY OF MANCHESTER. [ Received, March 17th, 1932.] 
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194. The Influence of Bz.-Substituents upon Some 
Reactions of the Anthrones. Part I. 


By EpwaRD DE Barry BaRNetTrT and CoLiIn LESLIE HEWETT. 


SUBSTITUENTS in the side rings often profoundly affect the course of 
reactions involving the meso-carbon atoms, and, so far as can be 
judged at present, a methyl group exerts an influence very similar 
to that of a chlorine atom in the same position. This, however, is 
not an invariable rule, as is shown by the slight stability of 1 : 4- 
dimethylanthracene dibromide (Barnett and Low, Ber., 1931, 64, 
49) as compared with the very much greater stability of 1 : 4-di- 
chloroanthracene dibromide (Barnett, Matthews, and Wiltshire, 
Rec. trav. chim., 1926, 45, 926). In the case of an anthrone the 
reactions shown both by the methylene group and by the carbonyl 
group are affected by Bz.-substitution, and as several Bz.-dichloro- 
and Bz.-dimethyl-anthrones are now available it is proposed to study 
this point as systematically as possible. 

The condensation of anthrone with benzyl chloride in the presence 
of caustic potash leads to 10 : 10-dibenzylanthrone (II) (Hallgarten, 
Ber., 1888, 21, 2508), and 1-chloroanthrone (Barnett and Cook, J., 
1928, 566), 2- and 3-chloroanthrone (Barnett and Goodway, J., 1930, 
1348) behave in the same way. On the other hand, 1: 4-, 1:5-, 
1: 8-, and 4: 5-dichloroanthrone (Barnett and Goodway, Barnett 
and Cook, loc. cit.; Barnett and Wiltshire, Ber., 1929, 62, 3063) all 
give the 10-benzylanthrone (I). 2: 3-Dichloroanthrone is except- 
ional and gives the benzylanthranyl benzyl ether (III) (Barnett, 
Goodway, and Savage, Ber., 1931, 64, 2185). It has now been found 
that 1 : 3- and 2 : 3-dimethylanthrone both give dibenzyl compounds, 
and that 1: 4-dimethylanthrone remains almost unaffected under 
the same conditions. 2 : 4-Dimethylanthrone, like 4-chloroanthrone 
(Barnett and Cook, loc. cit.), gives only resinous products. 


0 O (-0-CH,Ph 
x’ >x x >X X¢|>x 
H-CH,Ph (CH,Ph), OH,Ph 


(I.) (II.) (III.) 


10-Nitroanthrone (IV) is readily converted into 10-nitroanthranyl 
acetate (V) by the action of acetic anhydride in cold pyridine solution 
(Barnett and Cook, J., 1923, 123, 2003), and 1-, 2-, and 3-chloro- 
anthrone all behave in the same way, whereas 4-chloro- and 1 : 5- 
and 1: 8-dichloroanthrone undergo complete decomposition, and 
4: 5-dichloroanthrone is unaffected (Barnett and Wiltshire, Ber., 
1930, 63, 1690). 
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0 -O-CO-CH, 


av.) x% >x xf |>x (v.) 
\ GENO, ‘No, 


The general conclusion drawn from these results was that a chlorine 
atom in position 4 or 5 prevents the conversion of a 10-nitroanthrone 
into the nitroanthranyl acetate by the pyridine—acetic anhydride 
method, and an examination of 1:4- and 2: 3-dichloro-10-nitro- 
anthrone has shown that they conform to this rule, the former 
undergoing complete decomposition and the latter giving a well- 
defined acetate. 

An examination of the Bz.-dimethyl-10-nitroanthrones has 
indicated that a methyl group at 1 exerts a similar influence to that 
of a chlorine atom at 4, although the results obtained are less definite 
than was hoped owing to the unforeseen difficulty in preparing 
10-nitro-2 : 4-dimethylanthrone. Of the three isomeric Bz.-di- 
methyl-10-nitroanthrones which have been prepared, only the 2 : 3- 
dimethyl compound is converted into an acetate, both the 1 : 3- and 
the 1 : 4-dimethyl isomeride undergoing profound decomposition. 

The action of bromine on an anthranyl methyl ether almost 
certainly consists primarily in addition to the meso-positions. 
The resulting dibromide (VI) is too unstable to isolate and can 
conceivably undergo decomposition in two ways, viz., by loss of 
methyl bromide with formation of the bromoanthrone (VII), or 
by transannular loss of hydrogen bromide with formation of the 
bromoanthranyl methyl ether (VIII) : 


iV Br-C-OMe Sx’ 
xX. . <— XxX< _ —_ xX 
\CHBr BrC:H 
(VII.) (VI.) re ) 


Both types of reaction are known, the latter taking place when 
anthranyl methyl ether is brominated (K. H. Meyer and Schlosser, 
Annalen, 1919, 420, 129), and the former when 1 : 5-dichloro- 
anthranyl methyl ether is treated in the same way (Barnett, Cook, 
and Matthews, Ber., 1925, 58, 976). This is rather surprising in 
view of the very depressed tendency for 1 : 5-dichloroanthracene 
dihalides to undergo transannular loss as compared with the corre- 
sponding compounds in which the Bz.-halogen atoms are absent. 

An examination of a series of Bz.-chloro- and Bz.-methyl-anthranyl 
methyl ethers has now been carried out, and the rather remarkable 
fact has emerged that those ethers in which a chlorine atom or a 
methyl group is in the peri-position to the methoxyl group show no 
visible fluorescence, even when their solutions are examined in the 
light of the arc lamp. The acetates, however, are all strongly 
fluorescent and so also are those ethers in which peri-substituents are 
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absent. No exceptions to this rule, which is empirical at present 
and for which no explanation is offered, have been discovered, and 
all the following ethers have been found to obey it : 1- and 4-chloro-, 
1:4-, 1:5-, 1:8-, 4:5-, and 2 : 3-dichloro-, 1 : 3-, 1: 4-, 2: 3- and 
2 : 4-dimethyl-anthranyl methyl ether. All the above were obtained 
in the pure state with the exceptions of the 1-chloro- and the 1 : 4- 
dimethyl compound. Both of these refused to crystallise, but the 
solutions of the crude substances showed no fluorescence and the 
ethers were brought to analysis in the form of their maleic anhydride 
additive compounds (IX; R = C,H,Cl or C,H,Me,) : 


0 enc oe & 
C,H.< >R x >x 
0-CH-——C-H SCHAr 

(IX.) (X.) 


The ethers on bromination fall sharply into two classes, viz., those 
in which little or no hydrogen bromide is evolved and the bromo- 
anthrone (VII) is formed (1 : 4-, 1 : 5-, and 4: 5-dichloro- and | : 4- 
and 2: 4-dimethyl-anthranyl methyl ethers), and those in which 
there is copious evolution of hydrogen bromide and formation of the 
bromoanthranyl methyl ether (VIII) (anthranyl methyl ether, 
1:8- and 2:3-dichloro- and 1:3- and 2 : 3-dimethyl-anthranyl 
methyl ethers). A substituent in the peri-position to the methoxyl 
group does not, therefore, affect the reaction, the production of the 
bromoanthrone depending on the presence of a substituent in the 
peri-position to the meso-hydrogen atom. The yields of the products 
indicate that in each case only one reaction takes place to any 
appreciable extent. 

The production of an alkylideneanthrone (X) by the condensation 
of an anthrone with an aromatic aldehyde in the presence of piperid- 
ine is also a reaction which is easily inhibited by Bz.-substituents. 
Thus anthrone readily gives 10-benzylideneanthrone (Cook, J., 1928, 
2160, where references to earlier work will be found), and 1 : 8- 
dichloroanthrone behaves in the same way, whereas | : 5- and 4: 5- 
dichloroanthrone fail to react (Barnett, Goodway, and Wiltshire, 
Ber., 1930, 63, 1690). It has now been found that 1 : 4-dichloro- 
and 1:4- and 2:4-dimethylanthrone all fail to give benzylidene 
derivatives, whereas benzylidene compounds are readily formed by 
1 : 3- and 2: 3-dimethylanthrone. 2 : 3-Dichloroanthrone also gave 
a benzylidene derivative, but the reaction was slow and the product 
contained unchanged anthrone. 


EXPERIMENTAL. 


1 : 8- and 4 : 5-Dichloroanthrone.—The reduction of 1 : 8-dichloro- 
anthraquinone to | : 8- and 4 : 5-dichloroanthrone by tin and hydro- 
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chloric and acetic acids was unaffected by the rate of addition of the 
hydrochloric acid (contrast the reduction of 1-chloroanthraquinone 
to 4-chloroanthrone: Speitel, Théses, Strasbourg, 1929; Barnett 
and Matthews, J., 1923, 123, 2631). Indeed the reduction was 
most quickly and conveniently done by boiling 50 g. of 1 : 8-dichloro- 
anthraquinone with 110 g. of crystallised stannous chloride, 125 c.c. 
of concentrated hydrochloric acid, and 800 c.c. of glacial acetic acid 
until the colour of the solution became pale (1—2 hours); the 
isomerides were separated in the way previously described (Barnett, 
Goodway, and Wiltshire, Ber., 1930, 63, 472), and 24 g. of pure 
4 : 5-dichloroanthrone obtained. 

10 : 10-Dibenzyl-1 : 3-dimethylanthrone (I1).—8 G. of 1 : 3-dimethyl- 
anthrone and 10 c.c. of benzyl chloride were boiled for 2 hours with 
a solution of 9 g. of potassium hydroxide in 30 c.c. of water. After 
being cooled and washed with water, the product was triturated with 
ether in a freezing mixture, and the resulting solid recrystallised 
from cyclohexane containing a little benzene. It then formed colour- 
less crystals, m. p. 206° (Found : C, 89-3; H, 6-4. C,,H,,0 requires 
C, 89-5; H, 6-5%). 

10 : 10-Dibenzyl-2 : 3-dimethylanthrone (II), similarly prepared and 
purified (it was found advantageous to remove volatile matter with 
steam before triturating with ether), formed colourless crystals, 
m. p. 199° (Found: C, 89-5; H, 66%). 

Nitroanthrones and Nitroanthranyl Acetates (IV and V).—In all 
cases the anthranyl acetate (0-02 mol.) was suspended in glacial 
acetic acid (25—50 c.c.) and 2-2 g. of nitric acid (d 1-42), diluted 
with 5 c.c. of glacial acetic acid, were added slowly at the ordinary 
temperature; the reaction was completed by warming for a few 
minutes at 50—70°. After cooling, the nitroanthrone was washed 
with glacial acetic acid and with methyl alcohol and recrystallised 
from benzene, with or without the addition of cyclohexane or light 
petroleum according to the solubility of the substance. The 
nitroanthrones all formed colourless crystals. 

Acetylation was effected by adding 3 c.c. of acetic anhydride to a 
solution or suspension of 3 g. of the nitroanthrone in 10 c.c. of cold 
pyridine. As soon as the red colour had faded (2—5 minutes) the 
whole was cooled in a freezing mixture and the crystals were collected 
and washed with methylalcohol. Itis essential that the preparation 
be carried out as rapidly as possible. Recrystallisation was effected 
from benzene or toluene. The acetates formed brilliant yellow 
crystals. 

In the following table the analytical figures refer to nitrogen, the 
calculated values being given in parentheses. All the compounds 
decompose at the melting point. 
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Bz,-Substituents. Nitroanthrone. Nitroanthrany] acetate. 
1; 3-Me, m, P- 4 fi ; f 2%) — 
1: 4-Me, m. p. 159°; 
2: 3-Me, m. p. 150°; $18 m. p. 242°; 446 (4 5%) 
1:4-Cl, m. p. 162°; 4-5 (4-55%) 
2; 3-Cl, m. p. indefinite; 4-6% mm. p. 225—230° ; 4-0 (4:0%) 


Anthranyl Methyl Ethers.—These were all prepared by boiling the 
anthrone (0-03 mol.) with alcohol (50—100 c.c.) under reflux and 
adding methyl p-toluenesulphonate and potassium hydroxide (50% 
aqueous solution) alternately in very small amounts until there was 
only a very slight difference in colour of the solution when alkaline 
and when neutral. It was then made strongly alkaline and boiled 
for a few minutes to destroy the excess of methyl toluenesulphonate. 
The less soluble chloro-ethers were isolated by dilution with methyl 
alcohol and cooling in a freezing mixture, the resulting solid being 
thoroughly washed with water to remove potassium toluenesulphon- 
ate. The more soluble methyl compounds were isolated by dilution 
with water, followed in the case of | : 3-dimethylanthranyl methyl 
ether by distillation in steam and extraction with ether. Puri- 
fication was effected by recrystallisation (charcoal) from methyl 
alcohol (A) or glacial acetic acid (B) and finally from light petroleum 
(C), cyclohexane (D), or benzene (E). The ethers were, with the 
exception of the l-chloro- and the 1 : 4-dimethyl-compound, yellow 
crystalline solids. They were all obtained in good yield with the 
exception of the 1 ; 3-dimethyl compound. Owing to the production 
of resinous matter the purification of this was difficult and the yield 
of the pure product did not exceed 10—15%. 

In the following table the analytical figures refer to carbon and 
hydrogen, the calculated figures being given in parentheses. The 
figures in the last column indicate the solvents used for purification 
(see above). 


Bz.-Substituents. M. p. and analysis. Solvents used. 

1: 3-Me, 58°. 86-1; 6-8 (86-4; 6-8) A,C 
2: 3-Me, it 86-3; 6-8 A, D 
2: 4-Me, 87°. 86-2; 6-9 A,C 

4-Cl 120°. 74-0; 4-6 (74-2; 4-5) A, D 
1:4-Cl, 130°. 65-2; 3-7 (65-0; 3-6) B, E 
1: 8-Cl, 173°. 65-0; 3-8 B, E 
2: 3-Cl, 147°. 64-9; 3-6 B, E 
4: 5-Cl, 145°. 64-7; 3-7 B, E 

1 - Chloro - 9 - methoxy-9 : 10 - dihydroanthraquinyl - 9 : 10-endo - «8- 


succinic Anhydride (IX; R = C,H,Cl).—1-Chloroanthrone was 
methylated as described above, and the solution diluted with water 
and extracted with xylene. To the washed and dried (calcium 
chloride) xylene solution, maleic anhydride (0-03 mol.) was added, 
and the whole boiled. Crystals commenced to separate in about 
10 minutes, and sufficient xylene was added to maintain a clear 
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solution. After 30 minutes the filtered solution was cooled, and the 
solid recrystallised twice from xylene and dried at 170°. The re- 
sulting colourless crystals melted at 266° (Found: C, 66-8; H, 3-9. 
C,9H,,0,Cl requires C, 66-9; H, 3-8%). 

9-Methoxy-1 : 4-dimethyl-9 : 10 - dthydroanthraquinyl - 9 : 10 - endo- 
af-succinic anhydride (IX; R = C,H,Me,) was prepared from the 
crude methylation product of 1 : 4-dimethylanthrone in the same 
way as the compound described above, but the boiling with maleic 
anhydride in xylene solution was prolonged for 4 hours and, owing 
to the solubility of the product, it was necessary to isolate it by the 
addition of light petroleum. After extraction with boiling ether to 
remove unchanged maleic anhydride the product was recrystallised 
from toluene and dried at 145°. It then formed colourless crystals, 
m. p. 259° (Found: C, 75-4; H, 5-5. C,,H,,0, requires C, 75-5; 
H, 5-4%). 

Bromination Experiments.—In all cases the ether was dissolved or 
suspended in carbon disulphide, cooled in a freezing mixture, and 
bromine (1 mol.), diluted with carbon disulphide, was added slowly. 
After being kept for 30 minutes at the ordinary temperature, the 
whole was very gently warmed for 2 or 3 minutes, and the solvent 
then removed in a vacuum at the ordinary temperature. Bromo- 
anthrones (yield, usually about 90°) were identified, after recrystal- 
lisation, by comparison, as such and also as the derived piperidino- 
anthrones, with authentic samples. 

1 : 4-Dichloro-10-bromoanthrone, not previously obtained in the 
pure state, was prepared by the bromination of 1 : 4-dichloroanthrone 
(Barnett, Goodway, and Wiltshire, Ber., 1930, 63, 1696); it separated 
from benzene in almost colourless crystals, m. p. 196° (Found: C, 
48-9; H,2-1. C,,H,OCI1,Br requires C, 49-1; H, 2-05%). 

The bromoanthranyl methyl ethers were well-crystallised yellow 
solids with the exception of the 1 : 3-dimethyl compound, which 
refused to crystallise. There can, however, be no reasonable doubt 
but that it was produced by the bromination of 1 : 3-dimethyl- 
anthranyl methyl ether, since the reaction was accompanied by 
copious evolution of hydrogen bromide, and no trace of a piperidino- 
compound could be detected after the product had been treated with 
piperidine. 

10-Bromo-2 : 3-dimethylanthranyl methyl ether formed yellow 
crystals, m. p. 151°, from benzene. Its solutions were fluorescent 
(Found : C, 64-4; H, 4-8. C,,H,,OBr requires C, 64-7; H, 48%). 

1 : 8-Dichloro-10-bromoanthranyl methyl ether formed brilliant 
greenish-yellow crystals, m. p. 155°, from benzene-light petroleum. 
Its solutions were not fluorescent (Found: C, 50-4; H, 2-5. 
C,,H,OCI,Br requires C, 50-6; H, 25%). 
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2 : 3-Dichloro-10-bromoanthranyl methyl ether formed silky golden- 
yellow needles, m. p. 164°, from benzene. Its solutions were 
fluorescent (Found: C, 50-5; H, 2-7%). 

Benzylideneanthrones.—In all cases the anthrone (0-025 mol.) 
was boiled for 4 hours with pyridine (15 c.c.), benzaldehyde (3 c.c.), 
and piperidine (6 drops). The solution was then diluted with aqueous 
methyl alcohol, and the solid obtained on cooling in a freezing 
mixture was washed with methyl alcohol. In cases in which the 
solid was the unchanged anthrone this was identified by comparison 
with an authentic sample, and all such anthrones were subsequently 
tested for their behaviour towards furfuraldehyde under the con- 
ditions given above, but in no case was an alkylideneanthrone 
obtained. The alkylideneanthrones obtained were recrystallised 
from cyclohexane and were then pale yellow. They all gave crimson 
solutions in concentrated sulphuric acid. 

10-Benzylidene-1 : 3-dimethylanthrone melts at 145° (Found: C, 
88-9; H, 6-0. C,3H,,0 requires C, 89-0; H, 5-8%) and 10-benzyl- 
idene-2 : 3-dimethylanthrone at 166° (Found: C, 89-0; H, 5-9%). 


One of the authors (E. de B. B.) desires to express his thanks to 
Imperial Chemical Industries Ltd. for a grant out of which some 
of the expenses of this research have been paid. 


Str Joun Cass TECHNICAL INSTITUTE, 
Lonpon, E.C. 3. [Received, March 10th, 1932.] 





195. The Mechanism of Some Addition Reactions 
of Nitroethylenes. 


By Brernuarp FLirscuem and Eric Leicuton HoimeEs. 


In the course of work carried out at Knoevenagel’s suggestion, one 
of us (J. pr. Chem., 1902, 66, 16) found that 2-bromo-2-nitro- 
1-p-nitrophenylethylene, O,N-C,H,-CH:CBr-NO,, undergoes partial 
addition, at its double bond, of a molecule of alcohol on mere 
recrystallisation from this solvent. - The corresponding o0-nitro- 
compound reacted similarly, though less readily, whereas 2-nitro- 
1-p-nitrophenylethylene, 2-nitro-1-phenylethylene, and 2-bromo-1- 
phenylethylene showed no addition even on prolonged boiling with 
alcohol. The reaction therefore appeared to require the presence 
of a tertiary nitro-group which, through its oxygen, would initiate 
a Thiele 1 : 4-addition: R-CH:CX-NO, — R-CH(OAIk)-CX°NO-OH 
—» R-CH(OAIk)-CHX-NO, (compare the addition of hydrogen to 
-CH-CO-; Thiele, Annalen, 1899, 306, 87), and it was suggested 
that the failure of a secondary nitro-group to react similarly might 
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be explained by attributing to it the bridged formula Pon 


More recent observations (J., 1928, 453 * and unpublished work) 
appear to support the assumption of the presence of a bridged 
form of “true ”’ primary and secondary nitro-compounds, at any 
rate in solution, but only in equilibrium with their NO,-form. It 
follows that the complete refusal of secondary nitroethylenes to 
add alcohol can no longer be ascribed to a different formulation. 

It seemed therefore desirable to obtain more extended and more 
quantitative information concerning this reaction, and to correlate 
it on a more general basis. Since 1905, one of us has attempted to 
interpret reactivity as a function of three constitutional factors, 
viz., an “‘ electropolar ” and a “ steric ” factor, and a “‘ quantitative ”’ 
factor causing an alternating distribution of chemical force within 
the molecule; and this view appears to have been accepted fairly 
generally—often with an electronic interpretation of the factors. 
A similar treatment of the varying reactivity of nitroethylenes 
presents no difficulty. Our experimental results (see table) show 
that, out of fourteen nitroethylenes, only three have a pronounced 
tendency to add alcohol; and that the eleven which—whether in 
the dark or in diffuse daylight—show little or no additivity include 
nitroethylenes with tertiary as well as secondary nitro-groups, and 
cis- as well as the corresponding trans-forms. Obviously, there- 
fore, the different behaviour of these sets of compounds cannot 
be attributed either to the constitution of the nitro-groups or to 
the configuration of the ethylenic groups. It appears, however, 
that the following mechanism, in conjunction with the three above- 
mentioned factors, can account for all the facts. 

(1) The Mechanism of the Reaction.—This consists, we suggest, of 
a slow initial 1 : 4-addition of alcohol to yield.an isonitro-compound, 
followed by two competing rapid reactions, viz., reversal of the 
addition, whereby the nitroethylene is regenerated, and stabilisation 
of the addition product by rearrangement of its isonitro-form to 


* The paper cited above dealt with the nitration of phenylbromocyano- 
nitromethane. Some of the theoretical conclusions therein have been sub- 
jected to criticism by Baker and Ingold (J., 1929, 423), to which we have 
not yet replied because one of us (E. L. H.) had to take up other work early 
in 1929 and no other co-worker has been available. But since in their con- 
tribution—which is largely a repetition of ours as regards both the use of 
our methods and the restatement of our quantitative results—these authors 
lay great stress on the only two discrepancies from our experimental data 
which they claim to have observed, we take this first opportunity to state 
that we have repeated these two experiments and fully confirmed our own 
results. That Baker and Ingold’s earlier similar allegation (J., 1926, 2465) 
was also incorrect, has been proved by us (loc. cit.) and tacitly admitted in 
their later paper. 
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the “true” nitroethoxyethane derivative. The following observ- 
ations may be cited in support : 

(a) 2-Nitro-2-phenyl-1-p-methoxyphenylethylene, on prolonged 
boiling with alcohol, reacts only to a very slight extent; its alcohol 
addition product, on similar treatment with alcohel, shows no 
detectable change. The reaction is therefore virtually irreversible 
as between the initial and the final products. 

(6) An aqueous alkaline solution of the iso-form of the above 
alcoho] addition product, on treatment with an exeess of hydro- 
chloric acid, deposits chiefly the corresponding nitroethylene. This 
iso-form is therefore capable of a very rapid separation of alcohol. 

(c) This is caused neither by ionisation of the iso-form, since its 
ion, e.g., in an aqueous alkaline solution, is stable, nor by rearrange- 
ment to the “true” form and action thereon of hydrogen ions, 
since the “true ” form, dissolved in alcoholic hydrogen chloride, is 
also’ stable. It is therefore the un-ionised iso-compound which is 
responsible for the rapid loss of aleohol. This is confirmed by the 
fact that precipitation by earbon dioxide instead of hydrochloric 
acid largely prevents this separation of aleohol (compare analogous 
observations by Meisenheimer, Annalen, 1907, 355, 249; Rosen- 
mund, Ber., 1913, 46, 1034; Heim, Ber., 1911, 44, 2013). For it 
is known that solutions of the salts of isonitroparaffins tend to 
separate the iso-form in the presence of a strong acid, and the 
“true” form on addition of a weak acid, obviously because a 
lower concentration of hydrogen ions allows more time for a direct 
rearrangement of the anion (compare Knorr, Ber., 1895, 28, 706; 
Annalen, 1896, 293, 1; Wislicenus, Ahrens Sammlung, 1897, II, 
187; Lapworth, J., 1898, 73, 445; J., 1901, 79, 1265, for tauto- 
meric anions = “ prototropy’’’; and Fliirscheim, J., 1910, 97, 84, 
for tautomeric kations = “anionotropy”) from its iso- to its 
“ true ’’ form before the un-ionised form can accumulate. In other 
words, the conditions which tend to produce the un-ionised iso- 
form and those which tend to cause separation of alcohol are 
identical. Further confirmation is supplied by our observation 
that 2-bromo-2-nitro-1-p-nitrophenylethylene forms an alcohol addi- 
tion product which can be precipitated from its alkaline solution 
by means of hydrochloric acid without separating alcohol, whereas 
this is not the case when p-nitrophenyl has taken the place of 
bromine. The bromo-compound having a relatively acidic nitro- 
group, its iso-form must exhibit a higher degree of electrolytic 
dissociation. 

That the “true” alcohol addition product is stable in alcohol, 
though it might be expected to be in equilibrium with its iso-form, 
is not really surprising. A rough computation, based on all relevant 
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kinetic and conductivity data on nitro- and isonitro-compounds 
and their mutual transitions, shows that in experiment No. 22 (see 
table) the amount of nitroethylene produced by rearrangement to 
the un-ionised iso-form and separation of alcohol therefrom should 
theoretically be of the order of only a fraction of 1%. This implies, 
incidentally, that in the absence of any obvious change in analogous 
cases it must not necessarily be assumed, with Kohler and Stone 
(J. Amer. Chem. Soc., 1930, 52, 761), that solutions of “ true ” 
nitro-compounds do not contain any iso-form whatsoever produced 
by spontaneous isomerisation. 

(2) The Effect of the Three Factors.—(a) The quantitative (alter- 
nating) factor affects the rates of addition and separation of alcohol 
in the same direction. Thus a l-p-methoxy-group (No. 15), through 
an alternating transmission of the quantitative effect, lowers the 
amount of available affinity at the «-carbon (whereby the mobility 
of the alkoxy-radical, leading to separation of alcohol, is enhanced), 
but increases it at the oxygen of the 8-nitro-group (whereby addition 
of hydrogen, resulting in addition of alcohol, is facilitated); and a 
l-p-nitro-group does the reverse. Actually, the resulting rates of 
addition are found for Nos. 15 and 7 to be of the same order (slight 
addition). 

(b) The steric effect of a cis- or o-group in retarding addition is, 
similarly, partly counteracted, since it also inhibits the reverse 
reaction by enhancing the degree of ionisation of the iso-form. The 
resulting change of 2-bromo-2-nitro-l-o-nitrophenylethylene (loc. 
cit.), though slower than for the p-isomeride, is still of the same 
order (pronounced addition), and the changes of cis-trans-isomerides 
(Nos. 9 and 10; 12 and 16) are also of the same order (slight 
addition). 

(c) The electropolar factor, on the other hand, is decisive in this 
reaction. An acidic substituent near the nitro-group (the reverse 
applies to a basic group) not only facilitates addition by enhancing 
the degree of polar affinity of the nitro-oxygen * for the alcohol- 
hydrogen, but also inhibits separation of alcohol by increasing the 
degree of ionisation of the iso-form. The observed rate of addition 
follows, indeed, the order of electropolarities of the substituents 


* It has of course long been recognised (compare especially Michael, J. 
pr. Chem., 1888, 37, 473; 1899, 60, 286; also Flirscheim, Ber., 1906, 39, 
2015; Loevenich and Gerber, Ber., 1930, 68, 636) that ‘‘ negative ’’ sub- 
stituents inhibit the addition of a ‘‘ negative ’’ reagent, and vice versa. It 
must be pointed out, however, that in any particular phase of an addition 
this electropolar effect of a given substituent depends on its relative electro- 
chemical nature and position with regard to the individual atoms which actu- 
ally interact in such phase, e.g., oxygen and hydrogen in our initial addition 
phase. 
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immediately adjacent to the nitro-group:* Br (pronounced addi- 
tion)>m-NO,-C,H,, C,H, (slight addition) >H,CH, (no addition). 

(3) The Reactivity of 2-Nitro-1 : 2-di-p-nitrophenylethylene.—This 
reactivity, which is pronounced, though the three factors should 
cause it to rank with the slight additive capacity of the m-nitro- 
compounds Nos. 5 and 6, is explained by our mechanism. This 
substance alone can add alcohol in another way, viz., in positions 
1 : 8, to yield primarily the quinonoid compound 

NO,°C,H,CH(OR)-C(NO,):C,H,:-NO-OH, 
from which alcohol should not separate readily, if at all. A much 
faster initial addition in positions 1 : 8 than 1 : 4 seems less likely, 
since, contrary to the rapid isomerisation of phenylnitromethane 
by strong alkaline agents, p-nitrotriphenylmethane (Hantzsch and 
Hein, Ber., 1919, 52, 493) is only slowly transformed into its 
(quinonoid) salt. 

(4) Addition Reactions of Nitroethylenes with Other Compounds 
containing Mobile Hydrogen (or Metal).—Such additions, e.g., with 
alkali alkoxides or with ammonia and amines (see Loevenich and 
Gerber, loc. cit.), may also be interpreted by the above mechanism. 
In the latter cases the addition compound is formed much more 
rapidly, not merely because the initial addition occurs more readily 
(some amines, unlike alcohol, combine even with 1-bromo-2-pheny]- 
ethylene, though much more slowly than with 1-bromo-1-nitro- 
2-phenylethylene), but also because the inverse reaction is inhibited 
through stabilisation of the undissociated isonitro-form by salt 
formation. 

The preparation of some new nitroethylenes, and observations 
on cis-trans-rearrangements, including the formation of the hitherto 
unknown stereoisomeride of p-methoxynitrostilbene, are described 
below. 

EXPERIMENTAL, 
2-Nitro-1-phenyl-2-m-nitrophenylethylene.—0-9 G. of m-nitro- 
phenylnitromethane, 0-53 g. of benzaldehyde, and 0-3 c.c. of a 
33-33% solution of methylamine in alcohol (general method of 
Knoevenagel and Walter, Ber., 1904, 37, 4502) were left for 24 
hours. The product solidified when rubbed with alcohol and a 


* The ready addition of alcohol to m- and p-nitro-a-nitrocinnamic esters 
(Friedlander and Mahly, Annalen, 1885, 229, 210) appears to be the only 
other recorded case of an alcohol addition to nitroethylenes in the absence 
of alkali, and agrees with the above sequence. Remembering, however, the 
ready addition of alcohol to acraldehyde in the absence of alkali (Newbury 
and Chamot, Amer. Chem. J., 1890, 12, 521), the possibility is not excluded 
that in the nitrocinnamic esters hydrogen may primurily attach itself, not to 
a nitro-group activated by carbonyl, but to carbonyl activated by a nitro- 


group. 
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little sulphuric acid, and separated from benzene~petrol in almost 
colourless crystals (0-263 -g.), m. p. 179—180° (Found: N, 10-6. 
C,4H, 90,Nz requires N, 10-4%). 

2-Nitro-1-p-nitrophenyl-2-m-nitrophenylethylene.—1-82 G. of m- 
nitrophenylnitromethane, 1-51 g. of p-nitrobenzaldehyde, and 0:3 c.c. 
of a 33-33% solution of methylamine in aleohol were heated on a 
water-bath to complete solution, then left for 24 hours at room 
temperature. The product was washed with alcohol and repeatedly 
crystallised from toluene, forming chamois-coloured crystals, m. p. 
236—237° (Found : N, 13-6. C,,H,O,N, requires N, 13-3%). 

2-Nitro-1 : 2-di-p-nitrophenylethylene.—From a mixture of the 
dinitro-compounds obtained by nitration of 2-nitro-2-phenyl-1-p- 
nitrophenylethylene essentially according to Baker and Wilson (J., 
1927, 842), the pp’-dinitro-compound was obtained by repeated 
crystallisation from ethyl acetate. It formed pale greenish-yellow 
crystals, m. p. 210-5—211°, and its constitution was proved by 
oxidising 0-400 g. with permanganate, whereby 0-359 g. of p-nitro- 
benzoic acid, m. p. 233—235°, was obtained (Found: N, 13-5. 
C,,H,O,N, requires N, 13-3%). 

Stereoisomeric 2-Nitro-2-phenyl-1-p- -intthomyphenylethylens: —A 
solution of 0-5 g. of the known greenish form (m. p. 151-5—152°) 
in 500 c.c. of alcohol was allowed to evaporate spontaneously in 
direct. sunlight. The residue of brown crystals, m. p. 105—108°, 
which were much more soluble in organic solvents than the initial 
material, separated from petroleum (b. p. 60—80°) in fine brownish- 
orange needles, m. p. 112—113°. ‘A slight admixture of the greenish 
form depressed the melting point (Found : N, 5-4, 5-7. C,;H,,0,N 
requires N, 5-5%). 

2-Nitro-1-ethoxy -2- phenyl - 1 - p-methoxyphenylethane.—The above 
p-methoxy-derivative, m. p. 151-5—152°, was dissolved in warm 
absolute alcohol (30 parts), potassium hydroxide (slight excess of 
1 mol.) added, and the solution immediately and rapidly cooled ; 
it was then diluted with much water (it should remain clear) and 
treated in an open vessel with a rapid current of carbon dioxide 
until no further precipitation occurred (3—4 hours). The pale 
yellow deposit (yield, about 80%; m. p. about 93—100° after 
drying at 70—75°) contained about 25% of regenerated initial 
material, which was eliminated by fractional crystallisation from 
petroleum (b. p. 60—80°). The alcohol addition compound was 
thus obtained entirely colourless and with the constant m. p. 
107-5—108° (Found: N, 4:8. C,,H,,0,N requires N, 4-65%). 

Samples of 2-nitro-2-phenyl-1-(3’ : 4’-methylenedioxypheny])- 
ethylene (piperonylidenephenylnitromethane), 2 -nitro- 1 -(3’ : 4’- 
methylenedioxyphenyl)-2-methylethylene (piperonylidenenitro - 
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ethane), and 2-nitro-l-phenyl-2-methylethylene (benzylidenenitro- 
ethane) had been kindly given to one of us in 1902 by Prof. 
Knoevenagel and Dr. Walter; the remaining compounds were 
prepared according to the literature. 

Alcohol Additions.—These are tabulated below. Several addi- 
tions, corresponding to Nos. 4, 10, and 13 and not included in the 
table, were performed with commercial absolute alcohol, but 
resulted in appreciable hydrolysis at the ethylenic bond; from the 
p-methoxy-derivative, for instance, some anisaldehyde was thus 
produced. With alcohol dried by magnesium amalgam, used in 
Nos. 9, 10, and 13, hydrolysis still occurred in traces, so that the 
relative weights of (alkali-soluble) addition product obtained are in 
these cases too high by a fraction of 1% (admixture of phenyl- 
nitromethane). In all the remaining additions, calcium-dried 
alcohol was used. The solutions were 0-1N, excepting with the 
most rapidly reacting compounds (Nos. 2 and 3; 0-05N) and with 
the less soluble substances (Nos. 4, 5, and 6; 70, 60, and 70 c.c. of 
alcohol, respectively). They were boiled with careful exclusion of 
moisture—Nos. 16 and 9 to 13 in the dark, the remainder in diffuse 
daylight—and the alcohol was then evaporated in a vacuum. The 
addition product was separated from unchanged material by 
exhaustive extraction of the solid with cold 10% aqueous potassium 
hydroxide, blank tests having shown that the tertiary nitroethylenes 
were insoluble therein. This was then filtered, whereafter the 
clear alkaline solution was acidified with hydrochloric acid and 
extracted with ether. For calculating the percentage of addition 
compound formed, there were available the constant weights 
(obtained by drying at 80°) of the portions soluble and insoluble in 
alkali and also, as an approximate control only, of the material 
before treatment with alkali (giving the weight of added alcohol, 
calculation from which of the molecular percentage involved multi- 
plying the experimental error up to seven times). The fact that 
the alkali-soluble portions actually consisted of the alcohol-addition 
compounds also where any increase in weight was too small to be 
reliably detected, was conclusively proved for Nos. 11, 12, and 16 
where the nitroethylenes regenerated from the alkaline solutions of 
the addition compounds by precipitation with mineral acid were 
identified (see below). The purity of the alkali-insoluble portions 
and their identity with unchanged initial material were always 
checked by m. p. and mixed m. p. determinations. The great 
tendency of the pp’-dinitro-derivative (No. 4) to add alcohol was 
confirmed by three further, but only approximate, determinations ; 
thus, at about 78° in a stoppered bottle, over 70% was added in 
22} hours. In the tables, the compounds are given in the order of 
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decreasing reactivity, those being bracketed together which belong 
to one of the three groups: I = 40 to 100% mol. addition in 7 
hours; Il = >0, <6%; IIT =0%. In No. 6 the experimental 
error was large owing to the small amount available; it should 
add alcohol a little more readily than No. 5. 


Hours Increase KOH- KOH- Add- 





Wt., of in wt., soluble, insoluble, ition, 
No. Compound used. g. boiling. g. g. g. mol. %. 
1 p-NO,C,H,yCH:CBr-NO, 0-273 «7 one all 0 100 
2 0-100 0-66 0-009 0-070 0-040 60 I 
3 O,H,-OH: CBr: NO, 0-458 0-66 0-015 0-080 0-394 14 J 
4 p-NOyO,H,CH:C(NO,)-0,HyNO,(p) 0-202 7 0-012 008 0120 40 
5 O,H,-OH: 0,)-O,H,"NO,(m) 0-204 7 0-002 0-011 0-195 ™~5 |\ 
6 pnd, Oc OH. O(NO,)-O,H,-NO,(m) 0-062 7 — 0001 0060 >2 
<6 
7 seit. = aa 0-270 «7 — 0004 —1 Awe 
8 0-540 8 —_— —_ 0-527 
9 os OCNO,)-0 0-1562 5-25 _ 0-0019 os ~1 
m, p. 126- ey “6° 
10 0©,H,-OH:O(NO,)-0,H, 0-1480 583 — 00011 — m1 
m. p. 73-6—74° 
ll 0-900 50 _ 0-040 0-856 4-5 SIL 
12 p- OMeOqHiy CH: a O,)°C,H,; 0-500 50 _— 0-017 0-472 4:5 
m. p. 1 
13 p- oMe-O,H,-CH: {CONO)-Ost 0-4478 6 —_ 0-0061 — ~1 
m. p. 151-5—152° 
14 “ 0-510 8 — — 0-504) oy 
15 ” 0-510 7 —_ 0-003 0-506 
16 0-510 50 — 0-015 rt 0-489 3-5 
17 (mp-)H,0¢° S0.H,-CH: CCNO,)-O,H, 0-214 7 — Pptd-with 9211 ~1 
18 O,H,-OH: OBio,) cH, 0-213 7 _ 0 _ 0 
19 (mp- yH,0¢° OH, CH:0(NO,)CH, 0-163 7 — 0 ~s o |i 
20 O,H,-OCH: “OH “NO, 0-300 7 un- (m. p., mixed m. p.) 0 
changed 
21 p-OMe-O,H,-CH(OMe)-CH(NO,)-0,H, 0-0197 366  ,, de 
22 p-OMe-0,H,-CH(OEt)CH(NO,)C,H, 0-0433 7 Ps pte 


Alcohol Separations.—(a) Stability of alcohol addition products in 
boiling alcohol. See table, Nos. 21 and 22, wherein 4-8 and 2-5 g., 
respectively, of alcohol (dried by magnesium amalgam) were used. 

(b) Stability of alcohol addition products on dry heating. The 
compound No. 21 in the table, obtained according to Meisenheimer 
(loc. cit.) by treatment of No. 13 with potassium hydroxide in 
methyl alcohol, was heated to its melting point (138-5—139°), then 
allowed to solidify, and heated again. The melting point remained 
unchanged. Our corresponding ethyl alcohol derivative (No. 22) 
also showed no change in its melting point when heated at 78° for 
24 hours. 

(c) Stability of alcohol addition products towards hydrogen ions. 
0-01 G. of compound No. 22, dissolved in 0-88 g. of alcohol and 
0-06 g. of concentrated hydrochloric acid, was kept at about 12° 
for 4 days and, after evaporation of the alcohol at room temperature, 
was washed with a little water. The melting point was unchanged. 

(d) Varying instability of the iso-forms of alcohol addition products 
when liberated from their salts. Aqueous alkaline solutions remained 
clear, showing that no alcohol had separated. On introducing 
acids, the following observations were made: (1) A solution of the 
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methyl alcohol addition compound (No. 21) in aqueous potassium 
hydroxide was treated with an excess of hydrochloric acid. The 
precipitate was the corresponding nitroethylene, almost pure (m. p. 
143—150° instead of 151-5—152°). (2) 0-5 G. of the same nitro- 
ethylene was shaken with 3. c.c. of ethyl alcohol and 3 c.c. of 10% 
aqueous potassium hydroxide until all was dissolved. To one-half 
of this solution was added 1 c.c. of concentrated hydrochloric acid 
in 6 c.c. of water, whereby the initial material (m. p. 149—151°) 
was precipitated; the other half was diluted with 10 c.c. of water 
and treated with a current of carbon dioxide for 4 hour, giving a 
precipitate, m. p. 92—98°, which consisted essentially of the ethyl 
alcohol addition compound, m. p. 107-5—108° (compare its pre- 
paration). (3) After the prolonged action of alcohol (No. 16) on 
the same nitroethylene, precipitation of the alkali-soluble addition 
compound by hydrochloric acid again yielded the initial material 
(m. p. 145—150°, after pressing on a porous plate; mixed m. p.). 
(4) Similarly, precipitation by hydrochloric acid of the alkaline 
solution of the addition compound from the prolonged action of 
alcohol on «-nitrostilbene (No. 11) gave the initial material (m. p. 
68—71°, after pressing on a porous plate; mixed m. p.). (5) On 
the other hand, the alcohol addition compound from 2-bromo-2- 
nitro-1-p-nitrophenylethylene (No. 1) (compare 1902 paper), when 
dissolved in cold 10% aqueous potassium hydroxide and precipitated 
by hydrochloric acid, was recovered as such, no nitroethylene being 
regenerated. (6) An intermediate position between compounds 
Nos. 16 and 11 on the one hand, and No. 1 on the other, is oceupied 
by the pp’a-trinitro-derivative (No. 4), since both the alcohol 
addition compound and the regenerated nitroethylene were obtained 
in substantial proportions when alkaline solutions of the former 
were precipitated by hydrochloric acid; these proportions varied, 
of course, with varying concentrations of the ingredients. 

cis - trans - Rearrangements.—(a) 2-Nitro-2-phenyl-1-p-methoxy- 
phenylethylenes. The change of the higher- into the lower-melting 
form has been described above. The reverse transition occurs when 
the lower-melting form is subjected to prolonged boiling in alcohol in 
the dark, since in No. 12 the alkali-insoluble portion had m. p. 
119—134° (mixed m. p. with lower-melting form 105—117°, with 
higher 130—144°). This change was also observed when the nitro- 
ethylene was regenerated from the alcohol addition product of the 
form of m. p. 112—113° by means of hydrochloric acid, whereupon 
it melted, after recrystallisation from petroleum (b. p. 120—140°), at 
150—152° (mixed m. p.). When precipitated from the alkali- 
soluble portion in No. 12, it melted at 143—148° (mixed m. p.). 
Similarly, on dissolving 0-50 g. of the isomeride, m. p. 112—113°, 











th 


tra 


ane 
14$ 
les: 


for: 
pro 
exh 
afte 
furt 


una, 
the 
Whe 
expe 
falle: 
from 
(b. x 
Simil 
temp 














SOME ADDITION REACTIONS OF NITROETHYLENES. 1467 


in 5 c.c. of a 4% solution of potassium hydroxide in methyl alcohol 
at 22°, removing the alcohol in a vacuum, adding water (whereupon 
the solution remained clear), and passing in a current of carbon 
dioxide for 3 hours, then repeatedly extracting the filtered pre- 
cipitate with cold 10° aqueous potassium hydroxide, there remained 
undissolved 0-056 g. of the higher-melting form (m. p. 148—151°; 
mixed m. p.). The alkaline extract, on renewed treatment with 
carbon dioxide, gave 0-430 g. of a precipitate, m. p. 123—127°, 
which after recrystallisation from little methyl alcohol had the 
constant m. p. 138-5—139° and was identical (mixed m. p.) with 
the methyl alcohol addition product from the higher-melting form. 
The latter, on exactly similar treatment, gave products with 
virtually identical melting points and weights (0-054 and 0-440 g.). 
This form, m. p. 151-5—152°, showed no sign of isomerisation 
when a solution of 0-1 g. in 60 c.c. of alcohol was kept in the dark 
at room temperature (m. p. unaltered) or was boiled for a long 
time in the dark (m. p. of alkali-insoluble portion in No. 16 
unaltered). The form, m. p. 112—113°, after being left in benzene 
with a trace of iodine in the dark for 48 hours, had m. p. 144—146° 
(mixed m. p. with form of m. p. 151-5—152°). (Concerning 
the effect of iodine in benzene, in certain other cases, compare 
Rice, J. Amer. Chem. Soc., 1926, 48, 269.) The isomeride, 
m. p. 151-5—152°, remained unchanged in diffuse light with a 
trace of iodine in benzene during 4} hours, but in direct sunlight 
two samples, simultaneously exposed for 2} hours in benzene, with 
and without iodine, both had their melting points lowered to 146— 
149° (drops visible from about 100°). Obviously the higher-melting, 
less coloured form is in this case by far the more stable. 

(b) 2-Nitro-1 : 2-diphenylethylenes. Here it is the lower-melting 
form which is less coloured and produced in much the greater 
proportion by synthetical methods, though neither isomeride 
exhibits any pronounced tendency to pass into the other. Thus. 
after boiling with alcohol in the dark (Nos. 10 and 11), and in a 
further experiment in which boiling was performed for 7 hours in 
diffuse daylight, the alkali-insoluble portion consisted of the 
unaltered lower-melting form; and after boiling in the dark (No. 9), 
the higher-melting isomeride was similarly recovered as such. 
When solutions of each compound in ether had been simultaneously 
exposed to direct sunlight for 1? hours, the melting points had 
fallen to 120—125° (drops visible from 105°) and to 65—71° (drops 
from 62°), and in each case, after recrystallisation from petroleum 
(b. p. <60°), crystals of the other isomeride could be detected. 
Similar slight isomerisations of both forms also occur at elevated 
temperatures (see Heim, Ber., 1911, 44, 2016). In the experiments 
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with the other nitroethylenes, the melting points of the alkali- 
insoluble portions showed that no isomerisations had occurred. 


This work was mainly carried out in 1926 and 1927 at the Davy 
Faraday Laboratory of the Royal Institution. We desire to express 
our obligation to Sir W. H. Bragg and the Royal Institution, who 
have placed the facilities of the laboratory at our disposal; also to 
the Advisory Council of the Department of Scientific and Industrial 
Research and to the Government Grants Committee of the Royal 
Society for grants to one of us (E. L. H.). 


[Received, February 23rd, 1932.] 





196. Conversion of Hydroaromatic into Aromatic 
Compounds. Part V. The Influence of the Methyl 
Group in 5-Phenyl-2-methyldihydroresorcinol. 


By Leonarp Eric HInKEL and JoHN FREDERICK JAMES Dippy. 


DIMETHYLDIHYDRORESORCINOL reacts readily with phosphorus 
trichloride (Crossley and Le Sueur, J., 1903, 83, 110), but its 2- 
chloro-derivative is not reacted upon to any appreciable extent 
even when heated with a large excess of either phosphorus tri- 
chloride or oxychloride (Hinkel and Williams, J., 1922, 121, 2498). 
In its behaviour with phosphorus pentachloride the chloro-deriv- 
ative again exhibits a marked difference from dimethyldihydro- 
resorcinol by giving rise to a mixture of chlorinated products (idem, 
ibid.). These peculiarities were ascribed to the presence of the 
substituent in the 2-position. Similarly, the introduction of a 
2-methyl group into a dihydroresorcinol causes the appearance of 
properties foreign to the general class of dihydroresorcinols, since 
those containing such a group are unstable on keeping (Vorlander 
and Erig, Annalen, 1897, 294, 302; Becker and Thorpe, J., 1922, 
421, 1305; Mattar, Hastings, and Walker, J., 1930, 2459) and also 
give anomalous results on hydrolysis, the reactions being obscured 
by early secondary reactions (Hinkel, Ayling, Dippy, and Angel, 
J., 1931, 814). In view of these anomalies a general study of these 
2-substituted dihydroresorcinols has been instituted. Since phenyl- 
dihydroresorcinol is comparable to some extent with the dimethyl! 
compound in behaviour and a method exists for the ready prepar- 
ation of 5-phenyl-2-methyldihydroresorcinol (Joc. cit.), the behaviour 
of the latter towards the chlorides of phosphorus has been in- 
vestigated, in order to ascertain whether the influence of a 2-methyl 
group extends to affect the reactions of a dihydroresorcinol in a 
manner similar to that of the 2-chloro-substituent. 
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Although 5-phenyl-2-methyldihydroresorcinol is not strictly 
comparable with 2-chloro-5 : 5-dimethyldihydroresorcinol, since 
the phenyl and gem-dimethyl groups themselves cause some differ- 
ences in the behaviour of the corresponding dihydroresorcinols, 
yet the 2-methyl in the former does exert an influence of the same 
character as the 2-chloro-atom in the latter. Thus, whereas the 
action of either phosphorus trichloride or oxychloride on the former 
gives the corresponding chloro-ketone, though in small yield, the 
chloro-ketone does not react with chlorine or bromine in the cold 
and in this respect resembles the chloro-ketone derived from 2- 
chloro-5 : 5-dimethyldihydroresorcinol (Hinkel and Williams, loc. cit.). 

Again, unlike the previous dihydroresorcinols studied (Hinkel 
and Hey, J., 1928, 2789; Hinkel and Dippy, J., 1930, 1389), pheny]- 
methyldihydroresorcinol does not lend itself under similar conditions 
to the ready conversion into the corresponding dichlorocyclo- 
hexadiene. When heated with 1-5 or 2 molecules of phosphorus 
pentachloride, a large amount of the dihydroresorcinol is recovered 
unchanged and the product consists of a mixture of the chloro- 
ketone, dichlorocyclohexadiene, and methyldichlorodiphenyl from 
which the hexadiene cannot be readily separated (compare Crossley 
and Le Sueur, J., 1903, 83, 121). When the quantity of phosphorus 
pentachloride is increased to 2-5 molecules, the main product is 
the methyldichlorodiphenyl (compare Crossley, J., 1902, 81, 1533). 
If the action of the phosphorus pentachloride is moderated by 
admixture with phosphorus oxychloride, a mixture is obtained 
from which the hexadiene can be obtained in an almost pure state. 

Excess of chlorine at room temperature reacts with the hexadiene 
(I) to give a liquid which is probably the trichloro-derivative (III) 
formed through an unstable intermediate (II). The trichloro- 
derivative (III) readily loses hydrogen chloride when heated, 
yielding 3 : 5-dichloro-4-methyldiphenyl (IV). 


CHPh CHPh CHPh 


/ % ss i" Y a _- x. . alae Ph 
HG OCH % HC OHCI-82 HG OHC E 
Cl 


clo = CCl c1C = CCl cic = CCl Cl 
XZ \Z \Z 4 
CMe CMe CMe e€ 
(I.) (II.) (III.) (IV.) 


This reaction is similar to the chlorinations of phenyl- and m- 
nitrophenyl-dichlorocyclohexadienes at room temperature (Hinkel 
and Hey, Hinkel and Dippy, locc. cit.), except that in these cases 
all the intermediate compounds are unstable. 

The constitution of 3 : 5-dichloro-4-methyldiphenyl was proved 
by converting its mononitro-derivative into the amine, which on 

3B2 
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oxidation gave 3: 5-dichloro-4-methylbenzoic acid. The methyl 
group of the dichloromethyldipheny] resists oxidation by the usual 
methods, owing probably to a screening effect of the two o-chlorine 
atoms. 

EXPERIMENTAL. 

Action of the Chlorides of Phosphorus on 5-Phenyl-2-methyldthydro- 
resorcinol.—(a) Phosphorus trichloride. A suspension of 5-phenyl-2- 
methyldihydroresorcinol (74 g.; 2 mols.) in dry chloroform (210 
c.c.) was heated under reflux with phosphorus trichloride (18 c.c. ; 
slight excess of 1 mol.) for 6 hours. The chloroform was removed, 
and the residue added to water and extracted with ether. The 
ethereal solution, washed with 4% sodium hydroxide solution, then 
with water and dried, yielded, upon evaporation of the ether, a 
residue which solidified below 0° and crystallised from weil-cooled 
light petroleum (b. p. 40—60°) in small white prisms of 5-chloro-1- 
phenyl-4-methyl-A4-cyclohexen-3-one, m. p. 36°, b. p. 179—180°/10 
mm. (Found: Cl, 16-35. ©,,H,,OCl requires Cl, 16-1%). Yield: 
16 g.; 20%. 

(b) Phosphorus oxychloride. Similar treatment (dihydroresorcinol, 
12 g., 1 mol.; chloroform, 35 c.c.; phosphorus oxychloride, 6 c.c., 
slight excess of 1 mol.) yielded 2 g. (16%) of the chlorophenyl- 
methylcyclohexenone. 

(c) Phosphorus pentachloride. To a mixture of the dihydro- 
resorcinol (40 g.; 1 mol.) and chloroform (100 c.c.), phosphorus 
pentachloride (100 g.; 2-5 mols.) was added gradually, and the 
mixture heated for 2 hours. The chloroform was removed by 
distillation, and the residue poured on ice and extracted with ether. 
The ethereal solution after the treatment described under (a) 
yielded 3 : 5-dichloro-4-methyldiphenyl (22 g.; 42%), which crystal- 
lised from alcohol in hair-like needles, m. p. 62°, b. p. 183—184°/11 
mm. (Found: Cl, 30-2. C,3H,, Cl, requires Cl, 30-0%). 

(d) Phosphorus pentachloride and oxychloride. The pentachloride 
(68 g.; 1-7 mols.) was added in small quantities to a well-cooled 
mixture of the dihydroresorcinol (40 g.; 1 mol.), chloroform (120 
c.c.), and phosphorus oxychloride (26 g.; 1-5 mols.), and the whole 
heated for 1 hour on the water-bath. The subsequent procedure was 
asin(c). The resulting liquid residue was fractionally distilled under 
reduced pressure until a liquid, b. p. 163—166°/10 mm., was obtained: 
this consisted mainly of 3 : 5-dichloro-1-phenyl-4-methyl-A?‘4-cyclo- 
hexadiene (Found : Cl, 28-6. C,3H,,Cl, requires Cl, 29-7%). 

The low chlorine value is probably due to the presence of some 
chloro-ketone, since a higher fraction, b. p. 170—177°/10 mm., 
though still containing some of the hexadiene, as shown by absorp- 
tion of bromine, had a chlorine content of 21°, midway between that 
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of the chloro-ketone and the hexadiene (16-1 and 29-7%), and slowly 
deposited the chloro-ketone, m. p. 36°, on seeding with a crystal of 
the latter. The final fraction, b. p. above 180°/10 mm., on cooling 
in ice and salt, deposited the dichloromethyldiphenyl, m. p. 62°. 

Action of Chlorine on 3 : 5-Dichloro-1-phenyl-4-methyl-A***-cyclo- 
hexadiene.—The above liquid, b. p. 163—166°/10 mm., was dis- 
solved in an equal volume of chloroform, and chlorine passed into 
the solution at room temperature. Heat was generated and copious 
evolution of hydrogen chloride occurred. When chlorine was no 
longer absorbed, the liquid was heated on a steam-bath to remove 
chloroform and hydrogen chloride. The residual liquid, consisting 
of 2:3: 5-trichloro-1-phenyl-4-methyl-A*:5-cyclohexadiene, was kept 
over solid sodium hydroxide in a vacuum desiccator for several 
days (Found: Cl, 35-0. C,,H,,Cl, requires Cl, 38-99%). The low 
chlorine value is probably due to the presence of the small quantity 
of chloro-ketone in the original hexadiene and also to partial de- 
composition. The liquid lost hydrogen chloride at its boiling 
point: the residue, crystallised from alcohol, melted at 62° and 
was identical with 3 : 5-dichloro-4-methyldiphenyl (p. 1470). 

3 : 5-Dichloro-4’( ?)-nitvo-4-methyldiphenyl.—To a solution of 3 : 5- 
dichloro-4-methyldiphenyl (10 g.) in glacial acetic acid (25 c.c.), 
a mixture of nitric acid (d 1-5; 75 c.c.) and glacial acetic acid (75 c.c.) 
was slowly added. After shaking for some time a solid separated, 
addition of water and crystallisation from alcohol yielding 3: 5- 
dichloro-4'( ?)-nitro-4-methyldiphenyl in colourless hair-like needles, 
m. p. 157° (Found: Cl, 25-3. C,,;H,O,NCI, requires Cl, 25-2%). 
Yield: 10 g.; 82%. 

3 : 5-Dichloro-4’( ?)-amino-4-methyldiphenyl—A mixture of 3: 5- 
dichloro-4’( ?)-nitro-4-methyldiphenyl (8-1 g.) in alcohol (120 c.c.) 
and stannous chloride (40 g.) in concentrated hydrochloric acid 
(40 c.c.) was heated under reflux on a steam-bath for 3 hours. Re- 
moval of alcohol, addition of excess of sodium hydroxide solution, 
and extraction with ether finally yielded 3 : 5-dichloro-4’( ?)-amino-4- 
methyldiphenyl, which crystallised from benzene-light petroleum 
(b. p. 40—60°) in small lamine, m. p. 131° (Found: Cl, 28-5. 
C,3H,,NCl, requires Cl, 28-2%). The acetyl derivative, obtained 
in the usual manner, crystallised from alcohol in colourless needles, 
m. p. 252—253° (Found : Cl, 24-6. C,,H,,ONCI, requires Cl, 24-3%). 

Oxidation of 3: 5-Dichloro-4’( ?)-amino-4-methyldiphenyl.—The 
amino-compound and chromic anhydride were heated in acetic 
acid under reflux, water added, the solid that separated after several 
days dissolved in aqueous sodium carbonate, and the filtered solution 
acidified ; 3 : 5-dichloro-4-methylbenzoic acid separated as a white 
amorphous solid, m. p. 185° (Claus and Bécher, Annalen, 1891, 
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265, 361, record m. p. 188°) (Found: equiv., by titration with 
baryta, 199. Cale., 205). 


The authors desire to express their thanks to Imperial Chemical 
Industries, Ltd., for a grant which partly defrayed the cost of this 
investigation. 


UNIVERSITY COLLEGE OF SWANSEA, 
UNIVERSITY OF WALES. [Received, March 4th, 1932.] 





197. Polycyclic Aromatic Hydrocarbons. Part X. 
1: 2:7: 8-Dibenzanthracene. 


By JAMES WILFRED COOK> 


THE only one of the five possible dibenzanthracenes still unknown,* 
namely, the 1:2:7:8-compound (compare Cook, J., 1931, 487), 
has now been synthesised by two independent methods, and is 
being utilised in animal experiments for comparison with the 
cancer-producing 1 : 2: 5 : 6-isomeride. 

By oxidation with selenious acid at 230—240°, 2-methyl-1 : 1’- 
dinaphthyl ketone readily passed into 2-carboxy-1 : 1’-dinaphthyl 
ketone (1), which could not be directly dehydrated to 1 : 2: 7 : 8-di- 
benzanthraquinone (XI), as it underwent a molecular rearrange- 
ment, the nature of which is discussed in the sequel. The system 
was immobilised by reducing the keto-acid (I) to the dinaphthyl- 
methane acid (II), which was not obtained crystalline, and was 
dehydrated by zinc chloride to 1 : 2: 7 : 8-dibenz-10-anthrone (III; 
isolated as the acetate of the enol). Subsequent reduction led to 
1:2:7: 8-dibenzanthracene (IV), which was oxidised by chromic 
acid to 1 : 2: 7 : 8-dibenzanthraquinone (XI) : 


emt) ny (I) 


‘CO, n\ ‘CO,H 


pos / (IV.) 
‘ea ) 


1: 2:7: 8-Dibenzanthracene was also synthesised by a method 
analogous to that employed by Weitzenbéck and Klinger (Monatsh.., 

* The deep blue hydrocarbon described as 2: 3 : 6 : 7-dibenzanthracene- 
9 : 10-diyl by Clar and John (Ber., 1930, 68, 2967) is chemically indistinguish- 
able from 2:3: 6: 7-dibenzanthracene. 
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1918, 39, 315) for the 1:2:5:6-compound. For this purpose, 
m-phenylenediacetic acid was condensed with o-nitrobenzaldehyde, 
and the resulting dinitro-acid (V) reduced by ferrous hydroxide to 
the diamino-acid (V1). The latter compound, submitted to the 
Pschorr phenanthrene synthesis, gave, in addition to resinous 
substances, two main products: the one formed in lesser amount 
was 1: 2:7 : 8-dibenzanthracene-4 : 5-dicarboxylic acid (VII). This 
acid was converted by heat into 1 : 2:7 : 8-dibenzanthracene (IV), 
identical with that obtained from 2-methyl-1 : 1’-dinaphthyl ketone, 
and the comparison was completed by formation of the picrate and 
by oxidation to the quinone (XI) : 


CH CH > & () 
No 7 eo) Co,H 0,8 
bs H 


CO,H = CO~.H CO,H (VIL) 
(V.) (VI.) 


(IV) 


The major product of the Pschorr reaction was not 1 : 2: 5 : 6-di- 
benzphenanthrene-4 : 8-dicarboxylic acid, the formation of which 
might be anticipated in addition to the dibenzanthracene com- 
pound. Its composition corresponded to the formula C,,H,,0,, 
and it was evidently the hydroxy-acid (VIII), formed from the 
diamino-acid (VI) by ring closure at only one point, the other 
diazonium group being replaced by hydroxyl. On vacuum sublim- 
ation at 330—350°, this hydroxy-acid (VIII) lost two molecules of 
water to give the very sparingly soluble I’ : 3’-naphtha-3 : 4-pyren-5- 
one-10-carboxylic acid (IX), which at 420° lost carbon dioxide and 
passed into 1’: 3’-naphtha-3 : 4-pyren-5-one. Oxidation of the 
monocarboxylic acid (IX) by sodium dichromate in acetic acid gave 
a red quinone-like compound, C,3;H,)O, (X). Furthermore, when 
the dry sodium salt of the original hydroxy-acid (VIII) was heated 
with methyl sulphate, it was converted into the methyl ester of the 
naphthapyrenonecarboxylic acid (IX) : 


4.0 sees 





(VIII.) (IX.) (X.) 
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It is very surprising that the new condensed six-ring complex 
should be formed from the hydroxy-acid (VIII) under such mild 
conditions, yet there appears to be no alternative explanation of 
the facts. 

As already stated, the dehydration of 2-carboxy-1 : 1’-dinaphthyl 
ketone (I) was attended by molecular rearrangement, and when the 
dehydration was effected in nitrobenzene solution, by phosphoric 
oxide at 150°, 1 : 2 : 5 : 6-dibenzanthraquinone was the sole product. 
Similar rearrangement accompanied the dehydration of 2-carboxy- 
1 : 2’-dinaphthyl ketone (XIV), which under the same conditions 
gave a mixture of 1:2:5:6-, 1:2:6:7-, and 1:2:7: 8-dibenz- 
anthraquinones. The first two quinones might be obtained as 
normal dehydration products of the keto-acid (XIV), but the 
1: 2:7: 8-compound could only arise as the result of a rearrange- 
ment. These intramolecular changes are of exactly the same type 
as those observed by Hayashi (J., 1927, 2517; 1930, 1513, 1520, 
1524) among the halogenohydroxybenzoyltoluic acids, and the 
examples now cited remove much of the ambiguity which has existed 
regarding the mechanism of the change. In the cases studied by 
Hayashi the structures of the quinones were uncertain, and it was 
suggested by Bennett (Ann. Reports, 1929, 26, 142) that the isomeric 
change which took place when the halogenohydroxybenzoyltoluic 
acids were treated with sulphuric acid involved the intermediate 
formation of anthraquinone derivatives. Such a view is not only 
intrinsically improbable, but in the cases now under discussion is 
definitely untenable, for if 2-carboxy-1 : 1’-dinaphthyl ketone (I) 
were first dehydrated to 1 : 2: 7 : 8-dibenzanthraquinone (XI), this 
on hydrolysis could only revert to (I) or give l-carboxy-2 : 2’-di- 
naphthyl ketone (XII), which by further dehydration would pass 
into 1:2:6:7- or 1:2:7:8-dibenzanthraquinone, but not the 
1: 2:5:6-compound, which was exclusively formed : 


(I) —> Yeyy —> Yyeoaly 
(XI.) (XIL.) 
CO C 


The true explanation of the change is found in one of the two 
alternatives suggested by Hayashi for the examples which he 
studied. For, in the case of 2-carboxy-1 : 1’-dinaphthyl ketone (I) 
it is apparent that the dehydration to 1 : 2:5: 6-dibenzanthra- 
quinone is preceded by «3-migration of a l-naphthyl radical (an 
example of «3-migration of a phenyl radical is given by Kleinfeller 
and Eckert, Ber., 1929, 62, 1598) : 
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OH 
CHC = O dus CO,H, 
. oc Cros 
(XHL) \og © 
CO,H’ 


Such a migration is closely allied to the pinacol—pinacolin and 
Wagner transformations, and from this standpoint the hydroxy- 
lactone structure (XIII) for the keto-acid (for which evidence is 
adduced) corresponds to the ethylene oxide structure which may 
sometimes occur as an intermediary in the pinacol—pinacolin trans- 
formation. In fact, it seems probable that the tautomerism, keto- 
acid == hydroxy-lactone, is one of the factors which determine 
the migration. 

In an analogous manner, 2-carboxy-1 : 2’-dinaphthyl ketone 
(XIV) must be regarded as undergoing migration of a 2-naphthyl 
radical to give 1-carboxy-2:2’-dinaphthyl ketone (XII), the 
precursor of the 1 : 2: 7 : 8-dibenzanthraquinone which was formed, 
together with the 1 : 2:5: 6- and 1 : 2: 6: 7-compounds : 


(XIV.) 10 
(ZED 
\CO,H 


In the compounds in which migration occurred, which were 
studied by Hayashi, a hydroxyl group was attached to the migrating 
aryl radical, so that an alternative explanation was suggested 
involving the intermediate formation of a spirocyclic hemiquinonoid 
compound, in accordance with the scheme : 


Cl Cl Cl 


COH. Ay, A 
Oy =| rte —— CO Me 
0 
ig S0O% ¥ OH CO,H’ 


Since there is no phenolic group present in the naphthoyl- 
naphthoic acids (I and XIV) which undergo the same type of change, 
such a mechanism is definitely disproved. In Hayashi’s papers no 
preference was shown towards either of the possible alternative 
mechanisms, and in reporting his results Bennett and Chapman 
(Ann. Reports, 1930, 27, 124) were quite unjustified in asserting that 
the “‘ quinonoid ” mechanism was established, while making no 
mention of the alternative, which is now shown to be correct. 
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A study of their reduction products confirmed the structures 
assigned to the two naphthoylnaphthoic acids, and showed that 
they were not products of rearrangement formed by heating with 
selenious acid during the oxidation of the methyldinaphthyl ketones. 
For, while the acid (I) produced by oxidation of 2-methyl-1 : 1’-di- 
naphthyl ketone was converted into 1 : 2: 7 : 8-dibenzanthracene in 
the manner already described, its isomeride (XIV) produced by 
oxidation of 2-methyl-1 : 2’-dinaphthyl ketone gave, under similar 
conditions, 1 ; 2: 5:6- and probably 1 : 2: 6 : 7-dibenzanthracene, 
but not the 1 : 2:7 : 8-compound. 

The naphthyl] migrations shown by the naphthoylnaphthoic acids 
are reminiscent of the hydroxynaphthyl migrations which Warren 
and;Smiles (J., 1930, 956; 1931, 914, 2207) have established in the 
cases of 2-naphthol-1l-sulphide and 2-naphthol-1-sulphone. 


EXPERIMENTAL. 
Naphthoylnaphthoic Acids. 

2-Carboxy-1:1'-dinaphthyl Ketone (1).—Attempts to oxidise 
2-methyl-1 : 1’-dinaphthyl ketone (Clar, Ber., 1929, 62, 355) by 
alkaline permanganate, or indirectly through the bromomethy]l 
compounds, were fruitless. The oxidation was successfully accom- 
plished, however, by dry selenious acid in boiling nitrobenzene, 
better results being obtained by heating under pressure with aqueous 
selenious acid : * 

A mixture of 2-methyl-1 : 1’-dinaphthyl ketone (12 g.), selenious 
acid (20 g.) and water (20 g.) was heated at 230—240° for 4 hours. 
The solid reaction product was washed with water, extracted with 
boiling dilute sodium carbonate solution, and the solution, filtered 
from selenium and unchanged ketone (3 g.), acidified. The pre- 
cipitated acid was recrystallised from acetic acid and then formed 
a slightly brownish, crystalline powder (8-5 g.), m. p. 238—239°. 
For purification, the acid (7-5 g.) was converted into the acetory- 
lactone (derived from XIII) by heating at 100° for 2 hours with 
acetic anhydride (10 c.c.) in pyridine (35 c.c.). The product 
crystallised from alcohol (animal charcoal) as a colourless crystalline 
powder, m. p. 196° (Found: C, 77-9; H, 4:5. C,,H,,0, requires 
C, 78-2; H, 4.4%). This acetoxy-lactone was hydrolysed by alco- 

* This selenious acid method of oxidation had formerly been used by the 
1.G. Farbenind. A.-G.. (D.R.-P. 347,743) for the oxidation of side chains in 
other polycyclic aromatic compounds, and I am indebted to Dr. E. H. Rodd 
for directing my attention to this specification. The method is not of general 
application, however, as it was not found possible to oxidise 2-methy]l-1- 
naphthoic acid to naphthalene-1 : 2-dicarboxylic acid, or 6-methyl-1 : 2-benz- 
anthraquinone to the corresponding carboxylic acid, by heating under 
pressure with aqueous selenious acid. 
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holic potassium hydroxide, and the resulting 2-carboxy-1 : 1’-di- 
naphthyl ketone (1) recrystallised from acetic acid, forming colourless 
plates, m. p. 241—242° (Found : C, 80-6; H, 4:4. C..Hj,03 requires 
C, 81-0; H, 43%). The green solution of this acid in concentrated 
sulphuric acid became deep blue on gentle warming. 

Dehydration. (i) By heating a solution of the above acid (I) in 
concentrated sulphuric acid at 85—90° for 1} hours, a small yield 
of a mixture of quinones (m. p. 190—210°) was obtained. The 
greater part of the material was sulphonated ; at lower temperatures 
ring closure was not effected. 

(ii) The acid (2-5 g.) was added to a mixture of anhydrous alu- 
minium chloride (25 g.) and sodium chloride (5 g.) at 130°, and the 
melt stirred for an hour at this temperature. After decomposition 
with water, the insoluble residue was sublimed in a vacuum. The 
mixture of quinones (m. p. 180—215°) gave pure 1: 2:5: 6-di- 
benzanthraquinone after three recrystallisations from benzene. No 
pure substance was isolated from the liquors. 

(iii) Phosphoric oxide (2 g.) was added to a solution of the keto- 
acid (I) (1 g.) in nitrobenzene (20 c.c.), at 150°. After being stirred 
for ? hour at this temperature, the whole was cooled, decomposed 
with water, and the nitrobenzene removed in steam. The residue 
was free from unchanged acid; a trace of colouring matter was 
removed by boiling with acetic acid containing sodium dichromate, 
and the product crystallised from benzene; it then gave pure 
1:2:5:6-dibenzanthraquinone, m. p. 248—250°, in good yield. 
The quinone was identified by comparison with a sample prepared 
by the method of Clar (Ber., 1929, 62, 357). 

2-Carboxy-1:2’-dinaphthyl Ketone (XIV).—(i) Formation. 
2-Methyl-1 : 2’-dinaphthyl ketone (Clar, loc. cit.) was oxidised with 
selenious acid in the same way as the isomeride. The acid was 
extracted from the reaction product with dilute sodium carbonate 
solution, the crude acid dissolved in glacial acetic acid, and the 
solution diluted with a little water. A small amount of dark brown 
solid separated. Addition of more water to the filtered solution 
gave an almost white precipitate of the keto-acid (14 g. from 24 g. 
of ketone), which was converted into the acetoxy-lactone by pyridine— 
acetic anhydride at 100°. This acetoxy-lactone was crystallised 
from alcohol (animal charcoal) and benzene-alcohol and then formed 
small colourless crystals, m. p. 185—186° after slight sintering 
(Found: C, 78-2; H, 4:5. C,,H,,0, requires C, 78-2; H, 44%). 
Hydrolysis with alcoholic potassium hydroxide gave 2-carboxy- 
1 : 2’-dinaphthyl ketone (XIV), which had poor power of crystallis- 
ation, and was sufficiently pure for ordinary purposes when pre- 
cipitated from a solution of its potassium salt. The acid separated 
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from its hot solution in xylene as a gelatinous solid, which dried to 
a colourless amorphous powder, m. p. 258—259° after slight sinter- 
ing (Found : C, 80-6; H,4-5. C,,H,,0, requires C, 81-0; H, 4-3%). 

(ii) Dehydration. The aforesaid keto-acid (XIV) (2 g.) was 
dehydrated with phosphoric oxide in nitrobenzene at 150°, exactly 
as described for the isomeride. The resulting mixture of quinones 
(1 g.) could not be separated by recrystallisation, and was reduced 
to the corresponding mixture of hydrocarbons. For this purpose, 
reduction was first carried out with aluminium powder and sulphuric 
acid, as described for 1 : 2: 5: 6-dibenzanthraquinone (Cook, J., 
1931, 3278), and the resulting mixture of dibenzanthrones boiled 
with N-sodium hydroxide and zinc dust for 3 hours. The excess of 
zinc was removed by hydrochloric acid, and the hydrocarbon mixture 
extracted with alkaline hydrosulphite to remove a trace of quinone. 
A solution of the residual solid (0-25 g.) in xylene (20 c.c.) was boiled 
with maleic anhydride (0-2 g.) for ? hour,* and the xylene removed 
in steam, in presence of dilute sodium hydroxide solution. By 
this treatment 2’ : 3’-naphtha-2:3-phenanthrene (the reduction 
product of 1 : 2: 6 : 7-dibenzanthraquinone) was converted into the 
water-soluble sodium salt of its maleic anhydride additive compound. 
The aqueous solution was acidified, and the precipitate dried and 
sublimed in a vacuum at 300°. The sublimate was extracted with 
alcohol, and the residue recrystallised from xylene, forming golden- 
orange leaflets, m. p. 262—263°, alone or mixed with authentic 
2’ : 3’-naphtha-2 : 3-phenanthrene (Cook, J., 1931, 505). The hydro- 
carbons not attacked by maleic anhydride were recrystallised from 
acetic acid and then benzene, whereby pure 1 : 2:5: 6-dibenz- 
anthracene was obtained. The acetic acid liquors gave a product 
which was purified through the picrate and then recrystallised from 
acetic acid. The resulting long, colourless, slender needles had 
m. p. 182—186°, and were shown by direct comparison to be almost 
pure 1 : 2:7 : 8-dibenzanthracene (below). 

(iii) Reduction. A solution of 2-carboxy-1 : 2’-dinaphthyl ketone 
(XIV) (5 g.) in N-potassium hydroxide (250 c.c.) was heated for 
24 hours with zinc dust (25 g.). The filtered solution was acidified, 
the precipitate dissolved in sodium carbonate solution, filtered, and 
the acid reprecipitated ; it was recrystallised from acetic acid and 
then from benzene (Found: C, 84:3; H, 5-2. C,.H,,0, requires 
C, 846; H, 52%). 1: 2’-Dinaphthylmethane-2-carboxylic acid 
formed a colourless microcrystalline powder, m. p. 193—195°. 


* This method of separation depends on the fact that 2’ : 3’-naphtha-2 : 3- 
phenanthrene, like 2:3-benzanthracene, reacts additively with maleic 
anhydride very rapidly, whereas the angular dibenzanthracenes react with 
great reluctance (compare Clar, Ber., 1931, 64, 2195; Cook, J., 1931, 3274). 
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An intimite mixture of this acid (1 g.) and anhydrous zinc 
chloride (3 g.) was heated at 180—185° for 4 hour, cooled, powdered, 
and extracted with water. The mixture of anthrone-like substances 
was reduced for 2 hours by zinc dust and boiling 2N-sodium 
hydroxide, and the yellow hydrocarbon mixture (0-5 g.), freed from 
zinc, was treated with maleic anhydride in xylene in the manner 
already described. A small amount of orange-yellow 2’ : 3’-naphtha- 
2 : 3-phenanthrene was thus removed, but was not isolated in the 
pure state. The main product was 1 : 2:5: 6-dibenzanthracene, 
and there was no evidence of the presence of 1 : 2:7 : 8-dibenz- 
anthracene. This confirms the structure assigned to the keto-acid 

XIV). 
' Synthesis of 1: 2:7 : 8-Dibenzanthracene. 

Method I.—A solution of 2-carboxy-1 : 1’-dinaphthyl ketone (I) 
(10 g.) in N-potassium hydroxide (500 c.c.) was boiled with zinc 
dust (25 g.) for 24 hours. The crude dinaphthylmethanecarboxylic 
acid (II) (8-8 g.) contained resinous impurities which prevented its 
crystallisation. It was therefore intimately mixed with anhydrous 
zine chloride (27 g.) and heated at 180—185° for 4 hour. After 
cooling, the melt was powdered, extracted with water, and warmed 
with 0-1 N-sodium carbonate to remove a trace of unaltered acid. The 
crude dibenzanthrone (IIT) was dried in a vacuum desiccator (8-1 g.). 

1:2:7:8-Dibenzanthranyl 10-acetate. A solution of this crude 
dibenzanthrone (1 g.) in pyridine (5 c.c.) and acetic anhydride 
(1-5 c.c.) was heated on the water-bath for an hour, treated with 
water, and the resinous mass extracted with boiling alcohol. The 
insoluble residue was twice recrystallised from benzene; it then 
formed colourless microscopic needles, m. p. 255—256° (slight 
decomp.) (* Found: C, 86-0; H, 5-0; M, eryoscopic in camphor, 
339, 334. C,,H,,O, requires C, 85-7; H, 48%; M, 336). 

This acetate gave a colourless solution with a violet fluorescence in 
benzene, and a yellow solution with a green fluorescence in alcoholic 
potassium hydroxide. 

1:2:7:8-Dibenzanthracene (IV). Crude 1:2:7: 8-dibenz-10- 
anthrone (III) (8 g.) was reduced by zine dust (15 g.) and boiling 
N-sodium hydroxide (500 c.c.) for 3 hours. The solid was collected, 
and extracted with hydrochloric acid to remove as much excess zinc 
as possible. The undissolved resin was dissolved in acetic acid, and 
the filtered solution treated with picric acid (10 g.). The brick-red 
picrate (2-5 g.) was collected, decomposed with ammonia, and the 
crude hydrocarbon sublimed in a vacuum; the sublimate was dis- 
solved in benzene and treated with an equal weight of picric acid. 
After recrystallisation from benzene, 1 : 2:7 : 8-dibenzanthracene 
picrate formed long crimson needles, m. p. 210° (*Found: N, 8-3. 
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CoH 14,CgH,0,N, requires N, 8-3%). Excess of picric acid gave a 
picrate of a lighter colour and different crystalline form, possibly a 
dipicrate, which was converted into this monopicrate by repeated 
crystallisation from benzene. 

A benzene solution of the 1 : 2 : 7 : 8-dibenzanthracene picrate was 
shaken with dilute sodium carbonate solution, the benzene removed 
on the water-bath, and the residue recrystallised from acetic acid 
(*Found: C, 94:7; H, 5-1. C,,H,, requires C, 94-9; H, 5-1%). 
1: 2:7: 8-Dibenzanthracene formed long, colourless, silky needles, 
m. p. 196°, and gave no colour with concentrated sulphuric acid. 
Oxidation with sodium dichromate in acetic acid gave a substance 
identical with the 1:2: 7: 8-dibenzanthraquinone prepared as 
described under Method II. 

Method II.—m-Phenylenediaceticacid Asuspension of m-xylylene 
dicyanide (30 g.) in concentrated sulphuric acid (100 c.c.) and water 
(200 c.c.) was boiled under reflux for 2 hours. The solid which 
separated on cooling was recrystallised from hot water and gave pure 
m-phenylenediacetic acid, m. p. 171—172°. A solution of the acid 
(156 g.) in hot methyl alcohol (500 c.c.) was treated with a solution 
of potassium hydroxide (90 g.) in methyl alcohol (200 c.c.). The 
dipotassium salt crystallised on cooling, and a further quantity was 
obtained from the liquors by concentration. In this way, 335 g. of 
m-xylylene dicyanide were converted into 373 g. of m-phenylene- 
diacetic acid, which gave 457 g. of the dipotassium salt. 

Di - «- 0 - nitrobenzylidene -m - phenylenediacetic acid (V). Dry 
potassium m-phenylenediacetate (54 g.) was heated under reflux 
at 130—140° for 7 hours with o-nitrobenzaldehyde (70 g.) and 
acetic anhydride (400 c.c.). The hot liquid was poured into a large 
volume of water and kept over-night ; the aqueous liquid was then 
decanted, and the residual resin dissolved in hot dilute sodium 
carbonate solution. The filtered solution was acidified with hydro- 
chloric acid, and the precipitate collected, washed, and dried in a 
vacuum desiccator. The light brown powder was extracted with 
boiling benzene, which removed resinous material, and recrystallised 
from methyl alcohol (animal charcoal), glacial acetic acid, and 
finally methy] alcohol (Found : C, 62-7; H, 3-9; N,6-1. C,,H,,0,N, 
requires C, 62-6; H, 3-5; N,6-1%). This dinitro-acid (V) formed 
small colourless leaflets, m. p. 239—240°, unchanged by further 
crystallisation of the sparingly soluble ammonium salt. 

The diethyl ester was formed when a suspension of the dinitro-acid 
(5 g.) in alcoholic hydrogen chloride (50 c.c.) was boiled for 3 hours. 
It separated from methyl alcohol in large colourless crystals, m. p. 
106—107° (Found: C, 64-9; H, 5-0. C,gH,,0,N, requires C, 65-1; 
H, 4-7%). 
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Di-«-0-aminobenzylidene-m-phenylenediacetic acid (V1). The di- 
nitro-acid (V) was readily reduced by ferrous hydroxide or by 
aqueous sodium sulphide, but in spite of many attempts under 
various conditions, no product of definite m. p. could be isolated. 
This was probably due to the production of mixtures of stereo- 
isomerides, as sodium nitrite titrations indicated that the products 
consisted essentially of the diamino-compound. Moreover, the 
analytical samples of diamino-acid showed a deficiency in carbon ; 
this indicated retention of solvent, for the discrepancy was removed 
when the dihydrochloride was prepared. The following experiments 
are typical : 

(i) A boiling solution of the dinitro-acid (V) (5 g.) in water 
(60 ¢.c.) and concentrated aqueous ammonia (5 c.c.) was added 
slowly to a boiling suspension prepared by the addition of con- 
centrated aqueous ammonia (200 c.c.) to a solution of ferrous 
sulphate (65 g.) in water (600 c.c.). After boiling for 4 hour, the 
suspension was filtered, and the filtrate heated to boiling in an open 
vessel for some time, whereby a small amount of hydrated iron 
oxides was precipitated. The iron oxide sludge was extracted 
several times with boiling dilute aqueous ammonia, and the com- 
bined filtrates were cooled and acidified with dilute acetic acid. 
The yellow precipitate was collected and purified by crystallisation 
of the sparingly soluble dihydrochloride. This was then dissolved 
in aqueous ammonia, and the diamino-acid reprecipitated by dilute 
acetic acid and dried in a vacuum desiccator. The dry diamino- 
acid was dissolved in methyl alcohol, and the solution concentrated 
(in other reductions, effected by heating for a longer period with a 
smaller excess of ferrous hydroxide or with sodium sulphide, canary- 
yellow plates separated at this stage; these melted indefinitely at 
about 80° and had substantially the same elementary composition 
as the product now to be described). The cold clear solution was 
diluted somewhat with water. Crystallisation slowly set in, and 
the product was recrystallised from dilute alcohol. The diamino- 
acid (V1) formed a yellowish crystalline powder, and either melted 
and gave off gas at 150°, or sintered at about 146°, but was not 
completely molten at 200°, the behaviour depending upon the rate 
of heating (Found: C, 70-1; H, 5-7. C,,H..0,N,,C,H,O requires 
C, 69-9; H, 59%). 

The dihydrochloride separated from a solution of the diamino-acid 
(VI) in dilute hydrochloric acid as an almost colourless, crystalline 
powder, which was dried in a vacuum desiccator over sulphuric 
acid and potassium hydroxide. It melted at 240° (with intum- 
escence) after sintering (Found : C, 60-7; H, 5-8. C,,H,.0,N,,2HCl 
requires C, 60-9; H, 4-7%). 
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(ii) The dinitro-acid (V) (20 g.) was reduced by a ferrous hydroxide 
suspension prepared from ferrous sulphate (250 g.), water (1250 ¢.c.), 
and concentrated aqueous ammonia (150 c.c.), exactly as described 
under (i) except that the whole was heated on the water-bath for 
5 hours. The crude diamino-acid (15 g.) was purified through the 
dihydrochloride, and the reprecipitated diamino-acid (13 g.) used 
for the Pschorr reaction. 

Pschorr reaction with di-«-0-aminobenzylidene-m-phenylenediacetic 
acid. An ice-cold aqueous solution prepared from the diamino-acid 
(8-3 g.), potassium carbonate (3 g.), and sodium nitrite (2-84 g., 1.e., 
the requisite amount for complete tetrazotisation, determined by 
titration) was added, slowly with agitation, to ice-cold 5N-sulphuric 
acid (150 ¢.c.).. To the clear yellow solution was added precipitated 
copper powder (15 g.), and the suspension shaken at room tem- 
perature for 15 hours; a filtered sample then gave no colour with 
alkaline $-naphthol. The product was collected, washed with 
water, and extracted with hot dilute sodium carbonate solution. 
The copper powder was removed by filtration (which proceeded 
extremely slowly) and the filtrate acidified, heated to boiling, and 
the precipitate collected and dried at 100° (6-75 g.). This was 
extracted with boiling methy] alcohol (300 c.c.), and the insoluble 
residue washed with a little boiling glacial acetic acid, then with 
alcohol, and dried (0-95 g.). This product was the crude 1 : 2:7: 8- 
dibenzanthracene-4 : 5-dicarboxylic acid (VII). The methyl- 
alcoholic extract was concentrated to about 20 c.c., and the solution 
cooled. The light brown crystalline powder (2-3 g.) which separated 
was shown to be the hydroxy-acid, C,,H,,0; (VIII). The methyl- 
alcoholic liquors contained dark brown resinous substances from 
which no pure compound could be isolated. 

1: 2:7 : 8-Dibenzanthracene-4 : 5-dicarboxylic acid (VII). A solu- 
tion of the crude acid (0-5 g.) in very dilute sodium hydroxide was 
boiled for 4 hour with animal charcoal, and the filtered solution 
evaporated to small bulk. The sodium salt, which crystallised on 
cooling, was recrystallised from hot water and then formed colourless 
pearly leaflets, which were dissolved in boiling water and the solution 
acidified. The gelatinous precipitate was collected, washed, and 
dried (0-12 g.), and recrystallised from boiling nitrobenzene (150 c.c.). 
The dicarboxylic acid (VII) formed pale yellow, hair-like, microscopic 
needles, m. p. above 365° (*Found: C, 78:2; H, 3-7. C,,H,,0, 
requires C, 78-7; H, 385%). Oxidation of this acid with sodium 
dichromate in acetic acid led to a product which gave a bright red 
vat with zinc dust and sodium hydroxide solution. 

1:2:7:8-Dibenzanthracene (IV). The crude dicarboxylic acid 
(VII) (0-5 g.) was sublimed at 340—350°/3—4 mm., and the sublim- 
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ate (0:2 g.) extracted with benzene (there remained undissolved 
0-05 g. of material which was mostly soluble in dilute aqueous 
ammonia). The benzene extract was treated with picric acid 
(0-15 g.), and the resulting picrate recrystallised from benzene. It 
formed long crimson needles, m. p. 209—210°, alone or mixed with 
a sample of 1:2:7:8-dibenzanthracene picrate prepared as 
described under Method I. The hydrocarbon regenerated from 
the picrate was identical with the 1: 2:7 : 8-dibenzanthracene 
formed by the first method. When the pure acid was employed, 
it was largely charred at the higher temperature (400—420°) required 
for decarboxylation. 

1: 2:7: 8-Dibenzanthraquinone (X1I).—The hydrocarbon (0-1 g.) 
was oxidised by sodium dichromate (0-2 g.) in boiling glacial acetic 
acid (10 c.c.) for } hour. The compound which crystallised on 
cooling was recrystallised from benzene ; it then melted at 224—225° 
after sintering. For purification, the substance was boiled with 
zine dust and dilute sodium hydroxide solution, and the bright red 
filtered solution oxidised by atmospheric oxygen. The precipitate 
was collected, sublimed at 200—230°/4 mm., and the sublimate 
recrystallised from glacial acetic acid (*Found: C, 85-7; H, 4-0. 
C,.H,,0, requires C, 85°7; H, 3-9%). 1:2: 7: 8-Dibenzanthra- 
quinone (XI) formed deep orange, silky needles, m. p. 225—226°. 


Derivatives of 1’ : 3’-Naphtha-3 : 4-pyrene. 

«-0-Hydroxybenzylidene-10-carboxy-2-phenanthrylacetic Acid (VIII). 
—The crude hydroxy-acid, formed as a product of the Pschorr 
reaction (p. 1482), was recrystallised twice from acetic acid; it then 
formed a cream-coloured crystalline powder, m. p. 326—327°, free 
from nitrogen (Found : C, 75-3; H, 4-2. C,,H,,0, requires C, 75-0; 
H, 4:2%). 

When a warm alkaline solution of this hydroxy-acid was shaken 
with methyl sulphate, some methylation occurred, but the reaction 
was incomplete and the product contained unchanged hydroxy-acid. 

1’ : 3’-Naphtha-3 : 4-pyren-5-one-10-carboxylic Acid (IX).—The 
aforesaid hydroxy-acid (VIII) (0-3 g.) was sublimed at 330—350°/ 
3—4 mm. The yellow sublimate was washed with boiling xylene 
and recrystallised from nitrobenzene (*Found: C, 82-3; H, 3-5. 
C,,H,,0, requires C, 82-7; H, 35%). This carboxylic acid formed . 
very sparingly soluble, canary-yellow, microscopic needles, giving a 
yellow solution in boiling, very dilute sodium carbonate solution 
and a red solution in concentrated sulphuric acid. The m. p. varied 
from 360° to 380°, depending upon the rate of heating. 

Methyl 1’: 3’-Naphtha-3 : 4-pyren-5-one-10-carboxylate—A solu- 
tion of the hydroxy-acid (VIII) (0-55 g.) in N-sodium hydroxide 
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(5c.c.) was evaporated to dryness on the water-bath. The powdered 
residue was suspended in methyl sulphate (3 c.c.), heated (oil-bath 
at 120—140°) for } hour, and cooled, alcohol added, and the yellow 
solid collected, washed with alcohol, and extracted with boiling 
water. The insoluble residue (0-48 g.) was recrystallised three 
times from nitrobenzene and washed with boiling benzene; it then 
formed canary-yellow microscopic needles, m. p. 253—254° (*Found : 
C, 82-5; H, 4:0; M, cryoscopic in camphor, 417, 400. C,,;H,,0, 
requires C, 82-85; H, 3-9%; M, 362). 

This methyl ester was hydrolysed by boiling for an hour with 
alcohol (50 c.c.) and potassium hydroxide (2 g.). A large volume 
of water was added, and the alcohol removed by distillation. 
Acidification of the clear orange-yellow boiling solution gave a 
gelatinous precipitate, which was recrystallised from nitrobenzene 
and shown by direct comparison to be identical with the naphtha- 
pyrenonecarboxylic acid (IX) formed by pyrolysis of the hydroxy- 
acid, 

1’ : 3’-Naphtha-3 : 4-pyrene-5 : 9 : 10-trione (X).—A suspension of 
the yellow monocarboxylic acid (IX) (0-05 g.) in acetic acid (20 c.c.) 
was boiled for 12 hours, sodium dichromate (0-4 g. in all) being 
added in portions during the first 6 hours. The yellow solid in 
suspension was gradually replaced by rosettes of bright red needles, 
which were recrystallised from nitrobenzene. The trione, m. p. 
above 365°, was not obtained quite pure, on account of the insoluble 
nature of these compounds, but the analytical figures clearly showed 
that oxidation to the quinone was accompanied by decarboxylation 
(*Found: C, 81-7; H, 3-1. C,H, 0, requires C, 82-6; H, 3-0%). 

1’: 3’-Naphtha-3 : 4-pyren-5-one.—The hydroxy-acid (VIII) (0-1 g.) 
was heated in a metal-bath at 420° for 10 minutes, by which time 
gas evolution had ceased. The residue was sublimed at 300— 
320°/3 mm., and the sublimate recrystallised from xylene. The 
naphthapyrenone formed soft canary-yellow needles, m. p. 268—269°, 
and gave a pale green solution, with a strong red fluorescence, in 
concentrated sulphuric acid (*Found: C, 90-8; H, 4:0. ©,,H,,0 
requires C, 90-8; H, 4:0%). 


The author has received valuable assistance in the preparation 
of material from Mr. F. Goulden, and many of the analyses (marked 
with an asterisk) were micro-analyses by Dr. A. Schoeller. 


THe Researcu INSTITUTE OF THE CANCER HospiTaL (FREE), 
Lonpon, 8.W. 3. (Received, March 15th, 1932.] 
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198. The Constituents of Guaiacum Resin. Part I. 
Synthesis of Pyroguaiacin Methyl Ether. 


By Rosert Downs Haworrts and Cecm, Ropert Mavin. 


Our knowledge of the nature of guaiacum resin is due largely to the 
investigations of Herzig (Monatsh., 1892, 13, 822; 1897, 18, 714; 
1898, 19, 95) and Doebner (Arch. Pharm., 1896, 234, 590, 610, 614). 
Three phenolic substances, guaiaretic, guaiaconic, and guaiacic acids, 
have been isolated by the action of alkali on the resin. Schroeter, 
Lichtenstadt, and Irineu (Ber., 1918, 51, 1537) have assigned a 
constitution to the crystalline guaiaretic acid, but the so-called 
guaiaconic and guaiacic acids are probably heterogeneous (see 
Richter, Arch. Pharm., 1906, 244, 90; Schroeter, Lichtenstadt, and 
Irineu, loc. cit.). 

Most of the evidence relating to the structure of the resin and the 
constituent acids has been obtained from a study of their dry 
distillation products. When guaiacum resin is distilled it yields 
guaiacol, creosol, tiglic aldehyde, and pyroguaiacin along with 
unrecognisable products. Pyroguaiacin was first isolated by Wieser 
(Wien. Akad. Ber., 1881, 464) and later work has shown that it is a 
methoxy-phenol, C,,H,,0,. Wieser showed that it was converted 
into guaiaene, C,.H,., by distillation with zinc dust and the synthet- 
ical experiments of Schroeter, Lichtenstadt, and Irineu (loc. cit.) 
proved guaiaene to be 2: 3-dimethylnaphthalene. These authors 
suggested that pyroguaiacin is a hydroxymethoxyguaiaene of struc- 
ture (I; R = H), and this structure has now been confirmed by 
the synthesis of its methyl ether (I; R = Me). 


CO,H co 
R e Me \cCHR Me CHR 
Me e Me \ /CHR Me CHR 
CO CH, 
(1.) (II.) (III.) 


Preliminary experiments were carried out in order to devise a 
suitable method of converting veratrole into dimethoxynaphthalene 
derivatives. 

8-3 : 4-Dimethoxybenzoylpropionic acid (II; R = H) (Bargellini 
and Giua, Gazzetta, 1912, 42, 197) was reduced to y-3 : 4-dimethoxy- 
phenylbutyric acid, which was converted into 1-keto-6 : 7-dimethoxy- 
1: 2:3: 4-tetrahydronaphthalene (III; R =H). The ketone (III) 
was reduced to the corresponding tetrahydronaphthalene, which 
when dehydrogenated with selenium yielded the 2 : 3-dimethoxy- 
naphthalene of Friedlander and Silberstein (Monatsh., 1902, 28, 520) 
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and Kauffmann and Beisswenger (Ber., 1903, 36, 569). The ketone 
(III) was also condensed with methylmagnesium iodide, and the 
product dehydrogenated to 6 : 7-dimethoxy-1-methylnaphthalene, 
prepared by Luff, Perkin, and Robinson (J., 1910, 97, 1132). 

The synthesis of pyroguaiacin methyl ether was effected by a 
similar series of reactions using «$-dimethylsuccinic anhydride 
(Higson and Thorpe, J., 1906, 89, 1463), both the cis- and the trans- 
form of which, when condensed with veratrole, yielded the same 
8-3 : 4-dimethoxybenzoyl-«B-dimethylpropionic acid (Il; R= Me), 
which was converted into 1-keto-6 : 7-dimethoxy-2 : 3-dimethyl- 
1:2:3: 4-tetrahydronaphthalene (III; R = Me), and pyroguaiacin 
methyl ether. The synthetical product and its derivatives agree in 
properties with the corresponding substances obtained by Schroeter, 
Lichtenstadt, and Irineu (loc. cit.) from guaiacum resin, but a direct 
comparison has not been, made. 


EXPERIMENTAL. 

8-3 : 4-Dimethoxybenzoylpropionic Acid (Il; R = H).—After 
veratrole (16 g.) and succinic anhydride (11 g.) had been kept in a 
solution of anhydrous aluminium chloride (30 g.) in nitrobenzene 
(100 ¢.c.) for 24 hours, dilute hydrochloric acid was added, and the 
mixture distilled in steam. The residue was filtered hot, and 
8-3 : 4-dimethoxybenzoylpropionic acid (22-2 g.) separated from the 
cooled filtrate. It crystallised from boiling water in colourless 
prisms, m. p. 160—161° (Found: C, 60-3; H, 6-1. Cale. for 
Cy.H,,0;: C, 60-5; H, 5-9%). 

y-3 : 4-Dimethoxyphenylbutyric Acid.—The preceding acid (10 g.), 
concentrated hydrochloric acid (22 c.c.), and amalgamated zinc 
(14 g.) were boiled for 4 hours. After dilution with water the 
product was isolated by means of ether, dissolved in sodium bicarbon- 
ate solution, shaken with ether, acidified, extracted and dried 
(sodium sulphate) in ether, recovered, and distilled at 0-2mm. The 
distillate crystallised from chloroform-light petroleum (b. p. 60— 
80°) in colourless prisms, m. p. 57—59° (Found: equiv., 230. 
C,.H,,0, requires equiv., 224). The acid on treatment with bromine 
in acetic acid gave y-2-bromo-4 ;: 5-dimethoxryphenylbutyric acid, 
which crystallised from aqueous acetic acid in colourless prisms, 
m. p. 135—136° (Found : equiv., 298. C,,H,,0,Br requires equiv., 
303). 

1-Keto-6 : 7-dimethoxy-1 : 2 ; 3 : 4-tetrahydronaphthalene (Ili; R= 
H).—y-3 : 4-Dimethoxyphenylbutyric acid (4 g.) and 95% sulphuric 
acid (8 c.c.) were heated on the water-bath for } hour. An ethereal 
extract of the diluted solution was washed with water and then with 
dilute aqueous ammonia, dried with potassium carbonate, and freed 
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from solvent; the residue (3 g.) crystallised from petroleum (b. p. 
100—120°) in colourless well-defined prisms, m. p. 98—99° (Found : 
C, 69-9; H, 6-7. C,,H,,0, requires C, 69-9; H, 68%). The 
oxime crystallised from alcohol in long needles, m. p. 157—158° 
(Found: N, 6-5. C,,H,,0,N requires N, 6-3%), and the semicarb- 
azone from much alcohol in small crystals, m. p. 247—-249° (decomp. ). 

6 : 7- Dimethoxy - 1 -methylnaphthalene.—The ketotetrahydronaph - 
thalene derivative (III; R = H) (2 g.) in ether (30 c.c.) was treated 
with the methylmagnesium iodide prepared from magnesium (0-3 g.) 
and methyl iodide (1-1 c.c.) in ether (15 c.c.). The mixture was 
warmed for 1 hour and decomposed with ammonium chloride, and 
from the washed and dried ethereal solution a brown oil was isolated. 
This was heated with formic acid (5 c.c.) on the water-bath for 10 
minutes. From the mixture, diluted with water, ether extracted a 
substance, which was heated with selenium (5 g.) for 24 hours at 
300—330°. 6 : 7-Dimethoxy-1-methylnaphthalene; extracted in light 
petroleum (b. p. 60—80°) and distilled over sodium at 0-2 mm., 
crystallised from alcohol in colourless plates, m. p. 110—111° 
(Found: C, 77-4; H, 7-1. C,,H,,0, requires C, 77-2; H, 6-9%). 
The picrate crystallised from alcohol in long orange needles, m. p. 
116—117° (Found : N, 10-0. C,,H,,0,N;, requires N, 9-8%). 

2 : 3- Dimethoxynaphthalene——The  ketotetrahydronaphthalene 
(III; R = H) (1-4 g.), amalgamated zinc (2-3 g.), and concentrated 
hydrochloric acid (3 c.c.) were boiled for 12 hours. The product was 
isolated in ether, distilled at 0-2 mm., and heated (1 g.) with selenium 
(2 g.) at 270—290° for 16 hours. 2: 3-Diniethoxynaphthalene, 
isolated in chloroform, crystallised from light petroleum (b. p. 60— 
80°) in colourless jagged prisms, m. p. 115—117° (Found: C, 76-4; 
H, 65. Cale. for C,,H,,0,: C, 766; H, 64%). The picrate 
crystallised from methyl alcohol in slender orange needles, m. p. 
131—132° (Found: N, 10-2. C,,H,,0,N, requires N, 10-1%). 

8-3 : 4-Dimethoxybenzoyl-«B-dimethylpropionic Acid (II; R= 
Me).—-Veratrole (4 g.) and cis-or trans-«8-dimethylsuccinic anhydride 
(3-6 g., distilled under reduced pressure), were added to a solution of 
anhydrous aluminium chloride (8-4 g.) in nitrobenzene (20 c.c.). 
After 24 hours, dilute hydrochloric acid was added, the mixture 
distilled in steam, the residual oil extracted with ether, and the acid 
dissolved in sodium bicarbonate solution, recovered, and crystal- 
lised from dilute acetic acid, forming white plates (2-9 g.), m. p. 
165—166° (Found: C, 63:3; H, 6-9; equiv., 269. C,,H,,0; 
requires C, 63-2; H, 6-8%; equiv., 266). 

1- Keto-6 : 7 -dimethoxy-2 : 3-dimethyl-1 : 2 : 3 : 4-tetrahydronaph- 
thalene (IIL; R = Me).—The acid (II; R = Me) (2g.), concentrated 
hydrochloric acid (4 c.c.), and amalgamated zinc (2-6 g.) were boiled 
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for 4 hours. The product, isolated by ether extraction and purified 
by solution in sodium bicarbonate, was an oil, which was converted 
into (III; R = Me) by warming with 90% sulphuric acid (4 c.c.) 
on the water-bath for } hour. The deep red solution was diluted 
with water and extracted with chloroform, the extract washed with 
water and aqueous ammonia and dried, the solvent removed, and the 
residue distilled at 0-2 mm. The distillate crystallised from light 
petroleum (b. p. 60—80°) in jagged prisms (0-5 g.), m. p. 135—136° 
(Found: C, 71-8; H,7-8. C,,H,,0, requires C, 71-8; H, 7-7%). 
Pyroguaiacin Methyl Ether (1; R = Me).—The ketotetrahydro- 
naphthalene (III; R = Me) (0-6 g.) was reduced with zinc (0-9 g.) 
and concentrated hydrochloric acid (1-5 ¢.c.) for 12 hours. The 
product, isolated with ether, was a brown oil (0-56 g.), which was 
heated with selenium (5 g.) at 280—320° for 20 hours. The crude 
naphthalene derivative was extracted in light petroleum and 
crystallised from methyl alcohol and then from light petroleum 
(b. p. 60—80°) ; colourless needles, m. p. 149—150° (S. L. and I. give 
149—150°) were obtained (Found: C, 77-5; H, 7-4. Cale. for 
C,,H,,0,: C, 77-8; H,7-4%). The picrate separated from methy! 
alcohol in long red needles, m. p. 130—131° (Found: N, 9-6. 
Cy9H ,,O,N, requires N, 9-4°%). The quinone, prepared as described 
by Schroeter, Lichtenstadt, and Irineu, who give m. p. 241—242° 
(loc. cit.), crystallised from glacial acetic acid in slender yellow needles, 


m. p. 241—242°. 
UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, March 15th, 1932.] 





199. The Rearrangement of Hydroxy-sulphones. 
Part III. 


By Atrrep A. Levi and SAMUEL SMILEs. 


PREVIOUS communications (J., 1931, 2207, 3264; this vol., p. 1040) 
on the rearrangement of o-hydroxy-sulphones have been mainly 
concerned with the influence of nitro- or methanesulphonyl groups 
on the carbon atom from which sulphony] is displaced. In support 
of the view (J., 1931, 917) that this change and the retrograde 
conversion of the thiol oxide into hydroxy-sulphide areintramolecular 
displacements, and that the provision of conditions which permit 
contiguity of the atoms concerned, sulphur, oxygen, and carbon 
of the aromatic nucleus, must be regarded as important, it has 
now been shown that, whereas the o-hydroxy-sulphone (I) smoothly 
undergoes conversion (J., 1931, 3264) into the sulphinic acid (II) in 
presence of alkali, the p-hydroxy-derivative (III) does not and is 
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instead merely hydrolysed, yielding o-nitrophenol. Moreover, the 
view adopted implies that these displacements should be realisable 
intermolecularly, although it may be expected that the conditions 
then required would be more intense than those sufficient to effect 
the intramolecular eo Wr Accordingly it is found that the 


SO,H 
ae. =O XQ ine} 
HO 
OH 
(II.) (IIT.) 


seascsateaiaian group of (IV) may be displaced by reaction with 
sodium p-tolyloxide, the o-nitropheny] p-tolyl ether (V) being formed. 


NO, NO, NO, 
SO 
H, 
(IV.) (V.) (VI.) 


2-Nitrodiphenylamine is obtainable from (IV) by reaction with 
aniline, and this displacement of the benzenesulphonyl by the 
phenylamino-group indicates the possibility of effecting the intra- 
molecular displacement in o-amino-sulphones of the type (VI). 
The p-nitro-derivative (VII) is converted by the usual rearrangement 
into the sulphinic acid (VIII), which has been characterised by the 
corresponding disulphide, and by degradation to p-nitrophenyl p-tolyl 
ether (IX), identified by comparison with synthetic material. The 
chief interest attached to this case lies in a comparison with the 
corresponding 0-nitro-sulphone (I). Accurate methods of measuring 
the speeds of these rearrangements are at present not available, 
but the conditions required in each case leave no doubt that the 
rearrangement of (VII) proceeds more slowly and less smoothly 


(80. ASOH a” 0, 
NO, WO, © oH ‘NO, \o” 
(IX.) 


than that of : I). Evidently this i must be attributed to a more 
weakly positive character of the carbon atom from which sulphonyl 
is displaced in the p-nitro- as compared with that in the o-nitro- 
sulphone. It was suggested (J., 1931, 3266) that the smooth 
rearrangement of (I) may be assisted by the operation of a mechan- 
ism involving a quinonoid nitronic ion, but data then available and 
others since obtained with a different type of sulphone (this vol., 
p. 1040) have not permitted any conclusion as to the relative import- 
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ance of this process in the conversion. In the sulphones (I) and 
(VII) there appears to be equal opportunity for the establishment 
and operation of the mechanism; it is therefore concluded that, 
although the formation of the nitronic ion may assist the progress 
of the change, the mechanism involved is not of primary importance 
to it. So far as the migrating group is concerned, the process 
appears to depend primarily on the positive character of the carbon 
atom from which sulphonyl is displaced. Further information on 
this question is being sought. 


ExPERIMENTAL. 


2-Nitro-4'-hydroxydiphenyl Sulphide.—2-Nitrophenyl chlorothiol 
and a slight excess of dry phenol were heated together (100°) until 
reaction was complete. The remaining phenol was removed by a 
current of steam, and the cooled residue purified from benzene; m. p. 
132° (compare Zincke, Annalen, 1912, 391, 85). 

2-Nitro-4'-hydroxydiphenylsulphone (I11).—‘‘ Hyperol”’ (6 mols.) 
was gradually added to a warm stirred solution (90—100°) of the 
sulphide (10 g.) in acetic acid (100 c.c.). When a sample of the 
product no longer gave a blue colour with sulphuric acid, the 
mixture was diluted with water; the sulphone obtained crystallised 
from xylene (60% yield) in prisms, m. p. 255—256° (Found : C, 51-6; 
H, 5-6; 8, 11-5. C,,H,O;NS requires C, 51-6; H, 3-2; S, 11-5%). 
Like other sulphones of this class, the substance was readily decom- 
posed by exposure to sunlight. This sulphone was recovered 
unchanged from solutions in 2N-aqueous. or alcoholic sodium 
hydroxide after 2 hours, but after treatment (3 hours) with boiling 
aqueous 2N-sodium hydroxide o-nitrophenol was isolated from the 
products in almost theoretical amount. 

2-Nitrodiphenylsulphone (IV).—Excellent yields of the requisite 
sulphide, uncontaminated by the resinous matter observed by 
Mauthner (Ber., 1906, 39, 3597), were obtained from sodium phenyl 
mercaptide and excess of 2-bromonitrobenzene at 100°, the use of 
copper being unnecessary : after removal of the excess of the halogen 
derivative by steam, the residue crystallised from alcohol in yellow 
needles, m. p. 80° (Found: C, 62-5; H, 4-1. Cale.: C, 62-3; H, 
39%). The sulphide was oxidised (100°) in acetic acid by gradual 
addition of “‘ hyperol”’ (4 mols.). The sulphone, isolated in the 
usual manner, crystallised from alcohol in prisms, m. p. 145° 
(Found: C, 54-4; H, 3-8; 8, 12-1. C,,H,O,NS requires C, 54-7; 
H, 3-4; 8, 122%). 

The sulphone was readily attacked by boiling alcoholic sodium 
hydroxide, yielding o-nitropheno]. A solution of the sulphone in 
aqueous alcohol containing a slight excess of sodium p-tolyloxide 
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was boiled for 6 hours, then made alkaline with sodium hydroxide, 
and submitted to steam-distillation; o-nitrophenyl p-tolyl ether, 
which slowly volatilised, was collected from the distillate in ether 
and crystallised from light petroleum; m. p. and mixed m. p. 48° 
(Found : N, 6-3. Calc.: N, 6-1%). A solution of the sulphone in 
aniline was boiled for 2 hours; 2-nitrodiphenylamine, which slowly 
volatilised in steam, was removed by ether from the acidified 
distillate and crystallised from methyl alcohol, forming red plates, 
m. p. 76° (Found : N,12-9. Calc. : N,13-1%). Fischer (Ber., 1891, 
24, 3796) gives m. p. 75°. 

4-Nitrophenyl 4-Hydroxy-m-tolyl Sulphide (compare VII).—This 
was obtained by interaction (24 hours, 20°) of p-nitrophenyl chloro- 
thiol and p-cresol in dry chloroform. The impure product was 
isolated by removal of the solvent. If the chlorothiol used had been 
prepared from crude di-p-nitrodiphenyl disulphide, the product 
contained di-p-nitrodiphenyl sulphide; the latter was conveniently 
eliminated at this stage by solution of the required hydroxy-sulphide 
in aqueous alkali hydroxide. After liberation from this solution 
the sulphide crystailised from dilute acetic acid (50%) in yellow 
needles, m. p. 100° (Found: C, 60-0; H, 4:5; N, 5-2. C,,H,,0O,NS 
requires C, 59-8; H, 4:2; N, 5-3%). 

4-Nitrophenyl-4'-hydroxy-m-tolylsulphone (VII).—This was pre- 
pared (“ hyperol,” 4 mols. ; sulphide, 10 g., in acetic acid, 100 c.c. ; 
3—4 hours at 90°) and isolated (80% yield) in the same way as the 
sulphone (III); it crystallised from dilute acetic acid in prisms, 
m. p. 158° (Found : C, 53-5; H, 3-9; 8, 11-2. C,,H,,0;NS requires 
C, 53-2; H, 3-7; 8, 10-9%), and gave a colourless solution in 
sulphuric acid. 

4-p-Nitrophenoxytoluene-3-sulphinic Acid (VIII).—The sulphone 
(VII) was warmed with excess (6 mols.) of 2N-aqueous alkali 
hydroxide at 90°; the sulphinic acid (maximum yield, about 70%), 
isolated in the usual manner, crystallised from aqueous acetone in 
needles, m. p. 113—114°, which gave a blue solution in sulphuric 
acid (Found: C, 53-5; H, 3-9. C,,;H,;,0;NS requires C, 53-2; 
H, 3-7%). 

Di-4-p-nitrophenoxydi-m-tolyl Disulphide (compare VIII).—The 
sulphinic acid was converted by hydrogen iodide and a little sul- 
phurous acid in acetic acid into this disulphide, which formed needles, 
m. p. 182°, from acetic acid (Found: C, 59-7; H, 43; 8S, 12-6; 
M, 516. C©,,H.,0,N,S, requires C, 60-0; H, 3-8; 8, 123%; MM, 
520). 

p-Nitrophenyl p-Tolyl Ether (1X).—The sodium salt of the sulphinic 
acid (VIII) was oxidised in aqueous solution with the theoretical 
amount of permanganate required for conversion into sulphonate. 
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After removal of oxides of manganese the solution was treated with 
excess of carbon dioxide and evaporated. The residue when 
warmed with sulphuric acid (60%) rapidly yielded the required 
ether as an oil (80%). This, removed in ether from the diluted 
mixture, crystallised from methyl alcohol in prisms, m. p. 66°, 
which darkened on exposure to light (Found : C, 68-1; H, 4-7; N, 
6-3. Cale.: C, 68-1; H, 4:8; N,6-1%). Cook (J. Amer. Chem. Soc., 
1903, 25, 60) gives m. p. 66°. i 
Krine’s CoLteGe, Lonpon. [Received, March 30th, 1932.] 





200. The Parachor and Chemical Constitution. Part 
XVIII, Additive Compounds of Boron Trifluoride. 


By SamvEt SuepEN and MicuarL WALOFF. 


THE additive compounds of boron trifluoride with ethers and other 
compounds are of special interest in connexion with the electronic 
theory of valency, and we have therefore determined the parachors 
of a number of these substances. We are much indebted to Prof. 
G. T. Morgan and Mr. R. Taylor for supplying the first five substances 
listed in the table below. 

The substances examined can all be formulated as shown in (I), 
in which the link between boron and oxygen is a “ co-ordinate 
Po Sk F link ’”’ or a semipolar double bond. An allowance 

\ 6—BZF of — 1-6 units was therefore made for this link in 
R,7 \F the calculation of the parachor. The constant used 

(I.) for boron was 16-4 (Etridge and Sugden, J.; 
1928, 989), and for fluorine the new value of 25-0 was employed 
(Allen and Sugden, this vol., p. 760). 

The experimentally determined parachors agree in general well 
with the calculated values (Table I). Substances Nos. 2 and 6 
show small negative anomalies which have been verified by examin- 
ation of two independently prepared specimens; the smaller devi- 
ations found for the other substances are of the order of magnitude 
to be expected from the small constitutional effects which are known 
to influence the parachor. 


TABLE I. 
No. Additive compound of BF, with [P]obs. [P] calc. Diff. Ek. 
1 Methyl formate 228-4 227-8 +0-6 1-4 
2 Ethyl formate 262-7 266-8 —4-] 2-0 
3 Methyl acetate 269-8 266-8 +3-0 2-5 
4 Ethyl] acetate 303-1 305-8 —2-7 2-0 
5 Dimethyl ether 220-6 222-0 —b4,, 197 
6 Diethyl] ether ; 294-6 300-0 —5-4 1-9 
7 Methylacetanilide 453-2 452-5 +0-7 2-8 
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The last column of the table gives the Ramsay-Shields coefficient, 
k. The significance of this constant is somewhat doubtful, but it 
may be taken to indicate that these substances, with the exception 
of No. 1, are “‘ normal” liquids. The low value for the methyl 
formate compound is remarkable, especially in view of the fact 
that the parachor is normal. 

The theoretical interest of these results is concerned with two 
points involved in the structure shown in formula (I). These are 
(a) that two more than the normal number of electrons are shared, 
and (6) that the valency shell of the boron atom has increased from 
six to eight electrons. It was shown by one of us (Sugden, J., 
1929, 323; ‘The Parachor and Valency,” pp. 110, 133) that all the 
parachor anomalies ascribed to singlet linkages could be accounted 
for on another hypothesis, viz., that the sharing of an electron 
was accompanied by a contraction of — 11-6 units. This hypothesis 
can only be tested in compounds in which an element exhibits a 
valency higher than the normal valency (Sugden, loc. cit.), since 
in normal compounds any contraction on sharing is automatically 
allowed for in computing the atomic constants. Certain compounds 
of mercury and thallium of suitable constitution were examined 
and showed no contraction on sharing, and the hypothesis was 
therefore discarded. 

The observations on the thallium compounds have been criticised 
by Sidgwick and Sutton (J., 1930, 1461) on the ground that these 
substances are highly associated in solution. In our view this 
criticism does not affect the main point, for associated liquids 
usually give parachors a few units lower than the calculated value. 
Any effect of association would therefore be to increase the expected 
negative anomaly of — 23 units; since no appreciable negative 
anomaly was found, the hypothesis of a contraction on sharing 
cannot be maintained. Sippel (Ber,, 1930, 63, 2185) has, however, 
revived this hypothesis and used it as a basis for the interpretation 
of parachors. The data recorded above for the boron trifluoride 
compounds give further evidence against this view, The sharing 
of two electrons more than the normal number should give an 
anomaly of — 23-2. units, and none of the substances shows any- 
thing like this value, 

The second point concerns another hypothesis which has. been 
advanced to account for the anomalies ascribed by one of us to 
singlet linkages. Sidgwick (‘‘ The Electronic Theory of Valency,” 
p. 128; see also Sidgwick and Barkworth, J., 1931, 807; Sidgwick 
and Bayliss, J., 1930, 2027 ;. further, see Simons, J. Physical Chem., 
1931, 35, 2118) suggests that when the valency shell of an atom 
is increased above its normal value there is a contraction in the 

30 
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volume of the molecule due to the greater screening effect of the 
larger shell upon the electrostatic field of the atomic nuclei. This 
effect is considered to vary from atom to atom and ranges from 
— 12 for a co-ordinated hydrogen atom with a shell of four electrons 
to — 26 for a quinquevalent phosphorus atom with a shell of ten 
electrons. In both cases the outer shell contains two more than 
the normal number. This is true also for the boron trifluoride 
compounds in Table I; since these substances do not show any 
considerable negative anomaly, it is clear that the hypothesis of a 
parachor defect due to an enlarged valency shell must also be 
abandoned. The hypothesis of singlet linkages remains as the 
only one which accounts in a simple manner for the negative 
parachor anomalies found in higher halides, derivatives of 8-diketones, 
and other compounds. 

In an earlier paper (Sugden, J., 1929, 321) it was shown that 
acetylacetone borondifluoride gave a parachor which was incon- 
sistent with the singlet structure (II) and it was therefore concluded 
that it had the open-chain structure (III). By analogy with the 
boron trifluoride addition compounds, it is now evident that the 
chelate ring may be completed by a semipolar double bond as in 
(IV). The calculated parachors are shown below the formule; 
it will be seen that (IV) gives a value in excellent agreement with 
the observed parachor of 300-6. 


CH,-C—0., CH,-C— Hi o~ 0 
wed BF, Hcl F, Se 
cH. 0=0-" CH, U=0 ain 
[P] = 279-4 [P] = 296-5 [P] = 301-0 
(II.) (III.) (IV.) 
[oie ce indi¢ates a singlet link.] 


In the course of this work the action of boron trifluoride on a 
number of amines and amides was investigated. Aniline, methyl- 
aniline, dimethylaniline, and p-toluidine gave precipitates when 
mixed with the trifluoride in ethereal solution; the products were 
very hygroscopic and/or decomposed on melting, so they were 
not further examined. Definite compounds with acetanilide and 
methylacetanilide were prepared and analysed; of these only the 
latter proved suitable for the determination of its parachor. 


EXPERIMENTAL. 


The tables below are set out in the same manner as in earlier 
papers of this series and need no further description. All tem- 
peratures recorded are corrected for thermometer error and for 
exposed stem. 
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Methy! formate boron trifluoride, C,H,0,,BF;, M = 128; m. p. 


23-5°, b. p. 925°. Densities determined : D3!* 1-409, Di#* 1-398, Di” 
1-391, D?* 1-385, D®* 1-377, whence Di: = 1-450 — 0-00128¢. 


| EE Ee a 32° 37°5° 46-5° 54° 59° 

y, dynes/em. ... 39°30 38-61 37-99 37°41 36°58 

py ere 1-409 1-402 1-390 1-381 1-374 

aE. nestisenseneni 227-4 227-6 228-6 229-2 229-1 
Mean 228-4 


Ethyl formate boron trifluoride, C;H,0,,BF,, M = 142; m. p. 
3°, b. p. 103°. Densities determined (specimen 1): D' 1-323, D2” 
1-310, Df 1-299, D2 1-282, whence Di: = 1-346 — 0-00122¢. 


Specimen 1. 
Riibinieidiheiie hiner. 14-5° 23° 33° 43-5° §2-5° 
er ee ae 36-16 34-93 33-71 32-57 31-60 
En. Srathvcocccsethecs 1-329 1-318 1-306 1-293 1-282 
BPR Ol Siesdintecadl 262-0 261-8 262-0 262-3 262-5 
Specimen 2. 
Pidiccidgbovosccscdbct 16-5 36° 47° 57° 
ie gucteeneleviaeies 35-62 34-26 33°01 31-70 
BP i pichakdwesinnindes 1-326 1-302 1-289 1-276 
BPE cess cscesees 261-7 263-9 264-0 264-0 


Mean of all observations = 262-7. 
Methyl acetate boron trifluoride, C,H,0,,BF,, M = 142; m. p. 
61-5°. Densities determined: D?* 1-253, Ds 1-249, D® 1-244, 
Di 1-237, Df 1-229, DE” 1-221, whence Df = 1-324 — 0-00117¢. 


ial ato ti neabuubin nn 64° 70° 75° 81° 87° 
 Gaecpatirssénateed 31-71 31-30 30°39 29-80 28-88 
Mt hadhal dueedchendoon 1-249 1-242 1236 ~— 1-229 1-222 
ee eee 269-7 270-3 269-7 270-0 269-3 
Mean 269-8 


Ethyl acetate boron trifluoride, C,H,0,,BF,, M = 156; m. p. 
31°, b. p. 123°. Densities determined: D? 1-223, D#’ 1-217, 
D* 1-210, D® 1-200, Di” 1-190, whence Dj: = 1-276 — 0-00123¢. 


Rrasdapecesoamesecsin 39-5° 45° 59° 66° 

iP gonbessocessonente 31-92 30-85 29-87 29-45 

ey -penpanhansnteogiios 1-227 1-213 1-203 1-196 

EOD? crgeeseleqswons 302-2 303°1 303-2 303-8 Mean 303-1 


Dimethyl ether boron trifluoride, C,H,O,BF;, M = 114; b. p. 
128°. Densities determined: D? 1-241, D?* 1-233, D 1-222, 
De® 1-218, D® 1-207, whence D; = 1-264 — 0-00116¢. Gasselin 
(Ann. Chim. Phys., 1894, 3, 30) gives Df: = 1-141. 


Rindddss cape kip padesdao 20-5° 27-5° 34-5° 41° 59° 

ee  M. 33-03 32-10 31-38 30-91 28-84 

MP cites cbidceswetaks 1-240 1-232 1-224 1-216 1-195 

GPE Dish i dk cidnedabe 220-3 220-2 220-4 221-0 221-0 
Mean 220-6 


Diethyl ether boron trifluoride, C,H,,0,BF;, M = 142, was 
prepared as described by Gasselin (loc. cit.), and purified by fractional 
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distillation; b. p. 126—127°/777 mm. Densities determined 
(specimen 1): Di? 1-135, D?* 1-122, D¥ 1-117, Dz* 1-109, Dz* 1-098, 
whence D;. = 1-150 — 0-00108¢. Gasselin gives D%? = 1-154. 





Specimen I. 
25-5° 37-5° 54-5° 
29-31 27-89 26-79 
1-122 1-109 1-091 
294-5 294-4 296-2 
Specimen 2. 
OD BCR b id 19-5° 30° 37° 45-5° 57-5° 
fo sercnthanneeney® 30-05 29-05 28-30 27-62 26-50 
BD \ sendddttttvavestes 1-133 1-121 1-113 1-102 1-089 
BOD jdt dmimadiiakined 293-3 294-1 294-3 295-4 295-8 


Mean of all results = 294-6. 


Methylacetanilide boron trifluoride, C,H,,ON,BF,, M = 217. 
This substance was prepared in 75% yield by pouring a solution of 
10 g. of methylacetanilide in dry ether into an ethereal solution of 
boron trifluoride prepared from a mixture of 14 g. of boric anhydride, 
28 g. of calcium fluoride and 90 c.c. of concentrated sulphuric acid. 
It is essential to add the anilide solution to the trifluoride, other- 
wise the product is impure and cannot be purified. The substance 
is insoluble in benzene, toluene, ether, and isopropyl! ether, and very 
soluble in acetone and alcohol; the solutions in the last two solvents 
turn yellow and finally pink on standing or, more rapidly, on heating. 
The compound was purified by dissolving it in the minimum amount 
of dry acetone and precipitating it by addition of two volumes of 
dry isopropyl ether {[Found: N (Dumas), 6-40. C,H,,ON,BF, 
requires N, 645%]; m. p. 114°. Densities determined: D}* 
1-193, Di>* 1-189, Di® 1-182, Di®* 1-176, Di°* 1-164, whence 
Di; = 1-205 — 0-00083(¢ — 100). 


U Seeapesaasropeseccany 118-5° 128-5° 139° 150° 

| iad <p Re 38-06 37-10 36-03 34-90 

MP shsbousdivvcssdoct 1-190 1-181 1-173 1-164 

by, fee 452-9 453-6 453-2 453-1 Mean 453-2 


Acetanilide boron trifluoride, C,H,ON,BF;, M = 203, was pre- 
pared and purified in a similar manner to the methyl derivative. 
It is insoluble in benzene, ligroin, ether, and isopropyl ether, and 
is very soluble in acetone and alcohol. Unlike the methyl deriv- 
ative, it is not hygroscopic. It was analysed by hydrolysing it 
with caustic alkali, distilling over the aniline, and estimating it 
by titration with standard nitrite [Found: C,H,;-NH,, 45-5. 
CsH,ON,BF, requires C,H,-NH,, 45°8%]; m. p. 133°. It decom- 
posed just above the m. p. and was therefore unsuitable for parachor 
determinations. 


Birgseck CoLLtece (University or Lonpon), 
Ferrer Lane, E.C. 4. [Received, March 15th, 1932.] 
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Co-ordination Compounds of Boron Trifluoride and 
Organic Esters. 


By Gipert T. Morgan and Raymonp Tay Lor, 


We had found that the action of boron trifluoride on methyl and 
ethyl esters of formic and acetic acids resulted in the formation of 
crystalline products R*CO,X,BF,; (where R=H or CH, and 
X = CH, or C,H;) and had supplied Dr. Sugden with this series of 
compounds for researches on the parachor of boron (Sugden and 
Waloff, v. supra) when the appearance of a paper by Bowlus and 
Nieuwland (J. Amer. Chem. Soc., 1931, 53, 3835) rendered super- 
fluous any detailed account of our experiments. To the note-which 
has already appeared (Chem. and Ind., 1931, 50, 869) we now wish 
to make the following additions. 

Methyl benzoate boron trifluoride, C,H ,"CO,Me,BF,, separated from 
a mixture of its generators, on cooling, in colourless tabular crystals, 
m. p. 40—55° (decomp.) (Found: C, 462; H, 41; B, 5-3. 
C,H,0,,BF, requires C, 47-1; H, 3-95; B, 53%). 

Boron trifluoride and methyl salicylate interacted with evolution 
of hydrogen fluoride. The pale yellow, crystalline product, after 
being washed successively with methyl salicylate and petroleum 
(b. p. 40—60°), sublimed under 20 mm. pressure to yield colourless 
feathery crystals, m. p. 128°. The analytical numbers approxim- 
ated to C,H,O,,BF,, which suggested partial replacement of 
fluorine by hydroxylic oxygen and co-ordination of the residual BF, 
with the ester group, so that the compound had a composition 
analogous to that of the condensation products of boron trifluoride 
and the @-diketones (Morgan and Tunstall, J., 1924, 125, 1963). 

Boron trifluoride and methyl glycollate interacted with but slight 
evolution of hydrogen fluoride, and the product when distilled at 
62—66° /4 mm. gave a colourless liquid, b. p. 60°/3 mm., approxim- 
ating in composition to a simple additive compound C,H,0,,BFs. 

CHEMICAL RESEARCH LABORATORY, 

TEDDINGTON, MIDDLESEX. [Received, April 5th, 1932.] 





201. Pyridine Arsenicals. 
By Niau Patrick McCLELaNnD and Rosert HuecH WILson. 


THE preparation of several compounds in which arsenic is attached 
to a carbon atom of a pyridine nucleus has been recorded by 
Tschitschibabin and Kirsanow (Ber., 1927, 60, 766) and Binz and 
Rath and their collaborators (Aymalen, 1927, 455, 127; .1930, 484, 
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52). As yet, however, no secondary or tertiary pyridine arsenicals 
have been reported. 

Binz, Rath, and Gante (Annalen, 1928, 467, 11) have reported the 
preparation of pyridyl-3-arsonic acid by eliminating the chlorine from 
2-chloropyridyl-5-arsonic acid, but do not seem to have obtained it 
pure. (They say that it is “‘ Eine farblose, undeutlich krystalline 
Masse,” m. p. 112—113°, hygroscopic, and not soluble in alcohol, 
and make no mention of recrystallisation.) 

As this method did not provide a ready means of preparing the 
simpler pyridine arsenicals, we investigated the action of arsenious 
chloride on 3-chloromercuripyridine (McCleland and Wilson, this 
vol., p. 1263), and thus obtained the hydrochloride of 3-pyridyldi- 
chloroarsine, and from this pyridyl-3-arsonic acid, the properties 
of which differed considerably from those reported by Binz, Rath, 
and Gante, as it was isolated as white prisms, m. p. 158—159°, not 
deliquescent, and soluble in alcohol (18 g. in 100 c.c.). We failed 
to obtain the 3-pyridyldichloroarsine which these authors claim to 
have obtained by reducing their acid with sulphur dioxide in 
hydrochloric acid solution, and came to the conclusion that it could 
not exist in the presence of moisture, as it would hydrolyse to a 
mixture of the hydrochloride and pyridyl-3-arsenoxide. 

Di-3-pyridylchloroarsine was made by heating together 3-pyridyl- 
dichloroarsine hydrochloride and pyridyl-3-arsenoxide, and isolated 
as the dihydrochloride. Tri-3-pyridylarsine oxide was prepared by 
distilling pyridyl-3-arsenoxide under reduced pressure, and oxidising 
the product with hydrogen peroxide. These reactions are precisely 
analogous to those of the corresponding phenyl compounds. 

Rath (Annalen, 1931, 486, 95) has shown that 3-aminopyridine 
gives most of the reactions of aniline, but mentions the Bart reaction, 
the Schmidt reaction for antimony compounds, and the Leuckhardt 
thiophenol synthesis as important exceptions. Binz, Rath, and 
Gante (loc. cit.) have suggested that its failure to show these 
reactions is due to the basicity of the pyridine nucleus, since sub- 
stituted 3-aminopyridines in which the basicity is weakened by 
negative substituents in the 2- or 6-position react readily. Having 
established the properties of pyridine arsenicals, and especially that 
3 : 3’-arsenopyridine is readily soluble in hydrochloric acid, but not 
in ammonium hydroxide, we attempted the Bart reaction under 
standard conditions, and obtained a yield of 6% of pyridyl-3- 
arsonic acid, identical with that obtained from 3-chloromercuri- 
pyridine. 


EXPERIMENTAL. 


3-Pyridylchloroarsine Hydrochloride.—Crude 3-chloromercuri- 
pyridine (35 g.) was boiled for 5 hours with arsenious chloride 
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(50 c.c.). The excess of arsenious chloride was distilled off under 
reduced pressure, and the residue extracted with alcohol. The 
extract was treated with animal charcoal in the cold, and evaporated 
to small bulk. The hydrochloride crystallised on addition of concen- 
trated hydrochloric acid. When hydrogen chloride was passed into an 
aqueous solution of the crude product, it separated in white prisms, 
with one molecule of water of crystallisation, which was lost on heating 
at 100° for 2 hours; m. p., with loss of hydrogen chloride, 216— 
233°; yield, 8-5 g. (Found: Cl, 38-3; loss, 2 hrs./100°, 6-5. 
C;H,NCI,As,H,O requires Cl, 38-2; H,O, 65%. Found, after 
2 hours’ heating at 100°: C, 23-3; H, 2-2; Cl, 40-9. C;H;NCI,As 
requires C, 23-1; H, 2-2; Cl, 40-8%). 

In an attempt to make the 3-pyridyldichloroarsine described 
by Binz, Rath, and Gante, 4-2 g. of the hydrochloride were treated 
with 16-1 ¢.c. (1 mol.) of N-sodium hydroxide solution, and the pro- 
duct was evaporated to dryness. The solid residue was extracted 
with alcohol. Crystals of the original compound separated from 
the extract, together with a gum. The whole was distilled (210— 
250°/10 mm.). The gummy distillate set to a hard glass on cooling, 
which gave with water chiefly 3 : 3’-dipyridylchloroarsine dihydro- 
chloride (1-7 g.), m. p. and mixed m. p. 283—285°. 

Pyridyl-3-arsonic Acid.—(1) 3-Pyridyldichloroarsine hydro- 
chloride (10 g.) was dissolved in water (100 c.c.), and sodium hypo- 
phosphite (20 g.) and concentrated hydrochloric acid (20 c.c.) 
added. The solution when warmed on a water-bath became yellow, 
but no precipitate separated until it was made alkaline with ammonia. 
The flocculent yellow-green precipitate then formed (4-5 g., presumed 
to be 3:3’-arsenopyridine) was oxidised with ‘ 20-volume ” 
hydrogen peroxide in the presence of ice, the solution obtained 
evaporated to dryness in a vacuum desiccator, the product ex- 
tracted with alcohol, and the extract evaporated to dryness. The 
residue slowly crystallised, and on recrystallisation from alcohol 
2-7 g. of white prisms, m. p. 158—159°, were obtained (Found : 
C, 29-7; H, 3-1. C;H,O,NAs requires C, 29-6; H, 3-0%). 

The hydrochloride of this acid was prepared by dissolving 0-5 g. 
in hydrochloric acid, evaporating the solution to dryness, and 
crystallising the solid residue from alcohol ; m. p. 196—198° (Found : 
Cl, 14-8. C;H,O,NAs,HCl requires Cl, 14-8%). 

(2) 3-Aminopyridine (5 g.) was diazotised, and the solution added 
to a solution of arsenious oxide (11-5 g.) and sodium carbonate 
(16-5 g.) in water (200 c.c.) at 40°, 2 c.c. of saturated copper sulphate 
solution being added as a catalyst. The solution was treated with 
animal charcoal, acidified with hydrochloric acid, and warmed on a 
water-bath with sodium hypophosphite (20 g.) for 3 hours. The 
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dark brown precipitate was filtered off, and the filtrate made alkaline 
with ammonia. The flocculent precipitate was oxidised as above, 
and the acid isolated by crystallising its hydrochloride from aleohol. 
Yield, 0-7 g. ; m. p: and mixed m. p. of the hydrochloride, 195—197° ; 
m. p. and mixed m. p. of the acid, 158—159° (Found: N, 6-9. 
C;H,O,NAs requires N, 6-9%). 

Di-3-pyridylchloroarsine Dihydrochloride.—3-Pyridyldichloroarsine 
hydrochloride (10 g.) was titrated with sodium hydroxide until 
neutral to litmus. The solution was evaporated to dryness, the 
residue extracted with alcohol, the extract evaporated, and the 
product heated with 2 g. of the hydrochloride for 2 hours at 200°. 
The melt was extracted with alcohol, and the extract evaporated 
with hydrochloric acid ; the residue crystallised from water in white 
prisms (6-8 g.), m. p. 283—285° (Found : C, 35-5; H, 3-0; Cl, 31:3, 
31-2. CygH,N,ClAs,2HCl requires C, 35-3; H, 2-9; Cl, 31:4%). 

In an attempt to prepare di-3-pyridylchloroarsine, 3 g. of the di- 
hydrochloride were treated with 17-7 c.c. (2 mols.) of N-sodium 
hydroxide. The product was evaporated to dryness, extracted 
with alcohol, and distilled at 207—210°/10 mm. The distillate 
crystallised on cooling, but no definite m. p. could be obtained 
(Found: Cl, 13-0. C,gH,N,ClAs requires Cl, 13-3%). 

Di-3-pyridylarsonic Acid.—Di-3-pyridylchloroarsine dihydrochlor- 
ide (1-5 g.) was titrated with sodium hydroxide solution (litmus) and 
treated as described above. The gum remaining after evaporation 
of the. alcohol was titrated with hydrogen peroxide until the solution 
turned starch-iodide paper blue, and evaporated on a water-bath. 
The acid crystallised from water in white prisms, m. p. 203—204° 
(Found: C, 45-4; H,3-4. C,)H,O,N,As requires C, 45-4; H, 3-4%). 

Tri-3-pyridylarsine Oxide.—3-Pyridylchloroarsine hydrochloride 
(9-5 g.) was titrated with sodium hydroxide and treated as described 
above. The residue from the alcoholic extract was. distilled 
(metal bath at 320-—-360°/10 mm.). The gum extracted from the 
distillate with alcohol was oxidised by titration with hydrogen per- 
oxide until the solution turned starch-iodide paper blue. The 
residue after evaporation of the solution to dryness crystallised 
from alcohol, but could not thus be purified. It was converted into 
the trihydrochloride, which crystallised from alcohol in white needles 
(2-4 g.), m. p., with loss of hydrogen chloride, 221° (Found: Cl, 
24-2, 24-4. C,,;H,,ON,As,3HCl requires Cl, 245%). The. oxide 
recovered from the hydrochloride crystallised from absolute alcohol 
in white needles, m. p. 226° (Found: C, 55-6; H, 4:0; N, 12-9. 
C,;H,,ON,As requires C, 55-4; H, 3-7; N, 12-9%). 

THe University CHemMicaL LABORATORY, 

CAMBRIDGE. [Received, March 18th, 1932.] 
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202. Molecular Association of Aromatic Hydrocarbons 
with Thionyl Chloride, Sulphuryl Chloride, and 
Sulphur Dioxide. 


By GrorGE HazLEwoop LOocKET. 


ATTENTION has frequently been drawn to the exceptionally high 
solubility of sulphur dioxide in aromatic hydrocarbons, and to the 
interaction of these components to give solid products (see, ¢.g., 
Seyer and others, Trans. Roy. Soc. Canada, 1922, 16, [iii], 307; 
1924, 18, [iii], 209; 1926, 20, [iii], 343; J. Amer. Chem. Soc., 1930, 
52, 14; de Carli, Gazzetta, 1926, 56, 34; 1927, 57, 347; Aiti R. 
Accad. Lincei, 1926, [vi], 4, 460, 523). Further, the viscosity— 
composition curves for mixtures of various organic liquids, as shown 
by Lewis (J. Amer. Chem. Soc., 1925, 47, 626), indicate that the 
tendency to such combination increases with progressive methyl- 
ation of the benzene nucleus. The occurrence of similar association 
between sulphuryl chloride and aromatic hydrocarbons is suggested 
by the fact that addition of the chloride to xylene and mesitylene 
causes a yellow colour to develop, which, however, disappears when 
the sulphuryl chloride is distilled off. 

The viscosities of a number of mixtures of one of the foregoing 
sulphur compounds with an aromatic hydrocarbon have now been 
determined, as well as the heats of mixing, with the object of throw- 
ing further light on the associations. Comparative determinations 
have also been made with a few liquids other ‘than hydrocarbons. 
All measurements were carried out at 25°. 


EXPERIMENTAL 


Materials.—Thionyl chloride. The commercial product was 
purified according to the directions of Meyer and Schlegel (Monatsh., 
1913, 34, 569). The colourless liquid obtained was fractionated 
with an 18” column, and the fraction used (about two-thirds) had 
b. p. 76-05°/760 mm., d®” 1-6284, 7” 0-006194. 

Sulphuryl chloride. This was purified by fractionation, the early 
yellow fractions being rejected; b. p. 69-60—69-69°/774 mm., 
d? 1:6573, 7 0-006850. 

Benzene. Purified as usual, this had f. p. 5-46° (corr.). 

Xylene. The sulphur-free material was fractionated, and the 
portion of b. p. 140°/759 mm. was used; d? 0-8521, 7” 0-006067. 

Toluene. The sulphur-free liquid was fractionated ; b. p. 110-35— 
110-55° /762 mm. 

Mesitylene. The sulphonate, prepared from a specimen of b. p. 
168—167°, was dissolved in a little water, salted out with con- 
302 
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centrated hydrochloric acid, filtered off, decomposed again by 
refluxing with dilute hydrochloric acid, and the mesitylene dried 
over phosphoric oxide; b. p. 164-5—165-0°/761 mm., d? 0-8611, 
7” 0-006518. 

cycloHexane. This was refluxed with potassium permanganate 
for 24 hours, shaken with concentrated sulphuric acid until it 
gave only a light yellow coloration, washed with alkali, and then 
many times with water. After drying over phosphoric oxide, a 
fraction of b. p. 80-05—80-25°/773 mm. was frozen four times and 
then melted at 4-8°. Pure cyclohexane melts at 6-48° (Jones and 
Amstell, J., 1930, 1318), but as the impurity is probably a paraffin 
(compare Young, Proc. Roy. Soc. Dublin, 1910, 12, 384) and is not 
removed by repetition of the purification, this liquid was used in 
the experiments; d?° 0-7759, »* 0-008824. 

Ethyl acetate. The ester was purified by the method of Wade 
(J., 1905, 87, 1668); b. p. 76-9—77-1°/755 mm. (after drying over 
phosphoric oxide), 4” 0-004269. 

Ether. Purified as usual and kept over sodium. 

Stannic chloride. Chlorine was passed over A.R. tin, and the 
liquid was kept over tin until required. It was colourless and 
boiled at 114-07°/762 mm.; d? 2-2164, 1” 0-008145. 

All liquids were distilled immediately before use from an all- 
glass still having a 12” column; the hydrocarbons, ether, and ethyl 
acetate were distilled from phosphoric oxide. 

Measurement of Viscosities.—The Scarpa method (Gazzetta, 1910, 
40, 271) was used, since its independence of the volume of liquid 
(within reasonable limits) made it convenient where liquids had 
to be weighed free from moisture. Two viscometers of the ordinary 
form having a capillary about 10” long were used. The larger had 
a bulb of about 5-5 c.c. capacity, which emptied of benzene in 117 
secs.; the second was about 4} times as slow and was only used 
occasionally, since both instruments gave results agreeing to within 
+ 0-1%. The liquids were distilled into a small bottle, having a 
ground-in stopper for weighing, which was then fixed by a ground-in 
joint to the limb of the viscometer. An aspirator, in which the 
water level could be regulated continuously, sucked up the liquid 
under a constant pressure recorded on a gauge containing carbon 
tetrachloride placed in the thermostat. Turning a three-way tap 
disconnected the aspirator and allowed the liquid to fall back as 
usual, The error in the viscosity measurements was about + 0-1%. 

For the sulphur dioxide mixtures, air was first removed by 
bubbling nitrogen through the liquid in the viscometer, and a 
stream of sulphur dioxide was then passed through until sufficient 
had been absorbed (mesitylene and ethyl acetate absorb it very 
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rapidly); finally, nitrogen was bubbled threygh for a little while 
and the viscosity of the mixture measured. The reduced pressure 
during the upward flow did not make a detectable difference to the 
dioxide concentration, concordant results being obtained after long 
standing. Some of the mixture was now tipped back into the 
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SOCI,, mols.%. 
1. Mesitylene. 2. Xylene. 3. Benzene. 
4. Toluene. 5. Stannic chloride. 6. cycloHexane. 


7. Ethyl acetate. 


bottle and weighed, the dioxide being determined gravimetrically 
as barium sulphate after absorption in alkali and oxidation with 
hydrogen peroxide. 

Densities were measured with a 7-c.c. pyknometer having ground- 
on caps. The thermostat was kept at 25° (+ 0-015°). 

Heats of Mixing.—These were measured by means of an apparatus 
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similar to that of Drucker and Weissbach (Z. physikal. Chem., 
1925, 117, 220). A weighed quantity of the first liquid was placed 
in an unsilvered Dewar vessel fitted with a Beckmann thermometer, 
a heating coil of platinum wire, and a stirrer of an up-and-down 
type shaped like a Witt stirrer (preliminary experiments having 


x 











0-007 


RN 
‘RY 
” ot SE 
“healt a 
re 
a 
Al 








NW 





























0 20 40 60 80 100 
SO,Cl,, mols.%. 
1. Mesitylene. 2. Xylene. 3. Benzene. 
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shown that this was a great improvement on a rotary stirrer for 
this purpose). The second liquid was blown in from a pipette 
(graduated by weight) immersed in the first liquid. The pipette 
could be refilled out of contact with moist air, and so the heat of 
mixing of a fresh quantity of liquid with the mixture already 
formed could be measured, and from the sum of the effects the 
heat evolved or absorbed per 100 g. or per g.-mol. of mixture was 











i pe) de | ee 





AROMATIO HYDROCARBONS WITH THIONYL ‘CHLORIDE, ETC. 1505 


calculated. The heat capacity of the system after each mixing 
was found by running a known current (about 0-4 amp.) under a 
known E£.M.F. (2—2-5 volts) through the platinum coil for exactly 
5 minutes. The temperature rises were obtained from curves made 
from readings taken every half minute. The errors were approxim- 
ately as found by Drucker and Weissbach, viz., + 3% (those for 
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0 20 40 60 80 100 
SO,, mols,%. 
1. Mesitylene. 2. Xylene.* 3. Benzene.* 
4. Toluene.* 5. Ethyl acetate. 6. Acetone.* 
7. Ether.* * From Lewis’s results. 


sulphuryl chloride with benzene and toluene are probably rather 
larger). 

Results.—The viscosities of the mixtures are given in Table I. 
Figs. 1 and 2 show the viscosity isotherms for thionyl and sulphuryl 
chloride respectively ; Fig. 3 shows those for mesitylene and ethyl 
acetate with sulphur dioxide, together with some of Lewis’s results 
(recalculated to give molecular percentages) for comparison, The 
heats of mixing are given in Table II in cals. per mol. (i) and per 
100 g. of mixture (ii). 
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TaBLeE I. 
(a) Mixtures with thionyl chloride. 
socl,, 7 7 socl,, 7 ~ socl,, 7 es 
mols.%. 10% dy. mols.%. x10% df. mols.%. x10% dy. 
Benzene. Toluene. Mesitylene. 

0-0 5961 —_ 0-0 5460 = 0-0 6518 0-8611 
18-1 5962 00-9895 26-1 5832 =1-0116 23-4 6850 0-9674 
36-6 5999 =1-1161 42-6 6019 1-1214 31-4 6908 1-0699 
48-1 6020 1-2011 55-9 6139 1-2206 43-2 6952 —=—-1-0811 
68-6 6068 1-3585 72-0 6223 11-3544 57-1 6939 1-1751 
87-7 6165 1-5172 80-2 6250 = 1-4278 74-3 6770 1-3236 

100-0 6194 1-6284 92-3 6236 1-5460 90-0 6495 1-4925 
Xylene. Ether. Stannic chloride. 

0-0 6067 aad 33-4 3365 0-9148 0-0 8145 2-2164 
25°8 6419  0-9859 84°5 5480 1-4430 40-2 7259 2-0451 
51-1 6572 1-1500 51-7 7057 —_— 
78-9 6515 1-3891 80-3 6524 1-7942 

Ssocl,, n®* ‘ SOcl,, Daal ‘ 
mols.%. x 108, dP. mols. %- x 10°. de. 
Ethyl acetate. cycloHexane. 
0-0 4268 — 0-0 8824 0-7739 
22-5 4911 1-0283 27-2 7201 0-9410 
31-6 5174 1-0854 46-6 6634 1-0832 
53°4 5759 1-2346 80-6 6183 1-4018 
70-0 6117 1-3615 93-7 6156 1-5452 
83-0 6177 1-4719 
(b) Mixtures with sulphuryl chloride. 
80,Cl,, 7" . 80,Cl,, 9" ,-_ 8p 
mols.%. x10%, dd. mols.%. x10% dz. mols.%. x10% di. 
Benzene. Toluene. Mesitylene. 


17-6 6172 1-0002 20:7 5841 90-9910 17-2* 6735* —_ 
43-0 6463 1-1917 37:3. 6144 ~=—-:1-1073 32-3. 6885* — 
69-9 6673 1-4042 57-2 6457 1-2615 51-5 6997* — 
73-4 6691* 1-4326 71-3. 6642 1-3805 64-5 7028 1-3388 
84:5 6757 1:5247 82-6 6759 1-4844 66-9 7025 — 


100-0 6850 1-6573 80-4 6976* — 
34:1 os 1-0758 
Xylene. cycloHezane. Stannic chloride. 
20-9 6413 0-9727 0-0 8824 0-7739 26-8 7739 2-1054 
52-5 6805 1-1891 32-1 7303 0-9956 56-3 7396 1-9580 
77-9 6963 1-4153 64-7 6770 = 1-2717 79-5 7144 1-8170 
90-7 6937 1-5477 79-7 6695 1-4113 
(c) Mixtures with sulphur dioxide. 
sO,, 7" ; SO,, a 
mols. %. x 108, a. mols.%. x 108, d?. 
Mesitylene. Ethyl acetate. 
13-7 6381* 0-8841 11-5 4299 —- 
22°3 6062 0-9026 23-6 4289 0-9814 
25-5 5926 0-9122 35-0 4239 — 
(100-0T 2559 1-3667) 


* Results obtained with the slower viscometer. 
Tt Lewis, loc. cit. 
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TaBLeE II. 
Heats of Mixing: (i) cals. per mol.; (ii) cals. per 100 g. 
(a) Mixtures with thionyl chloride. 


SOCI,, SOCIl,, SOCI,, 
mols.%. (i). (ii). mols.%. (i). (ii). mols.%. (i). (ii). 
Benzene. Toluene. Mesitylene. 
10-4 34-0 41-3 12-6 65-7 68-8 16°5 121-6 98-7 
19-0 55-5 64°8 22-4 110-4 112-5 28-2 180-0 146-9 
26-0 70-6 79-7 30-2 135-2 134-9 37:4 208-0 170-2 
32-0 81-2 89-1 36-6 151-3 148-4 44-4 220:°0 += 180-6 
37°3 87-7 94-3 41-9 159-0 154-0 49-8 222-5 182-9 
71-9 78-2 72-9 756 118-6 105-6 79-7 159-0 133-4 
76:3 70-7 64-6 79-4 104-9 92°5 83-1 136-9 115-1 
81-0 60°5 54-3 83-7 87-1 76-0 86-7 111°3 93-6 
86-7 45°5 40°4 88-5 65-2 56-3 90-8 79-9 67-0 
92-9 26-2 22-6 94-0 37-2 31-7 95-3 43°3 36-4 
Xylene. cycloHexane. Ethyl acetate. 
14-2 94:8 87-9 12-1 —117-°0 —132-6 11:3 132-1 144°3 
24-8 142-3 130-4 216 —182-6 —199°7 20°3 207-0 219-6 
33-1 175:7 159-4 29-3 —214:1 —228-3 27-5 255-6 259-2 
39-7 192-0 172-9 35-5 —235-4 —244:2 33-6 288-0 292-6 
45-2 201-5 180-0 40°8 —244-6 —249-3 38-7 308-1 308-0 
77-7 1408 121-2 75-6 —178-1 —161-4 74:1 249-0 224-0 
$1-3 123-6 105-9 79-3 —157-2 —146-1 78-1 220-9 196-8 
85-3 101-1 86-4 83-7 —I131-1 —115-8 82-7 184-7 162-6 


89-7 73-8 62-7 88-7 — 96-2 — 83:5 87:8 139°6 121-2 
94-6 40°5 34:3 94-1 — 53-7 — 459 93-6 78°5 67-1 
Ether. 


12-0 104-0 131-0 35-3 230-5 256-9 83-9 132-9 120-3 
21-2 165-6 198-2 40-5 239:6 260-2 88-7 100-8 89-6 
28:9 2045 234-9 79-6 158-2 145-6 94-1 59-0 51-0 


(b) Mixtures with sulphuryl chloride. 


8O.Cl,, SO.Cl,, 80,Cl,, 5 
mols.%. (i). (ii), mols.%. (i). (ii).  mols.%. (i). (ii). 
Benzene. Toluene. cycloHexane. 
9-8 9-9 11-8 12-2 22-0 22-6 116 —106-7 —118-7 
18-2 16-6 18-7 21-8 35-2 34°7 20-8 —171-0 —180-9 
24-8 21-1 22-9 29-6 42-0 40-2 28-5 —209-5 —214-0 
30-4 22-7 23-9 36-1 46-0 42-8 34:8 —230-2 —226-3 
781 140 114 763 36:3 283 400 —242:5 —232-3 
84-6 10-7 8-5 81-0 30-4 24-0 72-8 —188-7 —155-8 
91-8 5-7 4-4 86-5 23-5 18-2 77-1 —166-6 —135-2 
92-7 13-6 10-3 82:0 —139-2 —110°8 
87-3. —104:0 — 80-9 
93-3 — 59:3 — 45-0 
SO,Cl,, SO,Cl,, : 
mols.%, (i). (ii). mols.%. (i). (ii). 
Xylene. Mesitylene. 
12-5 23-5 21-3 14-0 47-4 38:8 
22-3 36-9 32-8 24-5 60-8 49-2 
30-1 45-7 39-8 32-9 64-6 51-9 
83-6 30-0 23-1 39-6 65-9 52-4 
88-3 25-9 19-7 94-8 25°5 18-9 
93-9 18-6 14-0 
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Sulphury] chloride has been shown to react with aromatic hydro- 
carbons usually in the presence of aluminium chloride (Tohl and 
Eberhard, Ber., 1893, 26, 2940; Silberrad, J., 1921, 119, 2029; 
1925, 127, 1727), but at the temperature at which the above measure- 
ments were made it was found to react only with mesitylene and 
then very slowly (the viscosity curve where this was noticeable is 
broken). No effect on the cooling curve was noticed when measur- 
ing heats of mixing. Ether and ethyl acetate reacted more rapidly 
with sulphuryl chloride, and reproducible results could not be 
obtained with them. None of the other liquids interacted chemically 
provided they were pure and dry. Any oxidation of sulphur dioxide 
in mesitylene mixtures (compare de Carli, loc. cit.) was avoided. by 
removing the air with nitrogen. 

Tin or carbon tetrachloride when mixed with thionyl or sulphuryl 
chloride both gave negative heats of mixing, which were too small 
to be measured accurately. Ether and sulphury] chloride evolve a 
considerable amount of heat on mixing, but results are complicated 
by a reaction which soon sets in. When sulphuryl chloride is first 
added to ethyl acetate there is a temperature rise, but after about 
} minute the effect is reversed and the temperature falls, rapidly 
giving finally a negative heat of mixing. As further quantities of 
the chloride are added, the cooling effect lessens and the net heat 
of mixing is positive. The same thing happens if one starts with 
sulphury! chloride, and as it is not to be ascribed to insufficient 
mixing, there is no obvious explanation of it. 

Mesitylene gave yellow solutions with thionyl and sulphuryl 
chlorides and with sulphur dioxide, and xylene gave yellow solutions 
with sulphuryl chloride, otherwise the mixtures were colourless. 


Discussion of Results. 


The viscosity isotherms of binary mixtures may be used to detect 
association in the same manner as vapour-pressure curves (Faust, 
Z. physikal. Chem., 1912, 79, 97; Yajnik and others, ibid., 1925, 
118, 305; Tammann and Pilsbury, Z. anorg. Chem., 1928, 172, 
243; Lorentz, Z. Elektrochem., 1930, 36, 336), for a positive curve 
(concave to the composition axis) indicates that association must 
be sufficient to overcome the normal effect which causes the “ ideal ”’ 
curve to be sagged (an effect which is increased as the components 
differ more widely in density and viscosity; Kendall and Monroe, 
J. Amer. Chem. Soc., 1917, 39, 1789). 

The liquids used in this work are all normal and not appreciably 
associated. The following data are taken from Abegg’s ‘‘ Handbuch 
der Anorganischen Chemie” and from Arii (Bull. Soc. Inst. Phys. 
Chem. Res. Japan, 1929, 8, 719, marked *). 
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SOcl,. . SO,Cl,. 
Association factor (Ramsay and Shields) ,........ 1-08 0:97 
» cet -ck ED) cotene en eimnesqococpeers 1-10 1-02 
POUNCE COMIBORIIU ccccccetestcSivocecedecsscsebessebsente onl-2)a8 p- 20-7 
*21-7f 25° 
Nernst—Trouton constant  .si....cescescsnccesesscces *21-7 21-7 


Sulphur dioxide also appears to be normal (Stowe, J. Amer. Chem. 
Soc., 1929, 51, 410). The viscosities of the aromatic hydrocarbons 
range only from 0-00583 (toluene) to 0-00652 (mesitylene), hence 
their viscosity curves with another component will be comparable 
and will indicate relative association. The viscosity curves, the 
heats of mixing, and the colour effects as far as they go show that 
association with the sulphur compounds increases in the order, 
benzene < toluene<xylene<mesitylene, the difference between the 
behaviour of these aromtic hydrocarbons and that of cyclohexane 
being very striking. 

It is noteworthy that with mixtures containing thionyl and 
sulphuryl chlorides and sulphur dioxide, an increase of viscosity, 
sometimes giving a maximum on the curve, is accompanied by an 
expansion, especially as viscosity increases are sometimes ascribed 
to increases in density (compare McLeod, Trans. Faraday Soc., 1923, 
19, 17). Dilution of, say, thionyl chloride, with a less dense liquid 
like cyclohexane causes a large expansion (there is a contraction 
with the denser stannic chloride), and with the aromatic hydro- 
carbons this effect is apparently not completely overcome by 
association. It is doubtful whether much importance should be 
attached to volume changes on mixing unless: they are very large 
(compare Skraup and Eisemann, Annalen, 1926, 449, 1); Schmidt 
(Z. physikal. Chem., 1926, 121, 228) shows that for a number of 
liquid mixtures these changes have no apparent connexion 
with the total vapour pressure or heats of mixing, but that the 
last two quantities run parallel, a positive heat of mixing being 
accompanied by a sagged vapour pressure curve. 

Since the aromatic hydrocarbons behave like donor liquids, it 
is possible that they can form co-ordinate linkages with the sulphur 
compounds, increasing the covalency of the sulphur atom thus : 

CoH, 
Pak ge 
cr’ A*0 

CH, 

The precise mechanism by which the nucleus contributes two 
electrons to the sulphur atom is not clear, though a definite scheme 
was put forward to explain similar compound formation between 
aromatic hydrocarbons and nitro-compounds by Bennett and Willis 
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(J., 1929, 256). Replacement of the hydrogen atoms of benzene 
by methyl groups will cause a drift of electrons to the nucleus 
(Sutton, Proc. Roy. Soc., 1931, A, 133, 668), which will now be more 
ready to part with electrons and so will have enhanced donor 
properties and increase the association. This explanation depends 
on the sulphur compounds being acceptors; if they have any donor 
properties, these are very weak, for the results obtained with 
mixtures of thionyl and sulphuryl chlorides with stannic chloride 
(a “ pure acceptor’) show no evidence of association, and Bond 
and Beach (J. Amer. Chem. Soc., 1926, 48, 348) conclude that there 
is no association between sulphur dioxide and stannic chloride or 
bromide. Moreover, although ether and ethyl acetate associate 
with the sulphur compounds, they show no sign of doing so with 
the hydrocarbons. 

Alternatively, the effects may be due to associations of dipole 
molecules (compare Errera, Z. physikal. Chem., 1928, 138, 332; 1929, 
140, 273; Compt. rend., 1928, 187, 727, 1278), but in that case the 
hydrocarbons used, which are normal liquids having dipole moments 
of not more than 0-6 x 10-18 e.s.u., would give negative results with 
other polar liquids. The author considers that this difficulty can 
be overcome, and other associations with aromatic hydrocarbons 
explained, by supposing that their nuclei can receive an induced 
moment on approaching a permanent dipole, thus extending the in- 
fluence of the latter and causing association or increasing the rigidity 
of the solution. The effect will only be apparent with molecules 
which are highly unsymmetrical or in which a large electronic 


shift is localised, as in such structures as —NZ~ and —s7 “4 

No o 
Release of electrons to the nucleus of the hydrocarbon by methy]l- 
ation should increase the induction effect and hence also the 
association. 

This view explains complex formation with other un-ionised 
inorganic molecules besides those already described. The many 
cases of solid compounds are of less interest than associations in 
the liquid, e.g., those of benzene, naphthalene, and diphenyimethane 
with antimony trichloride and of triphenylmethane with antimony 
tribromide, as shown by colour effects and the viscosity measure- 
ments of Kurnakov (Z. anorg. Chem., 1924, 135, 81; see also 
Hilpert and Wolf, Ber., 1913, 46, 2215; Scholl, Seer, and Weitzen- 
bock, Ber., 1910, 43, 2205). Progressive methylation of benzene 
deepens the colour in mixtures with sulphuryl chloride, sulphur 
dioxide, and stannic bromide, and naphthalene and anthracene, 
which with fused nuclei will likewise have more electrons available 
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for polarisation, also give orange or red solutions with these sub- 
stances; thus colour may well be produced by polarisation from 
without. Moreover, polarisation of the hydrocarbons is a very 
probable explanation of their activity in the Friedel-Crafts reaction 
and affords exactly the mechanism demanded by Schaarschmidt’s 
explanation of it (2. angew. Chem., 1924, 37, 386), but whether the 
free halides or more complex molecules produce polarisation, it is 
impossible to say in view of the complexity of the reaction (compare 
Olivier, Rec. trav. chim., 1918, 37, 205). However, the simpler 
reaction using antimony trichloride as catalyst in the ketone syn- 
thesis (Menschutkin, J. Chim. physique, 1914, 12,-193) provides 
interesting confirmation of the present view. The values for the 
velocity constants with benzoyl chloride were as 1 : 12: 21:32: 80:478 
for benzene, toluene, p-, o-, m-xylene,’ and mesitylene respectively. 
Since two molecules of antimony trichloride form relatively stable 
complexes with one of hydrocarbon, and the velocity constants vary 
as the square of the catalyst concentrations, Menschutkin concluded 
that the reaction took place between one molecule of benzoyl chloride 
and one complex molecule 2SbCl,,ArH. Methylation increases the 
speed of reaction, presumably by increasing the polarisability of the 
nucleus, but methyl groups produce much bigger effects when 
oriented in the m-position with regard to each other, indicating that 
their effect is localised in the 0-,p-positions; hence the situation 
at the beginning of the reaction is probably 


SbCl, 
+ 
CH, CH, _ 


- a. 8 
R—Cl wee 
“Sa, 


(The + and — signs here indicate the drift of electrons that would 
give rise to the moment of the molecule caused by induction.) The 
first trichloride molecule causes nuclear electrons to concentrate in 
its neighbourhood, while the methy] groups release electrons o- and 
p- to themselves, thus reinforcing this effect. A second trichloride 
molecule can do likewise. The 5-position will become the positive 
end of the dipole (the relatively small methyl-group effect being 
swamped), and its incipiently ionised hydrogen atom will combine 
with the negative chlorine of the acid chloride, which will be 
attracted thither. According to Hiickel (Z. Physik, 1931, 72,310; 
see also Ann. Reports, 1931, 28, 18) substitution becomes easier 
where there is a defect of negative charge which can repel a 
hydrogen nucleus. Methyl groups in positions other than 2, 4, or 6, 
although increasing the polarisability, will (a) interfere by blocking 
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the approach of trichloride molecules, (6) block position 5 and so 
stop the reaction, and (c) fail to produce their full effects, which are 
in the o-,p-positions. 

Summary. 

(1) The viscosities and densities of mixtures of thionyl and 
sulphury] chlorides and sulphur dioxide with aromatic hydrocarbons 
were determined at 25°, as well as the heats of mixing. Comparative 
determinations were made with cyclohexane, stannic chloride, ether, 
and ethyl acetate. 

(2) The aromatic hydrocarbons associate with these three sulphur 
compounds, in sharp contrast to cyclohexane, and behave like 
polar (donor) liquids. Methylation of the nucleus increases the 
association. 

(3) The hydrocarbons may be electron donors, but it is thought 
probable that they can acquire an induced dipole moment from the 
inorganic molecule, thus giving rise to what amounts to a dipole 
association. The bearing of this view on the facts presented here 
and on other associations, and also on the mechanism of the Friedel-— 
Crafts reaction, is discussed. 


In conclusion, the author wishes to thank Dr. N. V. Sidgwick for 
advice and for criticism of this work in its early stages, and also 
Messrs. Brunner Mond and Co. for a grant which has covered part 
of its cost. 
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203. The Conductivity of Electrolytes in Ethyl 
Cyanoacetate and in o-Toluonitrile. 


By James CHARLES Paitie and PunpI RaNGARAMANUJAM. 


THE present investigation is a continuation of the work of Martin 
on benzonitrile as a solvent for electrolytes (J., 1928, 3270; 1930, 
530). The results recorded below, taken in conjunction with those 
for benzonitrile, and those of Walden and Birr for acetonitrile (Z. 
physikal. Chem., 1929, 144, 269), provide material for the compar- 
ative study of a series of solvents with a common characteristic 
group. The accurate conductivity data accumulated by various 
workers in recent years indicate that the behaviour of a liquid as a 
solvent for electrolytes—even at very low concentrations—is not 
determined solely by its dielectric constant and its viscosity. 
Specific chemical influences also are operative, and on this ground 
the investigation of a series of chemically related solvents is 
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important. With this consideration in view, the systematic study 
of various liquids containing the CN group has been: undertaken. 


EXPERIMENTAL. 


Conductivity Measurements.—The set-up of the bridge was similar 
to that used by Martin (loc. cit.), but the detector consisted of a 
two-valve amplifier and high-resistance telephones. The advantages 
of this modification, and the screening and earthing arrangements 
which it involves, have already been described in a communication 
from these laboratories (Ives and Riley, J., 1931, 1998). 

All the conductivity measurements were carried out at 25°-- 
0-01°, the cell being immersed in an electrically heated water-bath, 
controlled by a mercury-toluene regulator. The cell used through- 
out was the one referred to as PI by Martin, and its constant, re- 
determined on the lines suggested by Frazer and Hartley (Proc. 
Roy. Soc., A, 1925, 109, 351), was 0-03401. 

The solutions employed in the conductivity measurements were 
in all cases made up by weight, and the procedure and precautions 
adopted by Martin were followed. Volume concentrations were 
obtained from the weight of solvent present in a solution, and the 
density of the pure solvent. 

In one or two cases special care had to be taken in order to obtain 
satisfactory conductivity measurements. Solutions of silver nitrate 
in ethyl cyanoacetate undergo a slow change (compare Koch, J., 
1928, 273), and were therefore examined only when freshly prepared, 
whilst consistent results for solutions of silver nitrate in o-toluo- 
nitrile could be obtained only with solvent of the highest degree 
of purity. Again, solutions of potassium iodide in ethyl cyano- 
acetate, owing to their sensitiveness, had to be prepared and 
examined in diffuse artificial light. 

Purification of Materials.—Ethyl cyanoacetate. The large middle 
fraction obtained in a fractionation of the commercial product was 
washed with sodium carbonate solution and extracted with ether. 
The ethereal extract was washed with water and dried with calcium 
chloride. The residue then obtained after removal of the ether 
was distilled in a vacuum, and the middle fraction was shaken or 
allowed to stand with calcium chloride. Redistillation under 
reduced pressure gave a product the specific conductivity of which 
in different cases lay between 1-2 and 3-5 x 10-7 mho. The density 
of this pure ethyl cyanoacetate was 1-0607 at 25°, referred to water 
at 4°. Its viscosity at 25°, measured on 10 c.c. in an Ostwald visco- 
meter with a water period of 258 seconds, was found to be 0-0251 
(the value for water being 0-00895). 

o-Toluonitrile. This was purified in a similar way. The specific 
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Solvent : Ethyl cyanoacetate. 


Silver Nitrate. 
A = 25-46—277-8Vc. 


Series. c xX 104. A. Diff. 
a 16-79 14°25 +0-18 
e 9-175 17-04 —0-01 
a 7-971 17-67 +0-05 
b 7-085 18-17 +0-10 
c 4-266 19-71 —0-01 
b 3-889 19-96 —0-02 
b 2-486 21-03 —0-05 
c 2-352 21-20 +0-06 
b 1-665 21-86 —0-01 
c 0-902 22-75 —0-08 
c 0-311 23-37 —0-54 


Lithium Bromide. 
A = 19-10—196-7Vc. 


a 15-74 1168  +0-39 
b 9866 1304 +011 
a 6-190 1430 +0-09 
b 3-763 1539 +011 
a 2-365 1614 —0-07 
b 1368 16:80  +0-00 
a 0-795 17:34 +0-00 
b 0-395 17:38 —0-02 
b 0-2052 18:15 —0-06 
Sodium Iodide. 
A = 23-40—85-6Vc. 
a 16-16 19-95 +0-00 
b 11-42 20-47 —0-03 
a 8-590 20-86 —0-03 
c 7-420 2105 +0-02 
b 6-183 21:25  —0-01 
a 4-335 2163 +0-01 
c 2927 21:93 +0-00 
a 2-342 2212 +0-03 
b 1143 2254 +0-06 
c 1001 2261 +0-06 
b 0-5526 22-75 —0-01 
c 0-4432 22-82 —0-01 
b 0-3340 22-89 —0-01 
c 0-2423 22-91 —0-07 


Tetraethylammonium Bromide. 
A = 24-80—86-76Vc. 


20-76 20-92 +0-08 
12-18 21-83 +0-06 
11-51 22-01 +0-08 
7-760 22-44 +0-05 
4:797 22-93 +0-03 


coecor cece 


2-672 23-36 —0-03 
1-446 23-75 —0-01 
1-062 23-90 —0-01 
0-7995 24-00 —0-03 
0-6208 24-10 —0-02 


Series. 


ore reverses 


Potassium Iodide. 
A = 25-01—115-2Vc. 


c xX 104. 


17-01 

11-97 
7-936 
5-814 
4-445 
3°634 
2-716 
2-208 
1-143 


A. 


20-26 
20-96 
21-77 
22-23 
22-59 
22-78 
23-05 
23-25 
23-79 


Diff. 
+0-00 
—0-07 
+0-00 
+0-01 
+0-01 
—0-04 
—0-06 
—0-04 
+0-00 


Tetramethylammonium Iodide. 


cere cece 


A = 26-68—72-67Vc. 


10-48 
8-026 
6-311 
5-274 
4-051 
1-682 
1224 
0-8044 


24-35 
24-64 
24-86 
25-02 
25-25 
25-72 
25-87 
26-01 


+0-02 
+0-02 
+0-00 
+0-02 
—0-03 
—0-02 
+0-00 
—0-02 


Tetraethylammonium Iodide. 


b 
c 
a 
c 
a 
b 
c 
a 
b 
c 
a 
b 


A = 25°75—70-538Vc. 


11-325 
10-470 
7-665 
5-712 
4-701 
2-590 
2-312 
1-576 
1-015 
0-958 
0-687 
0-371 


23-45 
23-45 
23°81 
24-07 
24-22 
24-61 
24-67 
24-88 
25-05 
25-06 
25-16 
25-26 


+0-07 
—0-02 
+0-01 
+0-01 
+0-00 
+0-00 
+0-°02 
+0-02 
+0-01 
+0-00 
—0-01 
—0-06 


Tetrapropylammonium Iodide. 


score cor ce 


A = 23-60—62-74Vc. 


11-28 
8-989 
6-977 
6-172 
4-474 
3-362 
2-564 
1-010 
0-7976 


21-47 
21-71 
21-94 
22-02 
22-25 
22-45 
22-58 
23-00 
23-02 


+0-02 
+0-01 
+0-00 
+0-02 
—0-02 
+0-00 
—0-01 
+0-00 
—0-02 
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Solvent : o-Toluonitrile. 


Silver Nitrate. Potassium Iodide. 
A = 41-10—1027Vc. A = 41-08—253-3Vc. 
Series. c xX 10%. A. Diff. Series. c X 104. A. Diff. 
a 9-481 10°11 +0-61 b 6-621 34-59 +0-03 
b 6-436 15-04 —0-01 b 4-033 36-02 +0-03 
b 4-571 19-11 —0-03 a 3-863 36-12 +0-02 
a 3-497 22-01 +0-09 b 2-433 37°13 +0-00 
b 2-769 24-03 +0-03 a 2-195 37°37 +0-03 
a 2-161 26-06 +0-06 a 1-278 38°21 —0-01 
b 1-631 28-00 +0-00 a 0-824 38-73 —0-05 
a 1-119 30-21 —0-03 
a 0:5642 33-39 —0-07 Lithium Bromide. 
a 03576 34-79 0-17 a us Sy-eaccneev a: 
. a 5-895 11-03 +2°16 
Sodium Iodide. b 2-611 15°31 +0-11 
tem : ~ a 1-820 17-29 +0-01 
A = 38-05—249-2Vc. b 1-113 1959 40-02 
aA 17-62 27-69 +0-10 a 0-549 21-99 —0-03 
b 16-42 28-01 +0:05 a 0-1832 24-31 —0-05 
a 11-57 29-60 +0-03 
b 7997 31:06 -+0-05 Tetraethylammonium Bromide. 
c 6-155 31-89 +0-02 
a 4-666 32:67 -+£0-00 A = 39-30—248-9Vc. 
b 3-614 33-31 +0-00 b 15-59 29-52 +0-05 
c 2-726 33-92 —0-01 a 13-61 30-18 +0-06 
c 1-395 35°13 —0-02 b 10-90 31-12 +0-04 
ce 0-479 36-23 —0-09 b 7-733 32-36 +0-04 
a 5-756 33-34 +0-01 
b 3-972 34-36 +0-00 
Tetraethylammonium Iodide. a 1-806 35-91 —0-04 
~ b 1-208 36-51 —0:05 
A= 41-40—236-5V c. a 0-755 37-06 —0-08 
b 16-89 31-81 +0:13 
b 13-84 32-69 +0-08 Tetrapropylammonium Iodide. 
a 12-14 33°18 +0-02 - 
b 10:50 33-70 —0-02 A = 37-00—223-5V. 
a 7-997 34-74 +0-02 b 13-33 28-92 +0-08 
b 5-712 35-69 —0-04 a 12-26 29-28 +0-10 
a 4-326 36-50 +001 b 9-910 30-01 +0-02 
b 2-292 37-81 —9-01 a 8-484 30-52 +0-02 
a 1-156 38-82 —0-04 b 6-467 31-36 +0-03 
a 0-4317 39-76 —0-09 a 4-832 32-05 —0-04 
b 3-663 32-68 —0-04 
b 1-974 33-84 —0-04 
a 0-945 34-79 —0-04 
a 0-489 35-42 —0°12 


conductivity of different pure specimens lay between 0-6 and 1-2 x 
10-7 mho. The density and viscosity of the purified material were 
respectively 0-9941 and 0-0157, both at 25°. 

Salis. The best products obtainable commercially were recrystal- 
lised from conductivity water or redistilled absolute alcohol, according 
to circumstances, and were thoroughly dried by heating or in a 
vacuum over phosphoric oxide. 
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Results. 

The results of the measurements are set out in the tables on pp. 
1514-1515, where cis the concentration of the electrolyte in g.-equivs. 
per litre, and A is the equivalent conductivity at the given con- 
centration. As is customary, the specific conductivity of the 
solvent has been deducted from the measured value of that of the 
solution. In all cases two independent series of measurements (in 
some cases three) have been carried out, and it is found for each 
salt examined that A is a linear function of the square root of the 
concentration—in harmony with the results of many recent similar 
investigations. The linear relation in question may be written 
in the customary form A = Ay — «Vc, and the special form of 
this general equation appropriate for each salt is get out at the top 
of the corresponding table. The values of A, and x inserted in the 
separate equations were obtained by drawing a straight line as 
nearly as possible through the experimental points, extrapolating 
to zero concentration for Aj, and determining also the slope x 
of the line. The degree of conformity with the linear relationship 
may be judged from the figures under “ Diff.” in the tables. These 
represent the difference between the experimental value of A, and 
the value calculated by the equation at the head of the table. A 
+ sign indicates that the experimental value is the greater. 


Discussion. 
The values of Ay for the various salts in ethyl cyanoacetate and 
o-toluonitrile at 25°, obtained by extrapolation as already described, 
are collected in the following table :— 


Ethyl o-Toluo- Ethyl o-Toluo- 
cyanoacetate. nitrile. cyanoacetate. nitrile. 
) 4 ee 25-01 41-08 N(CH,),I ...... 26-68 — 
Nak: 3.4... 23-40 38-05 N(C,H;),I  ... 25-75 41-40 
LiBr ...... 19-10 27-80 N(C,H;),Br ... 24-80 39-30 
AgNO, ... 25-46 41-10 N(C;H;),t ... 23-60 37-00 


The foregoing figures, combined with the values of the viscosity 
n Of the pure solvents, and the corresponding data for acetonitrile 
(Walden and Birr, loc. cit.) and benzonitrile (Martin, loc. cit.), serve 
to test the validity of the Walden rule Agy = a constant for a given 
salt. The results of this test are set out below. 


Values of Ag7. 


KI. NaI. LiBr. AgNO, N(C,H,)J. N(C,H,),Br. N(O,H,),I. 
2  s oe 0-643 - -— 0-650 0-644 0-625 0-582 
on obs 7). en ae 0-646 0-597 0-448 0-647 0-659 — — 
H,(CN)- CO,Et... 0-628 0-587 0-479 0-639 0-646 6-623 0-592 
CHM MeCN ...... 0-645 0-597 0°-436 0-645 0-650 0-617 0-581 


It appears that the value of Agy is reasonably constant for each 
salt, except in the case of lithium bromide, where the conductivity 
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measurements also were less satisfactory (see tables on p. 1514). 
In the present work, determinations were carried out at 25° only, 
but earlier investigations in nitromethane (Philip and Oakley, J., 
1924, 125, 1189), benzonitrile (Martin, loc. cit., p. 3284), and aceto- 
nitrile (Walden and Birr, loc. cit., p. 305) have adequately shown 
that the value of Aj, for a given salt is independent also of the 
temperature. 

As already stated (p. 1516), the A-V/c plots were found to be 
straight lines. For the tetra-alkyl iodides in ethyl cyanoacetate, 
the slopes x of these lines are only slightly greater than those 
required by the Onsager equation: this is shown by the figures 
for 100(Xobs. — 2cale,)/Xeatc. Set Out in the following table. It will be 
observed that the deviations for the other salts examined in ethyl 
cyanoacetate and for all the salts in o-toluonitrile are much greater, 
and are in some cases very large indeed. 


Percentage deviations from Onsager’s equation. 


Ethyl o-Toluo- Ethyl o-Toluo- 

cyanoacetate. nitrile. cyanoacetate. nitrile. 
a 81 73 N(CH ,)gE .,- 2095 12 — 
} geese 39 73 N(C,H;),1_ ... 10 57 
BARE. anc00e 247 529 N(C,H,),Br ... 41 70 
AgNO, ... 340 585 N(C;H,),1 .... 15 57 


Except for potassium iodide, the abnormality in o-toluonitrile is 
distinctly greater than in ethyl cyanoacetate. This is perhaps not 
surprising, since the deviations found by Martin for salts in benzo- 
nitrile were much greater than those recorded by Walden and Birr 
for salts in acetonitrile. There appear to be factors characteristic 
of the aromatic solvents which lead to more definite departure from 
the behaviour postulated in the Onsager formula. 

The difference between the aromatic’ and the non-aromatic 
solvents suggested in the previous paragraph may be emphasised 
in another way.* The Onsager equation for uni-univalent salts, 
if divided throughout by Ap, gives 
A 5-78 x 10° 58-0 - 

Agu t [ (DTT DI Vixen 20. 
As already shown, the value of Ajy for tetraethylammonium iodide 
in the four nitriles considered is 0-65 at 25°: if this value is inserted 
in the foregoing equation, and ¢ is taken as 0-0005, then the values 
of A/A, for tetraethylammonium iodide at N/2000 concentration 
in the different nitriles should be given by the formula 
A1~(*8 10° sr | 
Aad (DT)! (DT}*]: 


* See also “ Chemistry at the British Association, 1931,’’ p. 55. 
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The values of the conductivity ratio calculated by this formula 
are compared with the observed values in the following table :— 


Tetraethylammonium iodide in different nitriles at 25° (c = 0-0005). 
D. A/Ag (cale.). A/Ag (found). 

Acetonitrile 36 0-956 0-953 
Ethyl cyanoacetate 27-7 0-945 0-930 
Benzonitrile 25-2 0-939 0-908 
o-Toluonitrile 18-8 0-919 0-872 

It is clear that in the two aliphatic solvents the observed value 
of the conductivity ratio is very close to that calculated by the 
Onsager equation, whereas in the aromatic solvents—although one 
of them has a dielectric constant not very different from that of 
ethyl cyanoacetate—there is a notable discrepancy. It will be 
interesting to see whether the influence of the chemical nature of the 
solvent here suggested is confirmed by the results in other nitrilic 
solvents which are under investigation. 


Summary. 


(1) The conductivities of a number of salts in ethyl cyanoacetate 
and in o-toluonitrile have been determined at 25°. 

(2) In all cases the equivalent conductivity is a linear function 
of the square root of the concentration. For the tetra-alkyl- 
ammonium iodides in ethyl cyanoacetate the slope of this line is 
only slightly greater than that required by the Onsager equation, 
but for other salts in ethyl cyanoacetate and for all the salts in 
o-toluonitrile the observed slope is definitely greater, sometimes very 
much greater, than the calculated slope. 

(3) An inspection of the data now available for four nitrilic 
solvents suggests that departure from the behaviour postulated 
by the Onsager equation is more definitely exhibited in aromatic 
than in aliphatic solvents. 


IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, March 16th, 1932.] 





204. Primary Photochemical Processes. Part I. 
The Decomposition of Formaldehyde. 


By Ronatp G. W. NorrisH and FREDERICK W. KIRKBRIDE. 


OF recent years it has become possible to inquire with advantage 
into the nature of the primary photochemical change. As a result 
it is evident the majority of photochemical changes in gases and 
vapours are associated with two types of absorption spectrum of 
the photoactive substance. This spectrum consists either of @ 
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series of bands with a complete absence of fine structure, or of a 
region of altogether continuous absorption without any evidence 
of bands. According to modern spectroscopic theory, this absence 
of the fine rotational lines, which usually characterise the absorption 
spectra of molecules, is associated with the onset of photochemical 
decomposition. When a series of continuous bands without 
rotational structure are shown, the condition has been termed by 
Henri “ predissociation,”’ and it has been proved that in this case, 
as the result of the absorption of the light quantum, the molecule 
undergoes disruption within an interval less than its rotation period. 
For example, in the case of ammonia we have NH, + hy = NH, + H, 
the reaction rate being independent of collision frequency down 
to low pressures (Bonhoeffer and Farkas, Z. physikal. Chem., 1928, 
134, 337). 

A similar observation in the case of continuous absorption has 
been made by Lewis for hydrogen iodide (J. Physical Chem., 1928, 
32, 270), and here also it is clear that the primary effect is the 
dissociation of the molecule within a very short interval after the 
act of absorption. 

It is remarkable that very few reactions in gases and vapours are 
known which can be unequivocally stated to be associated with a 
part of the spectrum showing fine structure. In the case of nitrogen 
peroxide, predissociation begins at 3800 A.U., and Norrish (J., 
1929, 1158, 1604, 1611) found that this point in the spectrum is 
associated with a photochemical threshold, in the sense that with 
longer wave-lengths the quantum efficiency rapidly falls away from 
the limiting value of 2, found at shorter wave-lengths, reaching zero 
at about 4100 A.U. Here we undoubtedly have photochemical 
reactivity in a region showing rotational fine structure, but this 
may be explained if we assume an overlap with another band 
system and a gradual fading out of the predissociation between 
3800 and 4100 A.U. As Henri has shown (“ Leipziger Vortrige,” 
1931, p. 131), such an assumption is in good agreement with the 
recently determined heat of dissociation of oxygen. 

On the other hand, the decomposition of nitrosyl chloride is more 
difficult to explain, since here, according to Kistiakowski (J. Amer. 
Chem. Soc., 1930, 52, 102), the quantum efficiency continues uni- 
formly at 2 as one passes from the region of predissociation to that 
of fine structure. This fact makes it impossible to account for the 
results by a gradual fading-out of predissociation as with nitrogen 
peroxide, and it must be assumed that the excitation process can 
lead to photochemical reactivity, ¢.g., 

NOCI + hv = NOCI*, NOCI* + NOCI = 2NO + Cl,. 
Apart from the data on nitrogen peroxide and nitrosyl chloride, 
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the only work which appears to be of sufficient precision to bear 
conclusively on the subject is de Hemptinne’s study of the de- 
composition of benzaldehyde (J. Phys. Radium, 1928, 9, 357); 
here it seems that photochemical reactivity is definitely confined to 
the predissociation region. The other work of Henri and his 
collaborators must be considered inconclusive on account of the 
meagre data supplied and the doubtful character of some of the filters 
employed. 

The existing evidence can thus hardly be said to establish definitely 
any general relation between photochemical and predissociation 
thresholds, and in view of the importance of the problem, there is 
need for the careful study of further simple photochemical changes 
for the purpose of comparing the reactivity in the fine-structure 
and predissociation regions. We selected formaldehyde for the 
present study, first, because its predissociation limit is accurately 
known, secondly, because of the simplicity of the photochemical 
change CH,O = H, + CO, and thirdly, because its decomposition 
is typical of a number of similar changes with other aldehydes, 
R-CHO = RH + CO, which at least qualitatively seem to be 
associated with predissociation. On the other hand, formaldehyde 
is not an easy substance to work with, partly on account of its 
comparatively weak absorption, and partly because its tendency 
to polymerise at room temperature necessitated working at 100— 
110°. .These difficulties were, however, overcome, and in the sub- 
sequent determinations of quantum efficiency the results were 
reproducible to + 15%. 

The absorption spectrum of formaldehyde from 3700 to 2500 
A.U. has been examined in detail by Henri and Schou (Z. Physik, 
1928, 49, 774) and by Herzberg (T7'rans. Faraday Soc., 1931, 27, 378). 
The spectrum shows rotational fine structure down to 2750 AU., 
but between 2750 and 2670 A.U. there is a transition to a pre- 
dissociation region, which continues to 2500 A.U., where absorption 
ceases. The predissociation limit moves 70 A.U. towards the visible 
region if the temperature is raised to 220°. 

Formaldehyde was first investigated photochemically by Berthelot 
and Gaudechon (Compt. rend., 1910, 1541, 478), who found’ that, in 
the form of trioxymethylene, it is decomposed by ultra-violet light, 
giving mainly hydrogen and carbon monoxide, together with small 
quantities of carbon dioxide and methane. Later, Bredig and 
Goldberger (Z. physikal. Chem., 1924, 110, 532) studied the reaction 
in the vapour phase. At 80° this proceeded almost quantitatively 
according to the equation CH,O = H, + CO, but at 195° con- 
siderable quantities of carbon dioxide and methane were formed. 
The reaction proceeded in a unimolecular manner at low pressures 
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of formaldehyde, but became of zero order as the pressure and 
thickness of the absorbing layer were increased. These authors did 
not attempt to measure the quantum efficiency of the reaction, or 
to characterise the wave-length of the active radiation. 

Bates and Spence (J. Amer. Chem. Soc., 1931, 53, 1694) state that 
the rate of polymerisation of formaldehyde (at 0°) is increased by 
ultra-violet light; but since the curve which they reproduce shows 
no distinct break at the point where illumination was begun, and in 
the present investigation no effect of this kind was noticed, the effect 
if rea] must be slight. 

In our own preliminary experiments, using a colour filter of 
“Vita” glass which cut off light of wave-lengths less than 280 uy, 
we observed a six-fold decrease of reaction velocity, and, allowing 
for possible imperfections of the filter, this was taken as confirming 
the dependence of photochemical decomposition on predissociation, 
as stated by us in a recent paper on the photochemical properties 
of the carbonyl group (Trans. Faraday Soc., 1931, 27, 404). It 
was, however, subsequently found impossible to account for the 
residual decomposition by the imperfection of the colour filter, 
and it became apparent that photochemical action was also 
to be attributed to the longer wave-lengths of the mercury lamp 
at 310 uu, and that these were. transmitted by the glass filter less 
than we had originally supposed. 

It was then obvious that the only adequate test was to measure 
the quantum efficiency of the decomposition on both sides of the 
predissociation limit. The results obtained were not in accord with 
our preliminary conclusion, for the quantum efficiency is of the order 
of unity for each of the spectral regions 254—265, 303—313, and 
334—365 uu, while the predissociation limit at 100° cannot lie higher 
than 280 uy, according to the measurements of Henri and Schou 
(loc. cit.). 

EXPERIMENTAL. 

Preparation of Formaldehyde—Monomeric formaldehyde was 
prepared by distilling paraformaldehyde according to the method 
of Trautz and Ufer (J. pr. Chem., 1926, 113, 105). The liquid-air 
traps employed for condensation and redistillation were of the ordin- 
ary type having one internal seal. All the connecting tubing of 
the preparation train was wound with nichrome wire and asbestos 
cord, and a current passing through the wire maintained the 
temperature at 90°. 

The distillations were thus effected without serious polymerisation, 
and the final product was such that its vapour, when confined in a 
bulb at 110° and pressures up to 170 mm.., initially showed a pressure 
fall of only 0-05—0-1 mm. per minute, which decreased to 1—2 mm, 
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per hour. This pressure fall may be ascribed to polymerisation 
occurring near the taps, which, for want of a suitable tap-grease, 
were not directly heated. 

Preliminary Investigation.—In the apparatus for the preliminary 
study of the decomposition, a double-walled cylindrical silica 
reaction vessel of 130 c.c. capacity was used (Fig. 1). The space 
between the double walls was filled with distilled water, and was 
electrically heated in such a way that the water was kept gently 
boiling ; the temperature of the vessel was thus maintained constant 
at 100°. The vessel was connected, via a ground joint, to a mercury 
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manometer, and, through taps, to the reservoir of formaldehyde 
and to the Hyvac and Tépler pumps. All the connecting tubing 
was heated as described above, and the ground joint was lubricated 
with a high-temperature grease made by dissolving excess of crépe 
rubber in vaseline. In order to get a great intensity of illumination, 
a mercury-are lamp was mounted parallel to the reaction vessel and 
at 10 cm. from it. 

In the full light of the mercury lamp a rapid decomposition set 
in, the pressure tending towards a value double that of the original 
formaldehyde vapour. When the filter of “ Vita” glass was 
inserted the rate of decomposition dropped to one-sixth, and, as 
stated above, this residual change must be due to wave-lengths 
greater than 280 uu, since absorption photographs taken with the 
mercury and iron arcs indicated that the “‘ Vita” glass was com- 
pletely opaque below this wave-length. 
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In a series of runs, with and without the filter, the products of 
decomposition were pumped off by the Tépler pump and analysed 
in a gas burette designed to deal with small quantities of gas up to 
6c.c. The analyses confirmed the results of Bredig and Goldberger 
and showed that the decomposition to the extent of 95% can be 
represented by the simple equation CH,O = H, + CO, and that 
it is the same for filtered light of wave-length longer than 280 yy 
as it is for the shorter wave-length light of the predissociation region. 
The results of the analyses are tabulated below. The pressure 
fall observed in Expts. I and II occurred because the slow poly- 
merisation was more rapid than the decomposition due to the 
long-wave ultra-violet light. 


Expt. I. Expt. II. 


Filter of Filter of Expt. IV. 

4-5 mm. 7mm. Expt. III. Vessel 

“Vita” “ Vita” No kept in 

glass. glass. filter. the dark. 

Duration of exposure (mins.)... 180 180 60 123 
Initial pressure (MmM.) ......++.++. 111-5 102-8 103-4 112-9 
Final pressure (mm.)  ......+-.++. 103-3 90-5 113-3 102-9 
Gas collected (c.c. at N.T.P.)... 2-71 1-41 4-89 <0-06 
Carbon monoxide, % .....+..++++ 51-0 50-4 51-2 — 
Hydrogen, %, | ccsvsssesccesccsevnss 45-5 47-5 48-5 ces 
Methane, Foe. gb arreestbeoccocccncces 2-4 = 0-4 —- 
Carbon dioxide, % _ ......s.seeee0e 0-8 Nil Nil — 


Measurement of the Quantum Efficiency of the Reaction. 


The quantum efficiency was measured for the three spectral 
regions, 254—280, 303—313, and 334—365 uy. 

On account of the slow polymerisation it was necessary to measure 
the amount of decomposition by pumping off the products and 
estimating the carbon monoxide formed. For this purpose, owing 
to the low intensity of the monochromatic beams, and the weak 
absorption of the formaldehyde, exposures of some 17 hours were 
necessary. The light absorption was calculated from the incident 
flux and the absorption coefficients of the formaldehyde for the 
different wave-lengths employed, the coefficients being determined 
in separate experiments. 

The reaction vessel (Fig. 2) consisted of a quartz bulb of 220 c.c. 
capacity, supported in a cylindrical electric furnace closed at one 
end by a lens, and at the other by a quartz window. The furnace 
was maintained always at 110°. The reaction bulb was connected 
to the pumps, manometer, and supply tube through a ground-glass 
joint lubricated with a high-temperature tap-grease, and (in the 
later runs) sealed with ‘‘ Picein.” As before, all connecting tubing 
was electrically heated. 

The manometer was U-shaped; the right-hand limb A was 
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evacuated by the Hyvac pump, and by means of the levelling-tube 
attached to the tube B, the mercury surface in the left-hand limb 
was kept always at the same point of the scale. 

On account of the presence of the furnace, a thermopile could 
not be used to measure the light flux, hence a gas-filled sodium 
photoelectric ‘cell, with a quartz window, was employed. The cell 
was sufficiently sensitive to be used in conjunction with a sensitive 
moving-coil galvanometer, which was rendered dead-beat by a shunt 
of 3,500 ohms. The cell was sensitive to light of all wave-lengths 
from the far ultra-violet to the blue; green and yellow light also 
affected it slightly. 

The optical system was as shown in Fig. 2. The diaphragm 
D,, with an aperture of 2 cm., was as close to the lamp as possible, 
and about 5 cm. in front of D, was another diaphragm D,, also of 
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about 2 cm. aperture. After D, the light fell on a large quartz 
lens L, (of 10 em. focal length and at 18 cm. from D,), entered the 
furnace, and passed through the reaction vessel, coming to a focus 
near the far end of F. After traversing the quartz window W, it 
was made to converge again by the quartz lens L, (6 cm. focal 
length), so that it fell on the photoelectric cell P. 

Calibration of Photoelectric Cell—The cell was first calibrated 
directly for light of wave-lengths 436 and 365 yu by comparison 
with a thermopile circuit, of which the erg-sensitivity had been 
accurately determined by means of a standard carbon-filament 
lamp supplied by the National Physical Laboratory. The erg- 
sensitivity at 313 and 256 up» was then obtained relatively to that 
at 436 and 365 up by comparison of the four wave-lengths, a mono- 
chromator and thermopile being used. The following results were 
obtained : 
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Potential on cell—112 volts. 
1 Cm. of galvanometer deflexion corresponds to 





Wave-length Erg-sensitivity Quantum sensitivity 
(pp). (ergs/sec.). (quanta/sec. x 1071). 
436 1230 2-74 
365 591 1-10 
313 477 0-76 
254 1680 2-17 


In practice it was convenient to use the cell at voltages lower than 
112, and conversion factors for these lower voltages were separately 
determined. 

Colour Filters and Light Source.—For isolating the various wave- 
lengths used, the following colour filters were employed : 

436 uz. A 3-cm. layer of 1% aqueous solution of tetrammino- 
cupric sulphate (Vanino, “ Praiparative Chemie,’ 1921, I, p. 500), 
combined with a 0-5-cm. layer of 4% aqueous quinine hydrochloride 
solution. 

365 uz. A Wratten ‘‘ mercury monochromat filter No. 18a.”’ 

313 uz. A 2-cm. layer of an aqueous solution containing 0-135 g./ 
litre of potassium chromate and 0-014 g./litre of p-nitrosodimethyl- 
aniline, approximately as recommended by Winther (Z. Elektrochem.., 
1913, 19, 390), supplemented by a 2-mm. plate of “ Vita ”’ glass. 
A photograph of the mercury-are spectrum through this combination 
showed that no trace of any line below 297 uu was transmitted. A 
quantity of visible light was transmitted whose residual effect on 
the photoelectric cell was determined by cutting out the ultra- 
violet light with a 0-5-cm. layer of 4% quinine hydrochloride solution ; 
the transmission of this quinine filter for visible light was separately 
determined. 

254 up. A 5-cm. layer of chlorine at atmospheric pressure. 
This filter transmitted light of wave-lengths 254 and 265 uy, but 
extinguished all wave-lengths between 280 uy and the visible region. 
The intensity of the visible radiation transmitted was high, and, as 
for the 313 uy filter, it had to be separately determined and allowed 
for, by introducing a glass plate of known transmission and measuring 
the residual deflexion. 

The light source was a mercury-vapour lamp, straight pattern, 
run off a storage battery of 220 volts, and consuming a current of 
2°5 amps. with a terminal voltage on the lamp of 150. 

Determination of the Absorption Coefficient of Formaldehyde.— 
The above filters being used, the light absorption of the formaldehyde 
at large pressures up to 500 mm. in the reaction vessel was directly 
measured. From the figures so obtained, the absorption at the 
lower pressures used in the quantum efficiency measurements 


could be caleulated. 
3D 
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The following values of 1/p. logy )J,/Z were found, p being the 
pressure in mm. at 110°, and J, and J representing the incident 
and the transmitted light respectively. 


Wave-length, Approximate molecular extinction 
py. 1/p . logy, I,/I. coefficient (decadic logarithms). 
254— 265 (3-0 + 0-2) x 10-* 0-89 
303—313 (8-2 + 0-6) x 10-¢ 2-4 
365 (2-5 + 0-5) x 10°5 0-07 


Correction for Absorption and Reflexion Losses.—In measuring 
the light-flux, correction must be made for light losses at the 
back face of the vessel and the successive reflecting surfaces of the 
optical system, and for the absorption by the quartz, which for the 
shorter wave-lengths was quite high. These losses were therefore 
determined by direct transmission tests on the vessel, window, and 
lens, at each of the three wave-lengths. 

Course of an Experiment.—When the furnace and mercury lamp 
had come to a steady state, the intensity of the light beam was 
measured as described above. Formaldehyde was then admitted 
to the reaction vessel to a pressure of about 170 mm., and irradiated 
for about 17 hours. A final reading of the pressure was made and the 
gases were then pumped out by the Tépler pump through liquid 
air, and collected. The carbon monoxide was estimated as before, 
and taken as a measure of the number of molecules of formalde- 
hyde decomposed. Two control experiments in which formaldehyde 
at 170 mm. pressure was kept in the reaction vessel in the dark at 
110° for 20 hours yielded no trace of carbon monoxide. 

The final pressure of formaldehyde was deduced from the observed 
final pressure by subtracting the pressure due to the decomposition 
products; it was usually about 20% less than the initial pressure. 
The mean of the initial and the final pressure was then used tocalculate 
the mean light absorption, the absorption coefficients listed above 
being used, and the quantum efficiency was calculated from the 
sensitivity of the photoelectric cell at the wave-length employed. 
The final results were as set out below. 

At 4 = 254—265 uu. 
Photoelectric cell at 40 volts. 
Conversion factor from 112 volts = 1 : 1-69. 


I. II. Iil. IV. 
Incident light flux (in.cm. defin.) .... 7°35 6:1 7-5 5-0 
Initial press. of CH,O (mm.) ......... 170 172 175 174 
Final press. of CH,O (mm.) ......... 114 115 120 155 
.‘. Mean absorption (in cm. defin.)... 0-69 0-57 0-72 0-53 
Do. corrected for light losses ......... 1-43 1-19 1-51 1-11 
Time of illumination (secs.) ......... 61,200 59,400 60,600 27,000 
.. Quanta absorbed x 10-'* ......... 3:20 2-61 3°36 1-10 
CO measured (C.C.)  ccrccccesecccesseveees 1-09 0-86 0-99 0-42 
.. Mols. decomp. X 107! .........+6+ 2-96 2-33 2-68 1-12 
DEBE Sircdadecndcopecndecaniccrcwnscanavardaree 0-9 0-9 0-8 1-0 














o teed bed bee 


D 
T 


Cc 














PRIMARY PHOTOCHEMICAL PROCESSES. PART I. 1527 


At 2 = 303—313 py. 
Photoelectric cell at 95 volts. 
Conversion factor from 112 volts:= 1: 1-11. 


I. Il. Til, 
Incident light flux (in cm. defin.) ... 6-15 9-0 4-95 
Initial press. of CH,O (mm.) ......... 178 178 174 
Final press. of CH,O (mm.) ......... 124 139 152 
.". Mean absorption (in cm. defin.)... 1-51 2-31 1-29 
Do. corrected for light losses ......... 2-52 3°85 2-15 
Time of illumination (secs.) ......... 61,320 61,200 64,500 
.°. Quanta absorbed x 10-!® ......... 1-30 1-99 1-17 
CO collected (€.€.) sicscecscccccecsvcees 0-53 0-79 0-48 
-°. Mols. decomp. x 10° ............ 1-43 2-14 1-29 
BaP csasccsocessbstenecisnspgeethinasetes acres 1-1 1-1 1-1 

At 4 = 365 py.* 


Photoelectric cell at 42 volts. 
Conversion factor from 112 volts = 1: 1-64. 


} II. Tit, 
Incident light flux (in cm. defin.) ... 46-3 41-8 40-9 
Initial press. of CH,O.(mm.) ......... 178 181 176 
Final press. of CH,O (mm.) ......... 130 159-5 138 
.". Mean absorption (in cm. defin.} ... 0-40 0-40 0-36 
Do. corrected for light losses ......... 0-60 0-60 0-54 
Time of illumination (secs.) ......... 73,800 74,300 73,200 
.*. Quanta absorbed x 107% ......... 8-03 8-07 7-19 
CE OOUMOUO 1C.0.)  sgcreisegsccescessnes 0-26 0-17 0-15 
.*. Mols. decomp. x 107 ............ 7-0 4-6 4-1 
ia OE wantsewansiniesnidamechetinipmaksiasnihines 0-9 0-6 0-6 


* At this wave-length the results must be regarded as correct only as 
regards order of magnitude, since both the light absorption and the amount 
of decomposition were very small. 


The mean value for the quantum efficiency ‘(y) is 0-9 at 254— 
265 uu, and 1-1 at 303—313 uy, so that. within the experimental 
error it is unity, both in the predissociation region and at a con- 
siderable distance on the long-wave side of the predissociation 
limit (which is at about 280 yu). Even at 365 yp, the quantum 
efficiency is of the same order, though here, however, the decom- 
position may have been chiefly due to the weak light of wave- 
length 334 uu, which was transmitted appreciably by the Wratten 
filter. The results therefore show that there is probably no sharp 
photochemical threshold anywhere in the absorption region from 
370 to 250 uz, and certainly none to correspond with the pre- 
dissociation limit. 
Discussion of Results. 

There were two questions to be answered with reference to the 
primary photochemical change in formaldehyde: , (i) How far is 
the photochemical decomposition confined to the spectral region of 
predissociation? (ii) What is its nature ? 

(i) It is clear from our present results that the decomposition is 
by no means limited to the predissociation region, but that it con- 
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tinues unabated in the region of fine structure, with a nearly uniform 
quantum efficiency throughout the whole absorption system. Thus, 
while we may admit that the spectral data indicate a spontaneous 
decomposition independent of collision in the case of predissociation, 
we must admit also an equal probability of decomposition of 
excited molecules by collision in the region of fine structure. For 
this type of change we shall write 

; H,CO + hv = H,CO*; 

H,CO* + X = H,+ CO + X, 


where X is any second molecule, the energy of excitation being 
redistributed by collision in such a way as to lead to molecular 
dissociation. 

There seems evidence for a similar process in the case of chlorine, 
which has been shown to be photochemically active towards hydrogen 
in the spectral region of fine structure, outside its dissociation 
region (Allmand, Trans. Faraday Soc., 1931, 27, 425). For this 
we may similarly suggest 

Cl, + hv = Cl,*; 
Cl,* + X = Cl+ Cl+ X. 

For the case of nitrosyl chloride referred to in the introduction 
we must also suppose 


NOC! + hy = NOCI*; 
NOCI* + X = NO+ Cl+ X, 


though here, in view of energy relationships, the second molecule 
X must also act as an acceptor for the chlorine atom, e.g., NOCI* + 
NOCI = 2NO + Cl,. 

In the present instance of formaldehyde, the reaction CH,O = 
H, + CO is almost thermo-neutral, so if we regard this as the 
primary change there is no difficulty in imagining the collision of 
activated molecules as leading to reaction, and the original energy 
of excitation will appear in these products. 

(ii) This, however, involves the second of the above questions, 
the nature of the change. Two primary processes have been 
proposed, that of Henri (‘‘ Leipziger Vortrage,” 1931, p. 131), of 
Herzberg (T'rans. Faraday Soc., 1931, 27, 378), and of Mecke 
(Nature, 1930, 125, 526), involving the elimination of a hydrogen 
atom in the predissociation change: hy + CH,O —> H + CHO, 
and that of the present authors (Trans. Faraday Soc., 1931, 27, 404), 
involving primary splitting into hydrogen and carbon monoxide 
molecules without production of atoms: CH,O + hy = H, + CO. 
The present results confirm the latter mechanism. In the first 
instance, if hydrogen atoms are liberated we might reasonably 
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expect a quantum efficiency greater than unity, since secondary 
processes, such as H + CH,O = H, + CHO, would surely be 
possible. This is not found to be the case. In the second instance, 
the evidence for the production of atoms was based on the adequacy 
of the energy value of the quantum as compared with the thermal 
value of the C-H bond. This agreement disappears in view of the 
practically unabated reactivity at longer wave-lengths. For 
example, the energies of the quanta of wave-lengths 334—365 and 
310 up are about 80,000 and 92,000 cals./g.-mol. respectively, 
while the value of the C-H bond is 93,600 cals./g.-mol. (Dickinson, 
Dillon, and Rassetti, Physical Rev., 1929, 34, 582). 

If, however, the energy of binding of carbon to hydrogen in 
formaldehyde be considered less than the above, we might still 
suppose that the decomposition involving hydrogen atoms occurs 
when the energy of excitation is redistributed on collision. 

Such evidence és exists is against this possibility, for when we 
consider the analogous decompositions in other aldehydes we find 
that apparently only one hydrocarbon, and no hydrogen, is pro- 
duced from each aldehyde. 

The following changes illustrate this : 

CH,°CHO —->CH, + CO Berthelot and Gaudechon (Compt. rend., 1913, 
156, 68); Bowen and Watts (J., 1926, 
1607); Smith (Carn. Inst. Washington, 
1927, 27, 178). 

C,H,-CHO —>C,H,+ CO _ Berthelot and Gaudechon (loc. cit.); Franke 
and Pollitzer (Sitzungsber. K. Akad. Wiss. 
Wien, 1913, 122, 183). 

CHMe,*‘CHO —+C,H, + CO Franke and Pollitzer (loc. cit.), 

C,H,,-CHO —>C,H,, + CO Franke and Pollitzer (loc. cit.). 

C,H,;-CHO —>C,H, + CO De Hemptinne (loc. cit.). 

These reactions are completely analogous to that of formaldehyde, 
photodecomposition occurring in all cases in the region round 290 py 
in the absorption system corresponding to the carbonyl group, 
and being associated qualitatively with predissociation. If, how- 
ever, they had involved hydrogen atoms or free radicals produced 
in a primary change analogous to that suggested by other workers 
for formaldehyde, hydrogen in all cases, and hydrocarbons (e.g., 
ethane in the case of acetaldehyde, and diphenyl in that of benz- 
aldehyde) would be expected in appreciable quantities. Yet 
these are not found, and all the above changes appear to occur 
practically exclusively as represented. 

On the other hand, it is to be admitted that the analytical data 
for these reactions are not always as complete as could be desired, 
and it is hoped to test the point with greater certainty by re-examin- 
ing certain of the above changes. For the above reasons we prefer 
the primary decomposition involving carbon monoxide and hydrogen 
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molecules—by spontaneous dissociation in the predissociation 
region, and by activation followed by collision in the region of fine 
structure: CH,O* + X = H, + CO+ X. 


Summary. 


A study has been made of the photochemical decomposition 
of formaldehyde vapour. The following change takes place almost 
quantitatively : H,CO = H, + CO. 

The quantum efficiencies in the spectral regions 365—334, 313— 
303, and 265—254 uy are found to be 0-7, 1-1, and 0-9, respectively, 
while the predissociation limit lies at 280 uy. There is thus no 
evidence for a photochemical threshold associated with the pre- 
dissociation limit. It is considered that the balance of evidence 
is against representation of the primary photochemical change as a 
splitting off of a hydrogen atom, and evidence is offered for the 
primary dissociation into hydrogen and carbon monoxide molecules : 
hy + CH,O = H, + CO. This takes place spontaneously in the 
predissociation region, while in the region of fine structure it 
occurs as a result of a collision between an excited molecule and a 
second body, such a collision bringing about dissociation by a 
redistribution of the energy of excitation. 


Our acknowledgments are due to the Royal Society and the 
Chemical Society for grants towards the cost of apparatus, to the 
Department of Scientific and Industrial Research and to Emmanuel 
College, Cambridge, for maintenance grants to one of us (F. W. K.), 
and to Dr. F. P. Bowden for assistance with his monochromator 
in calibrating the photoelectric cell. 
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205. The Composition of the Compounds of Picryl 
Chloride and of s-Trinitrobenzene with Benzene. 


By Dauzret Lu. Hammick, GeorGcE M. HILks, and Joun Howarp. 


A COMPOUND between picryl chloride and benzene was first described 
by Mertens (Ber., 1878, 11, 844), who, from a determination of the 
loss in weight that occurred when a specimen was exposed to the 
air, deduced an equimolecular composition; C,H,,C,H,(NO,),Cl. 
Hepp (Annalen, 1882, 215, 376) prepared an analogous compound 
of benzene with s-trinitrobenzene and assigned to it the composition 
CyH,,C,.H,(NO,),, also as the result of an analysis. 

These two compounds very readily lose benzene on exposure to 
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the air, and although both Mertens and Hepp note this fact, neither 
of them appears to have taken any special precautions to prevent 
loss of benzene when preparing their specimens for analysis. Lack of 
such precautions makes their analytical results suspect, and we have 
therefore determined solid—liquid equilibria in the two-component 
systems benzene—picryl chloride and benzene-s-trinitrobenzene. 
Pure specimens of the components were weighed into bulb-tubes, 
which were sealed and heated in a variable thermostat until the 
temperatures 7'° were found at which the last trace of solid phase 
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just disappeared. The data obtained are given in the tables and 
are plotted in the figure. Compositions of liquid phases given in 
the tables are expressed as mols,% of the nitro-compound. 
Benzene—Picryl Chloride. 
Mols.% 0-0 5-55 10-6 15-9 23-8 28:0 343 37-9 416 47-7 


bee eee 54° 2-5° «-20-8°  27-6° 340° 36-4° 39-0° 38-2° 40-2° 44-2° 

Pole. % woe. sae B18? B6-7° 685° G40" O82" TL? 756° BI-0° 
Benzene-s-T rinitrobenzene. 

Hols: % wn Oto god? BOT! 623° 675° 604° 712° 709° 

Mols. % ...... 44-2 47:4 50:7 51:2 60-2 80-3 100 


eect dd Be 715° 746° 77-9° 79-3° 86-7° 106-6° 121-0° 
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The curves indicate that in each system there is a compound with 
a congruent m. p. and containing 33-3 mols.% of nitro-compound, 
the formule of the compounds stable in contact with liquid being 
20, ,H,,C,H,(NO,),Cl, m. p. 39° [Found : loss in a vacuum desiccator 
over sulphuric acid, 41-3, 42-0. 2C,H,,C,H,(NO,),Cl requires 
2C,H,, 38-7%], and 2C,H.,C,H,(NO,)3, m. p. 71° [Found : loss on 
heating in a steam-oven, 43-0, 43-5. 2C,H,,C,H,(NO,), requires 
2C,H,, 42:3%]. Specimens for analysis were obtained by crystal- 
lisation at the ordinary temperature from benzene, some of the 
solid being removed on a spatula and rapidly dried between filter 
paper. The specimens were immediately enclosed in a glass- 
stoppered bottle for weighing. 

Since the equimolecular compounds would require losses of only 
24-0 and 26-8% respectively, the 2:1 ratio of benzene to nitro- 
compound is established. 

The possibility of the existence of 1: 1 molecular compounds is 
being investigated. 


Tue Dyson PERRINS LABORATORY, 
OXFORD. [Received, March 8th, 1932.] 





206. Studies in Gaseous Adsorption. Part III. 
The Thermal Activation Effect in the Adsorption 
of Hydrogen on Platinum and Nickel. 


By Epwarp Braprorp MaxtTep and Nissim Hassip. 


Ir has been noticed by several workers that the sorptive power of a 
metal for a gas such as hydrogen becomes increased if, instead of 
the gas being admitted to the previously evacuated metal at the 
temperature at which the adsorption is measured, the admission 
is made at a higher temperature. Thus, Firth (J., 1920, 117, 171; 
1921, 119, 1120) found that, while the volume of hydrogen sorbed 
by palladium at liquid-air temperature is normally very small, 
a sorption of a greatly increased order of magnitude was obtained 
at — 190° by allowing the metal to cool to this temperature in 
a hydrogen atmosphere. Benton and White (J. Amer. Chem. 
Soc., 1930, 52, 2325) observed a similar effect with nickel, different 
results being obtained according to whether they operated ex- 
clusively at a low adsorption temperature or saturated the metal 
with hydrogen at a high temperature and afterwards cooled thesystem 
to the lower temperature. 

This apparent activation, by thermal treatment, of adsorbing 
elements in the surface which are not normally available for adsorp- 
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tion is of considerable interest in connexion with the better under- 
standing of the factors underlying adsorption generally, especially 
since the increased adsorption is usually considerably greater than 
the normal adsorption at any temperature within the range of heating 
and cooling; and, for this reason, the following work has been 
undertaken with the object of studying in greater detail the de- 
pendence of the activation effect on the range and position of the 
temperature change. 
EXPERIMENTAL. 

As adsorbing metals, nickel and platinum were employed, the 
former being prepared by the reduction, in the apparatus itself, 
of black nickel oxide—obtained by calcination of the nitrate— 
at a temperature not exceeding 300°. The platinum was made by 
reducing a solution of chloroplatinic acid with an alkaline formate 
solution, the metal being subsequently thoroughly washed, dried, 
and treated in the apparatus with hydrogen at 100°. These metals 
were contained in small adsorption pipettes, which could be brought, 
by immersion in suitable baths, to the temperature required. 

For the measurement of gas volumes, it was found convenient 
to employ, for each adsorption pipette, two gas burettes, one of 
larger and one of smaller diameter, connected in parallel, volume 
changes being read off on the one or the other according to their 
magnitude. In this way it was possible to follow accurately 
relatively small volume changes while retaining a sufficiently 
large reserve of gas to avoid delays by the admission of gas from 
an external source, Correction for changes in the apparent volume 
of the adsorption pipette with temperature was facilitated by 
providing a compensating bulb of approximately the same capacity 
as the dead space in the adsorption pipette, immersed side by side 
with the adsorption bulb in the heating or cooling bath. The 
gas-measuring system was contained in a thermostat, and all readings 
were made telescopically. 

Evacuation was carried out either by an automatic Sprengel 
pump or, where it was not necessary to measure the volume of gas 
pumped off, by a mercury-vapour pump backed by a Hyvac oil 
pump. 

In the measurements carried out with nickel, this was first 
degassed at 250°, then cooled in a vacuum to the temperature chosen 
for adsorption; the normal adsorptive power at the temperature. 
and at atmospheric pressure was then determined by the admission 
of hydrogen in the ordinary way. The nickel, after being used for 
some time, was found to be in a sufficiently stable condition to give 
check readings for the adsorptive power, after successive evacuations, 
agreeing within 0-2 c.c. 
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In order to determine the activation effect of a temperature 
change, the nickel was first allowed to adsorb the normal volume of 
hydrogen by the direct admission of the gas at a temperature, t,. It 
was then heated, in contact with hydrogen, to a second temperature, 
t,, and once more cooled to its original temperature, the increased 
adsorption induced by the heating and cooling being measured. 

It should be noted that, if the adsorption at the higher temper- 
ature, ¢,, be read off, this is found to be merely the normal adsorption 
for that temperature, the additional adsorption being obtained only 
on once more cooling the system to a temperature below ¢,: more- 
over, if the heating and subsequent cooling are carried out in a 
vacuum, in place of in a hydrogen atmosphere, the adsorption 
at ¢, undergoes no increase beyond its normal value. The 
adsorptive power is thus dependent on the highest temperature to 
which the metal has been heated in contact with hydrogen; and 
the result of such heating is to induce increased values for the 
adsorption at all temperatures below this point, but not to influence 
the adsorption at still higher temperatures. 

The greater part of the gas is adsorbed immediately; and the 
rate of subsequent adsorption rapidly sinks, being very low after 
the first few minutes. The figures given in Table I represent 
adsorptions after 30 minutes. All measurements are at atmospheric 
pressure, and all gas volumes are in c.c. at N.7'.P. The weight of 
nickel employed was 7-0 g. 

TaBLe I. 


Adsorption (c.c.) at ¢, after heating to ¢, and 
re-cooling to #;. 





Normal t. = 
adsorption Z “~ ~ 
Series. t. at ¢;, ¢.c. —79°. 0°. 100°. 250°. 
1 — 190° 2-70 5-67 7:27 7-97 8-52 
— 79 3°84 — 5°54 6-34 6-82 
0 4-78 — —_— 5-38 5-93 
100 5-09 — —_— — 5-72 
250 3-50 
2 — 190 2-76 5-62 7-32 7-75 8-17 
— 79 3°88 — 5°88 6°61 7-21 
0 5-02 — — 5°82 6-47 
100 5-03 — _— —_— 5°73 
250 3-36 


If the increase in adsorption (b) at a given temperature (f,) is 
plotted against the range of heating and cooling (¢, — ¢,) inducing 


- the increase, curves of the type shown in the figure are obtained : 


the total thermally activated adsorption, contained in Table I, 
is expressed in the form v=a+), in which a is the normal 
adsorption. 

From the figure it will be seen, first, that the activation effect, 
b, for a given rise and fall in temperature, is the greater the lower 








OO Se ee a el Le 


ae fel, See 6 as fh. of ant fete ae. 


aa as & A 




















STUDIES IN GASEOUS ADSORPTION. PART III. 1535 


the position of t, on the temperature scale. Thus the effect of a 100° 
rise and fall at an adsorption temperature of — 190° is to induce an 
adsorption increase of nearly 3 c.c., compared with an increase of 
only about 0-2 c.c. if the initial temperature is 100°. Secondly, 
for any value of t,, the activating effect of each additional degree 
of temperature in the heating and cooling range becomes pro- 
gressively less as this range isextended. A more detailed expression 
of 6 as a function of ¢, and of the activation range, t, — ty, is of 
considerable interest in connexion with the mechanism of the effect. 

The activation is, moreover, approximately additive, in the sense 
that the additional adsorption caused by heating and cooling through 
@ given range is approximately the sum of the values observed if 
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t, — ty. 
the heating and cooling are carried out in successive small stages 
in place of in one step. The degree of experimental agreement 
between the sum of the four smaller values of 6 observed if an 
activation range of — 190° to 250° is covered in four successive 
steps and the larger value obtained by a one-step temperature 
change within the same limits is shown in Table IT. 

In some series, however, there seemed to be a small but persistent 
tendency for the sum of the smaller activation effects to be slightly 
greater than the one-step effect. This may be either inherent in the 
process or due to the accumulation of small observation errors in the 
measurement of the successive small adsorption increments. 

With platinum, results similar to those observed with nickel were 
obtained; but, with the specimen of metal employed, which had a 
relatively high adsorptive power and had not been exposed to 4 
temperature above 100°, there was evidence, even at this temper- 
ature, of slow but appreciable sintering, small quantities of adsorbed 
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TasxeE II. 
Temperature step. 

Ps vd Value of b (c.c.). 
— 190° —79° 2-97 
— 79 0 1-70 
0 100 0-60 
100 250 0-61 
Total 5-88 
— 190 250 (one stage) 5-82 


gas being evolved, at an approximately constant rate, if the platinum, 
after previous saturation with hydrogen at 100°, was maintained 
in contact with the gas without change of temperature or pressure. 
By virtue of this sintering, the adsorptive power fell slightly with 
each heating to 100° and, consequently, with each degassing. 

After several evacuations and adsorptions at 100°, however, the 
surface became sufficiently stable to allow of the investigation of the 
thermal activation effect in a similar way to that used for nickel. 
The results contained in Table III represent, as before, the adsorption 
obtained at ¢,, by raising and lowering the temperature through a 
range, t, —t,, in contact with hydrogen. The weight of platinum 
taken was 7-05 g. 

Tasce III. 
Adsorption at ¢,, after heating to t, and 


Normal re-cooling to ¢;. 
adsorption = 
Series. t,. at t,, ¢.c. —79°. 0°. 25°. 50°. 
1 — 190° 13-60 16-60 _— _ 16-92 
2 — 190 13-19 14-61 15-34 — —_— 
2 — 79 10-77 a 11-87 — 12-18 
2 0 11-02 —_ — 11-38 11-45 


Owing to the gradual sintering of the platinum surface at 100°, 
the heating and cooling could not in this instance be extended to 
the neighbourhood of this temperature; and in the above table 
only the results from — 190° to 50° have been inserted. These 
show clearly a general activation effect analogous to that observed 
with nickel, the additional adsorption, 6, varying with the position 
of ¢t, and with the value of ¢, — ¢, just as for nickel. 

From the standpoint of a better understanding of the energetics 
of the process—which may be regarded either as the effect of a 
temperature change on a two- or more-component adsorption, the 
components of which are distinct adsorption types associated, 
respectively, with higher and lower activation energies (Taylor, 
J. Amer. Chem. Soc., 1931, 53, 578), or as being due to an adsorption, 
which is not necessarily composite, on an energetically hetero- 
geneous surface—it was considered of interest to compare the extent 
of the possible desorption at various temperatures of hydrogen 
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bound as the result of thermal activation with that of hydrogen 
adsorbed in the normal way. The volume of hydrogen which is 
retained by the metal when the superincumbent hydrogen pressure 
is reduced to a constant low value, e.g., to 10° mm., is, for a given 
specimen of metal at a given temperature, approximately constant, 
in that, at any temperature, a certain volume of gas, which is re- 
producible within the limit of experimental error, can be quickly 
pumped off as the pressure is reduced to that given, and that further 
evacuation at the same temperature, even if prolonged, gives only 
a negligible further quantity. 

The effect of degassing, at various temperatures, 7 g. of nickel, 
which had previously been allowed to adsorb hydrogen in the 
normal way at — 190° and, in the second series, had been subse- 
quently also heated to 250° and re-cooled to — 190° in contact with 
the gas, is seen from the figures collected in Table IV. In addition 
to the total volumes of gas desorbed at the temperature stated, the 
volume increments obtained by raising the temperature from the next 
lower stage, at a constant pressure of 10° mm., are also given. The 
increments given in this way for 250° are for a temperature change 
from 100° to 250°, since the figure for 150° for the normal adsorption 
was not measured. 





TaBLeE IV. 
C.c. of hydrogen desorbed. 
Normal adsorption Thermally activated 
at —190°. adsorption at —190°. 
Temperature of 
degassing. Total. Increment. — Total. Increment. 

— 190° 1-10 — 1-30 — 

— 79 1-27 0-17 2-29 0-99 

0 1-33 0-06 3-30 1-01 

100 1-42 0-09 5°35 2-05 

150 _ — 6-30 — 

250 2-98 1-56 7°88 2-53 

C.c. of H, previcusly 
adsorbed —.......0000« 2-78 7-98 


It will be seen that, in each case, the total volume of gas previously 
adsorbed at — 190° is recovered at the degassing temperature 
(250°). There are, however, considerable differences—even having 
regard to the larger volume involved in the second mode of adsorp- 
tion—in the relative degree of release of gas at a given temperature 
for hydrogen bound in the one or in the other way. For instance, 
while the volumes desorbed at — 190° are approximately equal 
for both methods of adsorption and the increments evolved between 
100° and 250° do not differ by more than about 50%, the volume 
of gas which can be recovered at intermediate temperatures—e.g., 
between 0° and 100°—is many times greater for the abnormal than 
for the normal adsorption. 
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Perhaps the most suggestive result of the desorption measure- 
ments was the observation that hydrogen adsorbed as the result 
of thermal activation cannot be desorbed without raising the 
temperature. Accordingly, the reversible part of the adsorption, 
viz., the volume of hydrogen which can be pumped off at the 
adsorption temperature, is unchanged by additional adsorption 
induced by thermal activation. The constancy, within the limits 
of observation, of the desorbable portion at a given temperature, 
for various ranges of thermal] activation, is illustrated in Table V. 


TABLE V. 
Total adsorption, C.c. of hydrogen C.c. of hydrogen 

be te c.c. desorbable at t,. not desorbed. 
— 80° —80° 3°85 1-10 2-75 
—80 0 6-08 1-03 5-05 
—80 100 6°75 1-05 5-70 
—8s0 250 7-29 0-83 6-46 
0 0 5°18 1-28 3-90 
0 100 5-96 1-26 4-70 
0 250 6-46 1-00 5-46 
100 100 5-00 2-25 2-75 
100 250 5-60 2-39 3-21 


This result suggests that the binding of hydrogen during thermal 
activation takes place on adsorbing elements other than those 
which are able to adsorb—or to desorb, if the gas pressure on the 
adsorption complex is reduced to a sufficiently low value—at the 
normal adsorption temperature ¢,, and apparently supports the 
conception of an adsorbing surface made up of elements differing 
from one another in energy, these elements becoming active for 
adsorption or desorption at temperatures dependent on their 
individual energy content. 

It appears possible, indeed, to explain the thermal activation 
effect and certain other aspects of adsorption without the necessity 
for assuming the existence of distinct adsorption types, although 
in certain cases two types of adsorption may exist (Taylor and 
Williamson, J. Amer. Chem. Soc., 1931, 53, 2168). If the adsorbing 
surface be energetically heterogeneous, in the sense that the energy 
of the individual adsorbing elements is not identical but varies 
continuously or discontinuously from a lower to a higher value 
according to the position or mode of formation of the element, a 
varying critical increment, dependent for its value on the original 
energy of the adsorbing element, is required to bring this either to 
the lower limit, Z,, necessary for adsorption or to a higher critical 
value, H,, needed for initiating desorption, then the adsorption of 
an impinging hydrogen molecule by a given element will depend on 
the possession of an energy sum between L, and £,. 

At any temperature, therefore, only those elements the original 
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energies of which lie within a certain range should adsorb immediately 
and further adsorption will depend on the acquisition of the necessary 
critical increment. Moreover, the greater the critical increment 
required by an individual adsorbing element the less will be the 
probability of its acquisition within a given time. 

The general effect of a rise in temperature, both on a bare surface 
element and on an already formed adsorption complex, will be 
to raise its energy. Thus, according to the energy value of the 
particular element, a temperature rise may cause a passage over the 
critical value Ey, 1.e., it may cause desorption from an adsorption 
complex stable at a lower temperature, or the temperature rise 
may cause surface elements of energy below HL, to become potentially 
adsorptive. At gas pressures maintained continuously at a low 
value, the hydrogen molecules necessary for the second efiect 
(adsorption) are relatively absent; and a rise in temperature should, 
as is found, cause mainly the first effect, viz., a progressively greater 
effect of desorption as the temperature is raised. Indeed, this 
progressive desorption, at each temperature step, of a definite 
and limited volume of gas which is controlled, above all, by the 
temperature and only toa subsidiary degree by the time of the evacu- 
ation, may, from this standpoint, be viewed asa necessary consequence 
of the progressive passage of the individual metal—-hydrogen com- 
plexes, in the order of their energies, over the critical value, #,, in 
the course of the general increase in the energy of the surface as a 
whole caused by the temperature rise. 

If the gas in contact with the metal is at a relatively high pressure, 
arise in temperature will operate in both of the above ways, the differ- 
ence in the two effects representing the normal change in adsorptive 
power with temperature ; but a subsequent fall in temperature should 
allow the adsorption complexes of energies between H, and FL, to 
retain their hydrogen even if some of these fall below Z,, and at the 
same time should bring those adsorbing elements of energies slightly 
above FE, to values below this, thus rendering them able to adsorb 
and causing an increase in the total adsorption, This, apparently, 
is the thermal activation effect of heating and subsequent cooling. 

It should be noted, finally, that an energy distribution among 
the individual adsorbing elements, such that the fractional number 
of elements associated with a given original energy decreases as the 
value of this individual energy content increases, would give, 
qualitatively at any rate, a variation of the quantity, b, with 
adsorption temperature and with the activation range, t, —¢, of 
the nature found experimentally. 


UNIVERSITY OF BRISTOL. [Received, March 30th, 1932.] 
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207. The System Nitrobenzene-Sulphuric Acid—Water. 
By Currron WiL.iaM GIBBY. 


Tue ternary system nitrobenzene-sulphuric acid—water, which has 
been investigated at 0°, 22°, and 34°, presents some unusual features, 
although partial miscibility occurs only with one pair of the 
components, nitrobenzene and water, the mutual solubilities of 
which are very small. 

The binary system sulphuric acid—water has been investigated 
by numerous workers, and the data relevant to the present research 
have been taken from the “ International Critical Tables.’’ The 
binary system nitrobenzene-sulphuric acid has recently been 
studied by Masson (J., 1931, 3200), who has confirmed the conclusions 
of Cherbuliez (Helv. Chim. Acta, 1923, 6, 281) concerning the 
formation of an equimolecular compound, and has determined the 
complete f. p. curve of the system. 


EXPERIMENTAL. 


The Binodal Curve.—Concentrated ‘‘ pure sulphuric acid ’’ (97%) 
and oleum were tested for all usual impurities, which were found 
to be absent. Nitrobenzene, thoroughly dried with calcium 
chloride and distilled, boiled at 208—209°, froze at 5-60° (corr.), 
and was of a very pale yellow colour. Further drying was not 
necessary in this investigation, as the quantity of water present 
would be very small in comparison with that to be added later. 
The concentrations of sulphuric acid and oleum were determined 
by diluting weighed quantities to a known volume with water 
and titration with standard alkali. The stock of sulphuric acid 
was stored in stoppered bottles with ground caps, and each batch 
was standardised immediately before use. 

The solubility of nitrobenzene in mixtures of sulphuric acid and 
water of various compositions was determined by slowly adding 
nitrobenzene to aqueous acid, or water to mixtures of sulphuric 
acid and nitrobenzene, according to the composition, until a 
permanent turbidity was observed. Determinations were carried 
out in melting ice and at 22° and 34° in a thermostat. 

The tie-lines were determined by mixing suitable known weights 
of the three components in a separating funnel, and allowing the 
two layers to reach equilibrium in a thermostat at 22°. The acid 
content of each layer was then determined. It will be seen from 
the shape of the binodal curve that the determination of the acid 
content of each layer and a knowledge of the total composition of 
the mixture suffice to fix the positions of the tie-lines. 

Solid Phases.—Three solid phases which can occur in this system 
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at 0° are the compound C,H,*NO,,H,SO,, the hydrate H,SO,,H,O, 
and anhydrous sulphuric acid. The compositions of solutions 
in equilibrium with the first two at 0° have been determined. 
Ternary mixtures of appropriate compositions were made up by 
weight in a boiling-tube and cooled to 0°. Crystallisation was 
initiated by dropping in small pieces of solid carbon dioxide, and 
the mixture was kept in melting ice in a vacuum flask and was 
stirred at frequent intervals until equilibrium was reached, usually 
for about 2 days. As much as possible of the solution was sucked 
off through a small glass-wool filter, and its acid content determined. 
This, in conjunction with a knowledge of the composition of the 
original mixture and of the solid phase, was sufficient to establish 
the composition of the solution without ambiguity. The positions 
of the intercepts of the solubility curves on the sides of the triangular 
diagram were taken from the published data (locc. cit.). The region 
in the diagram representing liquids in contact with anhydrous 
sulphuric acid is very small, and on that account has not been 
investigated, but its probable form is indicated by a broken line. 
For the same reason the solubility curve of the compound of nitro- 
benzene and sulphuric acid has not been followed to its end in the 
direction of high proportions of nitrobenzene. 


Results. 


The figures tabulated below (weights %) are represented graphic- 
ally on a triangular diagram. 


Binodal curves. 











22°. 0°. 
H.SO,  C,H,:NO,. H,0. H,SO, C,H,NO,.  4H,0. 
64-0 27-3 8-7 68-4 21-4 10-2 
79:1 4-0 16-9 69-8 19-5 9-7 
79-0 2-0 19-0 64-3 26-9 8-8 
63-7 27-7 8-6 60-5 32-2 6-3 
61-6 38-4 0-0 715-5 12-7 11-8 
72-4 15-5 12-1 42-5 53-3 4-2 
74:2 12-8 13-0 26-6 71-0 2-4 
76-1 10-2 13-7 57-2 35-9 6-9 
77-8 7-7 14-5 57-6 0-9 41-5 
78-5 5-7 15-8 76-4 1-2 22-4 
79-0 4-5 16-5 80-0 5-0 15-0 
79-5 4:3 16-2 
77-9 2-5 19-6 34° 
58-6 34/1 7:3 n 
62-3 29-4 8-3 74-9 0-5 24-6 
30°1 66-8 31 79-4 4-6 16-0 
13-3 86-7 0-0 72-4 16-1 11-5 
76-8 1-9 21-3 64-3 27-2 8-5 
49-2 0-0 50-8 54-4 39-7 5-9 
77-9 2-0 20-1 
78-3 6-4 15-3 
74:2 13-5 12:3 





———— eee 
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Tie lines, 
Total composition. 





Acid in aqueous’ Acid in nitro- 


H,SO, C,H,°NO,. H,0. layer. benzene layer. 
66-3 16-7 17-0 78:1 0-0 
33-4 32-4 34-2 49-4, 49-6 0-0 
48-5 26-2 25-3 64-2, 64-6 0-0 
54-1 25-7 20-2 71-8, 71-8 0-0 


Solutions in equilibrium with H,S0,,H,O. 
Total composition. 





Acid, %. H,SO, C,H,NO,. H,0. 
79:7 83-1 1-9 15-0 
86-2 85-0 0-9 14:1 
83-9 84-1 3-2 12:7 
Solutions in equilibrium with C,H,"NO,,H,SO,. 
66-6 58-5 40-6 0-9 
59-7 55-2 43-6 1-2 
34-9 38-9 60-5 0-6 
44-2 44-6 54-8 0:6 





OI —e_ 





—j— 
C,H,-NO, C,H,-NO,,H,SO, H,SO, 


On binodal curve : points at 0°, ©; at 22°, @; at 34°, x. 


The temperature coefficient of solubility of nitrobenzene in 
aqueous sulphuric acid is small, as shown by the fact that the same 
curve can be drawn through the points on the graph, within the 
limits of experimental error, at all three temperatures. From the 
flatness of thesolubility curve of the solid compound C,H,*NO,,H,SO, 
at 0° and from its m. p., 11-6° (Masson, loc. cit.), it follows that the 
slope of the solubility surface must be steep. These two facts are 
in agreement with Masson’s observation that the heat of solution 
of the compound in water is small. 

The unusual position of the tie-lines indicates that the compound 
is soluble in aqueous sulphuric acid but not in nitrobenzene, which is 
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consistent with its salt-like properties. Inno case was any titratable 
quantity of acid found in the layer rich in nitrobenzene. The 
composition of this layer must therefore lie on the side of the triangle 
representing H,SO, = 0% as well as on the binodal curve. For 
this reason the tie-lines have all been drawn through that corner 
of the diagram and as nearly as possible through the other two 


points, 
The author’s thanks are due to Professor Irvine Masson for 
his interest in this investigation. 


University ScrIENCcE LABORATORIES, 
DvuRHAM. [Received, March 30th, 1932.] 





208. The Alkaloids of Ergot. Part IV. A Complex 
Group common to Ergotoxine and Ergotamine. 


By SypDNEY SmitH and GEOFFREY MILLWARD TIMMIS. 


Very little is known of the relationship between ergotoxine, the 
specific alkaloid of ergot of rye, and ergotamine, an alkaloid possess- 
ing the same pharmacological action, found in certain grass ergots. 
The identity of pharmacological action, the similarity of the absorp- 
tion spectra, and the general chemical properties of the two alkaloids 
suggest that the relationship is probably very close. Evidence 
based upon the formation of complex degradation products has 
hitherto been lacking, but it has now been found that both alkaloids 
when treated with alcoholic potassium hydroxide undergo degrada- 
tion to the same crystalline base, ergine. This base, which was first 
prepared from ergotoxine and ergotinine (Part III; this vol., p. 
763), has the formula C,,H,,ON, and constitutes approximately 
half the parent molecule. Both alkaloids must therefore be similar 
in respect of this portion of the molecule and the differences which 
exist between them are to be sought for in the remaining moiety. 
Ergotaminine, the isomeride of ergotamine, also gives ergine when 
treated in the same way and the yield of the base is the same in each 
instance. Evolution of ammonia during the course of the reaction 
also occurs with all four alkaloids. 


EXPERIMENTAL. 


Ergotamine or ergotaminine (5 g.) was treated with N-methyl- 
alcoholic potassium hydroxide as previously described (loc. cit.). 
The yield of ergine, crystallised from methyl alcohol, was the same 
as that from ergotoxine and ergotinine, viz., 0-5 g. The gaseous 
product of the reaction was absorbed in hydrochloric acid and con- 
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verted into the chloroplatinate in each case [Found : Pt, 43-9, 44-0. 
Calc. for (NH,),PtCl, : Pt, 43-99%]. The crystallised base from each 
alkaloid frothed at about 135° and decomposed with blackening and 
evolution of gas at about 230° in the same way as ergine, and when 
mixed with the latter the mixture behaved similarly on heating. 
The base was recrystallised from dilute acetone and the identity 
with ergine was confirmed by determination of the specific optical 
rotation and by analysis. Ergine from ergotamine had [a]%, 
+ 511°; [«]%; yetiow + 430° (cin acetone, 1-29), the previously recorded 
values being + 514° and + 432° respectively (Found: C, 72-0; 
H, 6-7; N, 15:3. Cale. for C,,H,,ON,:C, 72-0; H, 7-5; N, 14:8; 
NMe, 10-2%). Ergine from ergotaminine had [a]%, + 513°; 
[«]ife yettow + 431° (c in acetone, 1:17) (Found: C, 71-9; H, 6-9; 
N, 15-1; OMe, nil; NMe, 10-0%). 


Our thanks are due to Mr. A. Bennett and Mr. H. C. Clarke for the 
analyses. 


WELLCOME CHEMICAL WORKS, 
DARTFORD. [Received, April 14th, 1932.] 





209. Thermionic Emission during the Catalytic Com- 
bination of Carbonic Oxide—Oxygen Mixtures on a 
Platinum Surface. 

By BERNARD WILLIAM BRADFORD. 


TuE relation of the various electrical phenomena which frequently 
accompany chemical reactions to the mechanism of such reactions 
has been the subject of speculation and experiment since the time 
of Davy. The majority of recent investigations in this field have 
been directed to a study of negative emission from heated catalysts ; 
the occurrence of positive and negative ionisation during homo- 
geneous and heterogeneous reactions has, however, also received 
some attention. Bibliographies of the published work on the subject 
have been given by Richardson (‘‘ The Emission of Electricity from 
Hot Bodies,” 2nd ed., 1921), Rideal (Ann. Reports, 1928), Dhar 
(Trans. Faraday Soc., 1928) and Dushman (‘‘ Reviews of Modern 
Physics,’’ 1930, 2). 

It is well established that the emission of positive ions from metallic 
wires is increased by the presence of a number of gases, independently 
of any heterogeneous reactions which may occur thereon. The 
nature of the ions was investigated by Richardson (op. cit., p. 241) 
and Thomson (Proc. Camb. Phil. Soc., 1908, 15, 64), and it was 
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proved that the emission current is carried by charged atoms or 
molecules of the gases concerned. Early investigations (see 
Richardson, op. cit.) showed that in many cases, surface oxidation 
of a number of metals by oxygen or subsequent reduction by hydrogen 
brought about a further increase in such emission. More recently, 
Brewer (J. Physical Chem., 1928, 32, 1008) has found that the emission 
of both positive and negative charges is a specific property of a 
number of different types of heterogeneous gaseous reaction, and 
that such ionisation originates at the catalyst surface, upon the 
nature of which its magnitude depends. It has also been shown 
in these laboratories by Finch and Stimson (Proc. Roy. Soc., 1927, 
116, 379; 1928, 120, 235; 1929, 124, 356) that many metals, 
including platinum, acquire characteristic potentials when heated 
in atmospheres of various gases: the possible significance of this 
phenomenon in the process of heterogeneous catalysis has been 
pointed out by those authors. 

Preliminary experiments having indicated that the catalytic 
combination of a gaseous mixture of the composition 2CO + O, 
on nickel, gold, platinum, and other surfaces was, in every case, 
accompanied by the emission of positive ions, the following investig- 
ation was undertaken with the object of determining the relation- 
ship, if any, between the rate of gaseous combination upon, and the 
thermionic emission from, platinum. 


EXPERIMENTAL. 


Apparatus.—The combustion vessel resembled a diode valve and 
consisted essentially of a filament of platinum wire, 6 cm. long by 
0-012 cm. in diameter, stretched along the axis of a well-insulated 
cylindrical nickel electrode (1-5 cm. in diameter) supported in a glass 
vessel. The latter formed part of a circulatory gas system which 
also included a manometer, a circulating pump, and an absorption 
tube partially filled with caustic potash solution. 

The filament formed one arm of a high-current-carrying Wheat- 
stone bridge, by which its resistance and hence its temperature 
could be determined. Current was supplied to the bridge from an 
accumulator battery through a graded rheostat permitting of close 
control. Filament temperatures were calculated from the well- 
known relationship, R, = R,(1 + at + bt*), and the end-corrections, 
as derived by Langmuir (Trans. Faraday Soc., 1922, 17, 634), 
were applied in order to determine the true temperature of the central 
part of the filament. The filament and bridge circuit was completely 
insulated from earth, and could be raised to any desired potential 
up to + 400 volts by means of a battery. 

In order to measure the ionisation currents flowing to the insulated 
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electrode, the latter was connected to the needle of a Lindemann 
electrometer. Emission currents of less than 10% amp. were 
measured by direct electrometer deflexion, suitable known capacities 
being added to the electrical system. Higher currents were deter- 
mined by the null method devised by Townsend (Phil. Mag., 1903, 
6, 598) and modified by Campbell (ibid., 1912, 23, 668), the drop in 
potential caused by the passage of the ionisation current through 
an alcohol—xylene resistance of approximately 10! ohms being 
balanced by means of a potentiometer. 

Preparation of Gases.—Oxygen and carbonic oxide were prepared 
in the manner previously outlined (Proc. Roy. Soc., 1929, A, 124, 
306), and were mixed in equivalent combining proportions, the 
purity of the gases and the composition of the mixture being checked 
by analysis in a Bone-Newitt apparatus. 

Experimental Procedure and Results —Throughout all experi- 
ments, the observations of catalytic activity and thermionic emission 
were made simultaneously. For the sake of clarity in what follows, 
the observed catalytic phenomena will be first described ; the facts 
established with regard to the thermionic emission and its relation 
to the heterogeneous reaction follow in a later section. 

So far as the author is aware, the catalytic combustion of moist 
mixtures of the composition 2CO + 0, on any metallic or non- 
metallic surface hitherto examined has proved to be of a normal 
unimolecular type (compare Bone and Andrew, Proc. Roy. Soc., 
1925, A, 109, 539; Bone, ibid., 1926, 112, 474). In the present 
experiments with a platinum catalyst, however, it soon became 
evident that the heterogeneous reaction was self-retarding to a 
high degree. The catalytic activity usually proved so short-lived 
that extended kinetic observations were only possible in a few 
cases. 

A number of different specimens of platinum wire were employed 
during the investigation: all of these behaved similarly, and the 
following results were obtained with a typical specimen. The 
procedure adopted throughout the experiments was as follows. 
After some definite preliminary treatment of the wire (such as 
evacuation or heating), the gaseous mixture was admitted to a 
pressure of 100 mm., the circulating pump was set in operation, 
and the temperature of the filament slowly raised by suitable 
increments, the manometer reading being closely observed through- 
out. At the first indication of catalytic activity, the filament 
temperature was maintained constant, and the course of the ensuing 
reaction followed. 

When experiments were commenced with a new filament, the rate 
of reaction obeyed the normal unimolecular law, as is shown by the 
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following results (the curve log p in Fig. 1 shows the linear relation- 
ship between log p and ¢ for a similar combustion) : 


Filament temperature, 600°. 





WN MNES dccctsecceeonceres 0 1 2 5 10 13 
Pressure, MM. .....ssccessees 139 124 112 79 39 27 
Unimolecular constant, k, 0-050 0-044 0-050 0-061 0-053 
Fie. 1. 
i 
125 
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This type of pressure fall persisted for approximately two weeks 
of continuous use, during which several experiments were carried 
out each day. With no preliminary indication, however, a com- 
bustion then occurred in which the gaseous pressure fell asympto- 
tically to a value considerably above zero, in the manner indicated 
by the following : 
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Filament temperature, 410°. 


Time, mins. ......... 0 a 9 14 17 #29 49 65 79 100 
Press.,Mm.. ......... 80 78 765 755 73 72 7!i 70-5 70 70 


The rate of reaction decreased more rapidly than that corresponding 
to the unimolecular law, and combustion eventually ceased, and the 
pressure remained constant at 70 mm. for $ hour. No subsequent 


Fig. 2. 
[Left-hand ordinates represent pressure (in mm.), and for right-hand ordinates 
the unit is amps. x 10-3, Abscissee represent time (in mins.).] 
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treatment to which the wire was subjected restored the original 
unretarded type of pressure fall, although periods of rapidly diminish- 
ing catalytic activity could be induced by means which are described 
later. It thus becameclear that, inits final stable condition, the heated 
platinum surface in contact with the gaseous mixture 2CO + O, 
was catalytically inactive, and therefore, in order that combustion 
should occur at all, it was necessary to bring the wire initially to an 
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unstable active condition. The nature of the factors which affected 
this initial activity, and the kinetics of the reversion to the stable 
state of inactivity are described below. 

A measure of the initial activity of the surface was obtained by 
noting the lowest filament temperature at which the gaseous 
pressure first diminished perceptibly in a given experiment. With 
the few exceptions described in a later section, the rate of reaction 


Fie. 3. 
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usually fell so rapidly that the pressure became sensibly constant 
after several seconds. In general, the activity of the surface 
when poisoned in this way was restored by raising its temperature 
to some higher value, at which poisoning again rapidly ensued. 
Periods of catalytic activity and inactivity succeeded one another 
as the temperature was increased in stages, until finally, at between 
610° and 620°, incandescent surface combustion set in, usually 
terminating in ignition. 

The initial activity of the surface, when first heated from room 
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temperature, was found to be affected by the following factors : 
(1) Previous reduction of the gaseous pressure for several hours to 
5 mm. or less with the wire at room temperature resulted in a low 
initial activity. (2) Previous exposure of the cold wire for a 
similar period of time to the gaseous mixture at a pressure of about 


Fig, 4. 
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150 mm. resulted in increased initial activity. These two effects 
are illustrated by the following results : 


Preliminary treat- | Temperatures at which first perceptible reaction 


ment of the cold wire. occurred. 
Evacuation ............ 565° 570° 480° 565° 560° 460° 520° 565° 
Exposure to 2CO + O, 

at. 150 mim... i.ccceseee 225 485 310 310 330 560 450 460 


(3) The effect of heating the filament to 700° or above immediately 
before testing considerably increased the initial catalytic activity : 
it was immaterial whether the wire was heated in a vacuum or in 
an atmosphere of carbon dioxide. (4) Previous heating and 
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cooling in oxygen at 150 mm. increased, and in carbon monoxide 
decreased, the initial activity of the surface. 


Kinetics of the Combustion. 


In a number of instances, the catalytic activity of the platinum 
persisted for periods of time, varying from 5 mins. to 2 hours, 
sufficient for a number of simultaneous, pressure and time observ- 


Fig. 5. 
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ations to be made. Pressure-time and Jog pressure-time curves 
typical of the results obtained are shown in Figs. 2, 3, 4, and 5. 
The exact mathematical forms of these curves are considered later ; 
as a preliminary step, in order to compare the chief characteristics 
of the experimental observations, parabolic functions were roughly 
fitted to the rapidly falling portions of the pressure—time curves. 
If the relation of the pressure, p, and the time, ¢, is given by 
p = at? + bt-+ ¢, then the values of (1/p).dp/dt and the differential 
of this with regard to ¢ may be taken as representing the rate of 
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reaction and the rate of poisoning respectively at any time. Hence, 
the ratio of the initial rate of poisoning to the initial rate of reaction 
is given by 2a/b. 

In the following table, the results of a number of reactions are 
arranged in order of increasing initial activity : 


Initial Period of per- 

Expt. press., ceptible com- 

No. Temp. mm. b x 10%. 2a x 105. 200a/b. bustion, mins. 
9 315° 114 273 73 2-7 70 
6 565 130 350 106 2-9 50 
] 315 80 400 80 2-0 80 
5 515 108 444 89 2-0 70 
11 315 53 600 222 3°7 40 
8 400 88 630 860 13-6 8 
12 315 94 717 300 4-2 30 
4 515 100 900 200 2-2 30 
2 315 74 958 634 6-6 20 
3 595 72 1,160 324 2°8 35 
10 480 63 1,400 400 2-8 35 
13 315 79 2,275 4,060 17:7 7 
7 580 68 6,166 6,166 10-0 10 
14 595 68 12,126 16,880 13-9 7 


(The numbers used to distinguish experiments in the above indicate chrono- 
logical sequence.) 

It is clear from the above results that the initial rates of reaction 
did not vary systematically with the age of the wire, or with the 
initial pressure of the gaseous mixture; it is furthermore evident 
that the temperature of the wire was not the controlling factor in 
determining the magnitude of the initial rate of reaction. In the 
majority of the combustions, particularly those in which the 
catalytic activity was low, the initial rate of poisoning was roughly 
proportional to the initial rate of reaction, as is shown by the 
approximate constancy of 2a/b. When the catalyst was in a more 
highly active condition, however, the rate of poisoning was relatively 
greater. 

If it be assumed that this proportionality applied not only to the 
initial stages of all the combustions, but also operated throughout 
the duration of each, then the relation of pressure and time should 
be given by dp/dt = k. d*p/dt?, where k is a constant for a given 
combustion. On applying the condition that when ¢ is infinitely 
great, p is equal to the final constant pressure, p,, one obtains the 
solution 

Pp, = Ae* + py 
i.€., log (pp, - ps) = log A — t 


where A is a constant equal to log (p» - p,). 

Typical graphs of log (p,-p;) against ¢ are shown plotted in 
Figs. 6 and 7. The majority of the combustions give good linear 
relationships. In two cases (Expts. Nos. 10 and 14) the plotted 
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points deviate markedly from a straight line; examination of the 
log p-t curves for these two experiments shows that they were 
exceptional in that retardation did not occur uniformly throughout 
the reaction, but set in only towards the end. 
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Summary and Discussion. 


It has been shown in the foregoing that the rate of combination 
of the moist mixture 2CO + O, on a new platinum surface corres- 
ponded to the unimolecular type of reaction, but that after a short 
period of time the course of the reaction changed, and became 
strongly self-retarding. The effects of the auto-poisoning were so 
marked that temperature had little or no influence on the rate of 
heterogeneous reaction. In the majority of combustions, the rate 
of poisoning followed a general and simple exponential law, 
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being directly proportional to the rate of reaction, and furthermore 
the ratio of the two rates. was approximately constant. for many, 
and of the same order for all, of the experiments. The physical 
significance of this generalisation is not, however, clear: it may 
readily be shown that the exponential type of retardation may 
result either from selective adsorption in an inactive form of any 
species present in the gaseous phase, or alternatively, that it is due 
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to changes in the superficial condition of the catalyst occasioned 
by, and proportional to, the heterogeneous reaction. 

Faraday (‘‘ Experimental Researches,” 1849, 1, 165) first proved 
that carbonic oxide poisons the surface of platinum for the combustion 
of electrolytic gas. More recent experiments by Langmuir (T'rans. 
Faraday Soc., 1921—22, 17, 634), conducted at gas pressures less 
than 0-1 mm., led to the conclusion that carbonic oxide forms an 
inactive layer on the surface of platinum, the production of carbon 
dioxide occurring only on patches of the metallic surface left bare by 
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evaporation. Consideration of Langmuir’s results indicates that 
at the pressures and temperatures of the present experiments, 
the inactive carbonic oxide film would almost completely cover the 
surface of the metal, and the rate of reaction should be scarcely 
appreciable. Although this conclusion agrees with the fact, brought 
to light in the course of the experiments outlined above, that the 
stable condition of a hot platinum surface in the mixture 2CO +- O, 
is catalytically inactive, yet the occurrence of rapid reaction in 
many cases, and the prolonged periods of time frequently required 
for reversion to inactivity, show that the mechanism of combustion 
in the conditions of the present experiments: differed in. several 
important respects from that at the low pressures of Langmuir’s 
investigation. The occurrence of an initial period of normal 
unimolecular reaction and the effects of preliminary evacuation 
and heat treatment of the catalyst point, furthermore, to the con- 
clusion that deeply occluded, as distinct from superficially adsorbed, 
gases play an important part in determining the activity, an 
observation which may be compared with similar cases investigated 
by Bone (Phil. Trans., 1906, A, 206, 1; Proc. Roy. Soc., 1925, A, 
109, 459). 

Although, as Hinshelwood and Pritchard (J., 1925, 127, 806) 
have shown, the possibility of retardation of the reaction by carbon 
dioxide cannot be excluded from consideration, it was frequently 
found during the present experiments that the accumulation of the 
products of combustion in the vicinity of the wire did not result 
in an exceptionally high rate of poisoning. 


Thermionic Emission from the Platinum Wire. 


It is well known that most metals exhibit a relatively high. but 
rapidly decaying rate of positive emission when heated for the first 
time in a vacuum or in a gaseous atmosphere (see Richardson, 
op. cit., p. 226). To eliminate this effect as far as possible, the wires 
used in the present experiments were heated in carbonic oxide or 
oxygen to 600°, and the behaviour of the emission was followed, 
for several days before observations in the combustible mixture 
2CO + O, were commenced. Throughout the whole period of the 
experiments with a given wire, moreover, the emission currents in 
carbonic oxide and oxygen separately were frequently measured, in 
order to follow changes in the emissivity of the wire. 

It was found that the thermionic emissivities of the platinum 
filaments passed through complex changes during the period of 
their use as catalysts. In general, the emission current from a 
new wire was relatively high, but decayed rapidly to a minimum 
during the progress of the experiments, and finally rose again to a 





ST SE A a ta RA 





1556 BRADFORD : THERMIONIC EMISSION 


steady value. Tests for emission of negative sign were made on 
many occasions, but no such emission was found to occur at temper- 
atures below 750°. The positive ionisation currents measured 
during the experiments were therefore unaffected by losses due to 
recombination. 

Emission in Carbonic Oxide and Oxygen Individually—The 
emission currents from new wires were high, but diminished rapidly 
at constant temperature. The emission was partially restored by 
allowing the wire to remain at room temperature for 2 or 3 hours, 
but a general decay continued for several weeks. When a condition 
had been reached in which further decay was imperceptible during 
periods of 10—15 minutes, the observations on catalytic activity 
were begun. 

The following table shows the variation of the emission current in 
oxygen at a pressure of 150 mm. at different stages in the history 
of the wire : 


Time from beginning Emission ag 5 < 10718) at 
5 600°. 


of experiments. A Bx 10“. 
3 days 40 — 3-0 x 1074 2-6 
6 weeks 0-6 3°8 5-0 x 1074 3-1 
=z 3°8 50-0 72 x 10% 1-73 
2a! ,, 4-0 53-0 0-69 x 1018 1-53 


The magnitudes of the emission currents in an atmosphere of carbonic 
oxide in similar conditions were practically identical with those in 
oxygen; the following are the values in the former gas at a pressure 
of 150 mm. : 


12 weeks 4°8 49-0 1-6 x 10'8 1-59 


It was found that the variation of positive emission with temper- 
ature between 250° and 650° was accurately represented by 
Richardson’s well-known function, AT‘*e-2/7. Values of the 
numerical constants are tabulated above. The value, 1-53 x 104, 
of the exponential coefficient for the fully normalised wire in oxygen 
compares with that obtained by Richardson (op. cit., p. 231), viz., 
1-52 x 104. 

The emission currents tabulated above were measured with a 
P.D. of 200 volts between filament and plate. The currents 
approached a condition of saturation with this voltage, but it was 
not possible to obtain complete saturation, except at gaseous 
pressures lower than 5 mm., with a P.D. less than that at which 
ionisation by collision occurred. 

It would appear that the decrease of emissivity during the initial 
period of 8 weeks is attributable to the decay of the random positive 
emission from the new wire, and that the subsequent growth and 
final constancy of emission resulted from the slow establishment of 
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equilibrium between the metal and the gaseous atmosphere in which 
it was heated. In this connexion it may be recalled that, as the 
experiments of Wilson (‘‘ The Electrical Properties of Flames and 
Incandescent Solids,’’ 1912) and of Richardson (op. cit., p. 117) 
have shown, a somewhat similar change occurs in the electronic 
emission from a platinum wire when heated in hydrogen for long 
periods. The former author has attributed the change to a slow 
diffusion of the gas into, or combination with, the metal, a hypothesis 
which is applicable to the present case. 

Positive Emission during Catalytic Combustion.—As a general 
conclusion from the results for emission during catalytic combustion, 
it may bestated that when the surface was ina fully poisoned condition, 
the magnitude of the emission was identical with that in carbonic 
oxide or oxygen at the same temperature, and underwent the same 
series of changes during the history of the wire as those which have 
been previously described for the emission in the individual reacting 
gases. For the sake of brevity, this latter value will be referred to 
in the following as the “ characteristic value’’ of the emission. 
While reaction was proceeding with measurable velocity onthesurface 
of the wire, the emission was invariably higher than the characteristic 
value. Conditions were, however, frequently realised in which the 
emission was greater than the characteristic value, although no 
reaction was perceptible, No simple relation was found to exist 
between the magnitude of the emission current and the rate of cata- 
lytic reaction : the variation of the one with the other was complex, 
and the type of variation changed during the history of the wire. 
The changes which occurred may be traced in Figs. 2—5; the follow- 
ing table shows how the type of variation altered with the gradual 
changes in the characteristic emission from the wire : 


Time from Type of No. of Fig. showing 
beginning of catalytic Characteristic emission during 
experiments. reaction. emission. reaction. 

1 week Unimolecular Rapidly decaying 1 
1—6 weeks Self-retarding Slowly decaying 2 
Figs ia Minimum 2 
G35 - Slowly rising Transition from 2 


8—ll ? >? 


” through 3 and 4 to 5 
12—20 _ ,, ‘s Constant 5 


The variation of emission during periods of catalytic activity 
was the same in the preliminary period of decaying emission as in 
the final period of constant emission. In both these periods, the 
highest emission occurred at the commencement of a period of 
activity, and fell as the rate of combustion decreased (e.g., compare 
Figs. 1, 2, and 5). In the intervening period, however, the 
emissivity during reaction changed from this normal type to that 
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shown in Fig. 3, finally reverting again tonormal. Fig. 4 illustrates 
a stage in the reversion: a complete series of such intermediate 
steps was experimentally realised. 

It has been previously suggested that the changes in the emissivity 
of the wire in carbonic oxide and oxygen are attributable to a slow 
diffusion of the gaseous components into, or combination with, the 
metal. It has also been shown that a number of considerations 
support the view that deeply occluded, as distinct from superficially 
adsorbed, gas is involved in the process of combustion. Hence 
it would appear probable that the abnormal types of emission graph 
such as Figs. 3 and 4 are characteristic of a non-homogeneous 
emitter, of which the surface-layer composition changes during the 
process of combustion. 

The following experimental record illustrates typical variations 
of emission current during alternating periods of catalytic activity 
and inactivity, the column head C.C.E. denoting the corresponding 
characteristic emission (also in amps. x 10-1) : 


Emission Emission 
obs. obs. 
Time, Press,, (amps. Time, Press., (amps. 


mins. Temp. mm. X10-!%). C.C.E. mins. Temp. mm. xX 10-). C.C.E. 


0 315° 111 3-3 0-0 56 510° 102 23 6 

5 315 109 3-3 0-0 60 510 101 23 6 
10 315 109 0-0 0-0 65 510 100-5 22-5 6 
12 400 109 6-5 0-2 70 8610 100 22-5 6 
16 400 108 6-5 0-2 85 510 99 22 6 
20 400 108 0-2 0-2 105 =510 98-5 14-5 6 
22 445 108 0:8 1 115 510 98-5 14 6 
26 445 108 0-8 1 120 510 98-5 5-8 6 
28 470 108 1-9 2 125 540 99 10 14 
33 470 108 1-9 2 130 6540 99 13 14 
35 510 108 9 6 132 570 100 53 26 
40 510 106 17-5 6 137 570 100 36 26 
45 510 104 19 6 145 570 100 28 26 
51 510 103 22-5 6 147. 600 Rapid combustion ter- 


minating in ignition. 


In the above series of observations, the normal increase of emission 
during periods of combustion may be observed at 315°, 400°, and 
510°, and in each case cessation of activity was accompanied by 
decrease of emission to the characteristic value. At 445° and 
470° neither combustion nor increased emission was perceptible, 
but at 570°, although no sensible fallin pressure occurred, the emission 
was considerably higher than the corresponding characteristic 
value for some time after the temperature had been raised, 
eventually falling, however, to the characteristic value. It was 
usually found that such a temporary increase in the emission 
unaccompanied by reaction was the precursor of catalytic activity 
at a slightly higher temperature, and in fact served as a guide in 
determining the rate at which the temperature was raised during 
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an experiment. It may therefore be regarded as indicating a state 
of incipient activity, and was possibly accompanied by heterogeneous 
reaction to an extent so small as to be imperceptible on the 
manometer. 

Summary and Discussion. 

Some caution is necessary in the interpretation of data relating 
to thermionic emission from heated metals, since, not only is the 
revival of the initial positive emission readily. brought about in a 
variety of ways, but minor variations in temperature cause large 
variations in emission. The precautions taken to ensure the 
elimination of effects due to random impurities in the metal have 
been previously described, and there is strong evidence for the 
supposition that the emission currents observed subsequent to the 
period of minimum emissivity were genuinely characteristic of the 
gaseous atmosphere surrounding the wire. The gradual transition 
of the type of variation of emission during combustion, the occurrence 
of maxima of emission in several] experiments after the rate of 
reaction had fallen considerably, and the high emission currents 
frequently observed during the periods of incipient activity, render 
it extremely improbable that the increased emission during com- 
bustion was the result of local variations in temperature along the 
wire. It may therefore be concluded that the surface of the wire 
when in a catalytically active state was also in a state of high 
thermionic emissivity. 

The relation between activity and emissivity was, however, by 
no means well defined. It was difficult to establish any wide quanti- 
tative proportionality between the rates of reaction and the corre- 
sponding emission currents, and, as has been previously noted, 
although the catalytic activity of the metal ceased to change after 
a short period of normalisation, the magnitude and behaviour of the 
thermionic emission continued to pass through complex changes 
for some time. 

The explanation of this divergence is possibly to be found in the 
consideration that while the catalytic reaction is to a great extent 
determined by gas deeply occluded in the metal, the thermionic 
emissivity is largely dependent on the condition of the superficial 
layers. The occurrence of enhanced emission unaccompanied by 
measurable combustion lends support ‘to this view. It is clear, 
however, that the condition of the metal in contact with the reacting 
gases was highly complex, and underwent slow and complicated 
changes which affected reaction and emission unequally. In the 
absence of more definite information regarding the mechanism of the 
poisoning process, and also of the gradually increasing emissivity, 
it is not possible at this stage to advance more definite hypotheses. 
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210.. The System Cupric Selenate—W ater—Selenic 
Acid at 25°. 


By GeorGs Bruce MAcaLPinE and LEONARD ALFRED SAyYCce. 


THE system cupric sulphate—water-sulphuric acid has been investi- 
gated by several workers (Bell and Tabor, J. Physical Chem., 1908, 
12,171; Foote, J. Amer. Chem. Soc., 1915, 37, 288; Cameron and 
Crockford, J. Physical Chem., 1929, 33, 709; Posnjak and Tunell, 
Amer. J. Sci., 1929, 48, 1; Crockford and Warwick, J. Physical 
Chem., 1930, 34, 1065), but the related selenium system does not 
appear to have been systematically examined. The present paper 
describes such an investigation of the 25° isotherm. By determining 
the aqueous vapour pressure of selenic acid solutions, that of the 
pentahydrate of cupric selenate has been deduced. 


EXPERIMENTAL. 


Preparation of Materials.—A modification of Dennis and Koller’s 
method (J. Amer, Chem. Soc., 1919, 41, 956) was used in the prepar- 
ation of copper selenate and selenic acid. Powdered selenium 
(50 g.) was oxidised to dioxide by fairly concentrated nitric acid, 
the excess of which was then removed by repeated evaporation to 
dryness. A filtered solution of the dioxide in 51. of water was treated 
with a slow current of chlorine whilst, at the same time, basic copper 
carbonate (350 g.) was added gradually with constant stirring to 
prevent the separation of a basic salt which does not redissolve; 


cessation of effervescence on further addition marked the end of the - 


reaction. The resulting solution, containing copper selenate, 
chloride, and some carbonate, after being filtered, evaporated to 
smaller bulk, and cooled, gave crystals of CuSeO,,5H,O. These 
were collected, washed quickly with water, and recrystallised. 
At. 105° the pentahydrate is converted into the monohydrate and 
this was used in preparing the majority of the mixtures used. 

The whole of the copper in a concentrated solution of selenate was 
precipitated by hydrogen sulphide, the sulphide rapidly filtered off 
and the solution concentrated at 100° under 10 mm. pressure until 
it contained approximately 82% of selenic acid; this was free from 
selenious acid and from copper. 
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The System CuSeO,-H,O-H,SeO,.—Thick-walled  test-tubes 
containing CuSeO,,H,O with aqueous selenic acid of various 
strengths were securely stoppered and shaken in a thermostat at 
25° + 0-05° for periods varying from 10 days with the more dilute 
acid to 4 weeks with the more concentrated acid. The separation of 
solid and liquid phases was then effected by rapid filtration, a few 
seconds sufficing with the more aqueous solutions but a greater time 
(about 10 mins.) being required with the more viscous concentrated 
acid solutions. No temperature control was maintained during 


Fie. 1. 
H,0 








CuSeO, H,Se0, 
filtration partly because the laboratory temperature was above 15° 
and partly because (i) for less acid solutions filtration was so rapid 
and (ii) for concentrated acid solutions the solubility of the copper 
selenate was always below 2% (see curve BC, Fig. 1). Further- 
more, a change in the composition of the solid phase was im- 
probable, since this could be brought about only by transition to 
another hydrate. 

The solids were analysed in a moist state. For analysis a weighed 
sample of liquid or solid was either diluted with or, dissolved in 
water and the percentage of free selenic acid was estimated by 
titration with N-sodium hydroxide. The blue colour of the copper 
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ion was found to enhance rather than to decrease the precision 
with which the end-point could be observed with methyl-orange as 
indicator, and hydrolysis of thé. selenate did not interfere. The 
copper present in the liquid after titration was estimated by precipi- 
tation from the boiling solution with sodium hydroxide, filtering, 
washing, and redissolving the precipitate, and titrating the solution 
iodometrically. Removal of selenate ion before titration of the 
copper was necessary by reason of its slow reaction with potassium 
iodide. This method of estimation was preferable to an electrolytic 
one (against which, however, it was repeatedly checked) in conse- 
quence of cathodic reduction of selenates to free selenium and the 
resulting contamination of the copper deposits. 

Table I gives the results from 32 experiments. These are plotted 
upon the triangular diagram (Fig. 1), points relating to the moist 








TaBLeE I. 
Solid phase Solid phase 
(moist). Liquid phase. (moist). Liquid phase. , 
—_—" a ~ ~ 
CuSe0,, H,SeO,, CaBeOg H,SeO,, CuSeO,, H,SeO,, CuSeO,, H,SeO,, 
%: %: %: Yo" %o- %: %: 
64-71 0-09 15- 89 0-00 53-27 12-43 1-98 50-16 
62-60 1-27 13-44 6-16 49-38 14-10 1-92 51-10 
63-68 1-48 11-77 11-07 43-95 18-60 1-91 53-46 
61-72 1-71 11-84 11-11 49-03 15-95 2-24 53-83 
59-96 3:22 10-48 14-23 43-79 20°24 2-01 54-03 
63-43 2-59 10-59 14-57 49-92 14-94 1-97 54°39 
62-00 1°88 10-09 15-27 52-66 22-68 1-96 56-66 
62-67 2-61 7-96 20-25 42°55 31-03 0-97 61-05 
57-36 5-92 6-79 25-06 — — 1-08 61-30 
63-63 2°25 5-49 28-28 57-95 21-78 0-89 62-82 
58-29 6-33 3°85 35°32 48-76 28°33 1-12 63-08 
63-40 3°13 3°94 35°39 51-44 28-03 0-70 66-00 
55-69 9-32 3°15 38-96 52-72 28-91 trace 70-36 
55-27 8-68 2-64 42-39 46-77 35-58 0-00 75-01 
55-98 8-54 2°82 42-55 47-19 37°93 0-00 78°43 
42-60 18-04 2°19 46-77 46-10 40-73 0-00 82-42 


salt and the corresponding liquid phase being joined and the line 
continued to the CuSeO,-H,0 axis. 

Dennis and Koller (loc. cit.) record that a hydrate, CuSeO,,3H,0, 
remained after CuSeO,,5H,O had been refluxed with acetone for 
10 hours. This was confirmed (Found: CuSeO,, 79:25. Calc. for 
CuSeO,,3H,O : CuSeO,, 79-30%), but repeated refluxing with fresh 
portions of acetone led to further dehydration (Found: CuSeQ,, 
85-57%). 

The Aqueous Vapour Pressure of H,SeO,-H,O Miztures.— 
Mixtures of selenic acid, prepared by Messrs. British Drug Houses, 
with appropriate quantities of recently-boiled distilled water were 
introduced into bulb A which was then attached by a perfectly 
fitting ground joint to the apparatus shown in Fig. 2 (an improve- 
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ment due to Dr. P. L. Robinson, and not hitherto described, of an 
apparatus originally devised by Smith and Menzies, J. Amer. Chem. 
Soc., 1910, 32, 1412). The apparatus was then evacuated at D, 
with taps Z open and F shut, by means of.a “ Hyvac ”’ pump work- 
ing through an efficient drying train. The temperature was so 
adjusted that the liquid in A evaporated rapidly without ebullition, 
and it was found that the stream of vapour so produced was an 
effective means of removing residual gas from the apparatus. 


Following this degassing, 
which lasted for } hour, the 
level of the mercury was 
raised from bulb C to 
U-tube B by closing tap # 
and admitting air at tap 
F. The apparatus was then 
placed in a thermostat at 
25° + 0-05°, and after a 
suitable time had been 
allowed for attainment of 
equilibrium, the difference 
in mercury levels in the 
U-tube was measured by 
means of a cathetometer 
reading to0-2mm. Experi- 
ence showed that a suffi- 
cient flushing out with 
vapour resulted in a static 
pressure being recorded 
very quickly, but failing 
this rigorous removal of gas, 
a creep of pressure was 
observed which continued 
over many hours. With 
thoroughly out - gassed 
liquid, the pressures re- 
corded are believed to be 


within + 0-1 mm. of the true vapour pressure. The composition of 
each mixture studied was ascertained with an accuracy of one part in 
500 parts by filling the apparatus with air, removing the bulb A, 
and titrating a sample of its contents with N-sodium hydroxide. 
The results (Table II), corrected for mercury at 0°, when plotted 
(Fig. 3, upper curve) are similar in form to Sorel’s (Z. angew. 
Chem., 1899, 272; Fig. 3, lower curve) for aqueous sulphuric 


acid, 


Cc 


Fie. 2. 


CUPRIC SELENATE~WATER-SELENIC ACID AT 25°. 
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TABLE II. 
OL ETE TE fd oe nay ... 0-00 23-93 34-13 47-08 51-34 57-58 65-30 
Vap. press. (corr.) (mm. Hg) 23-21 21-21 19-25 15-11 12-79 9-75 6-22 
Wei 00s saseidsvebiesiccss 67-58 76-69 83-18 85-48 89-29 93-50 


Vap. press. (corr.)(mm. Hg) 5-38 1:96 0-62 0-32 0-18 0-03 
Fie. 3. 
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Aqueous vapour pressure, mm. Hg (corr. to 0°). 
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Selenic acid, %. 


Discussion of Results. 


It is evident from Fig. 1 that the co-ordination lines of the region 
A to B come to a focus at the composition represented by the penta- 
hydrate. The unbroken curve BC is indicative of the presence of 
one lower hydrate only. The hygroscopic nature of the materials 
rendered the analytical data for the moist solids of this region 
less precise, with the result that the co-ordination lines afford a less 
certain indication of the composition of the pure solid phase; they 
do suggest, however, that only the monohydrate exists. Further- 
more, high viscosity in this region led to the retention of a consider- 
able amount of mother-liquor and, the points being thereby removed 
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so far from the focus, a slight absorption of water tended appreciably 
to alter the direction of the co-ordination lines. A useful confirm- 
ation of the view that only the pentahydrate and monohydrate 
exist under the prescribed conditions was given by a microscopical 
examination of the solid phases, which disclosed only two materials : 
well-formed blue crystals between A and B, and minute, almost 
white, crystals between B and C. 

Fig. 1 shows that 55%, selenic acid is the highest concentration in 
which CuSe0,,5H,O can continue to exist at 25°. Fig. 3 shows 
that the aqueous vapour pressure of this acid is 11.0 mm. Neglect- 
ing the effect of approx. 2% of dissolved copper selenate upon the 
vapour pressure of selenic acid, we may therefore infer that the 
vapour pressure of CuSeQ,,5H,O at 25° is approx. 11-0 mm. 

The vapour pressure of CuSeQ,,H,O could not be similarly 
determined because in no case was the phase anhydrous CuSeO, 
obtained. 


Grateful acknowledgment is made to the Research Committee of 
Armstrong College for a grant for the purchase of selenic acid used in 
the second part of this paper and for the provision of the catheto- 
meter. 


ARMSTRONG COLLEGE, UNIVERSITY OF DURHAM, 
NEWCASTLE-UPON-TYNE. [Received, March 19th, 1932.] 





211. Alternative Electrode Reactions. Part I. Re- 
actions at a Platinum Cathode in Nitric. Acid 
Solutions. 

By Harotp J. T. Exiincnam, 


In the course of electrolysis under constant or gradually varying 
conditions, it sometimes happens that a reaction which is occurring 
with high current efficiency at one of the electrodes gives place more 
or less abruptly and completely to a different reaction, the transition 
from one to the other being marked by a definite change in the 
single potential of the electrode. Transitions between reactions 
which occur at anodes of metals exhibiting active and passive states, 
e.g., between metal dissolution and oxygen evolution, have been 
very extensively investigated, but comparatively little attention 
has been given to transitions between electrode reactions of other 
types. It has been pointed out, however (Ellingham and Allmand, 
Trans. Faraday Soc., 1923, 19, 753), that,all such transitions, whether 
they occur at an anode or a cathode, have a number of common 
3E2 
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characteristics, and can, in fact, be regarded as constituting a 
definite class of phenomenon—transitions between alternative electrode 
reactions. In this connexion, no attempt is made to distinguish 
between transitions involving an alteration of the primary electrode 
reaction and those in which the change may be confined to a 
secondary reaction. 

An investigation of transitions between alternative electrode 
reactions of various types has been undertaken with a view to further 
characterisation of this general class of phenomena. The present 
paper deals with a cathodic example. 

Reactions at a Platinum Cathode in Nitric Acid Solutions.—Faraday 
(Phil. Trans., 1834, 124, 96) observed that in the electrolysis of 
dilute nitric acid solutions between platinum electrodes, hydrogen 
was evolved at the theoretical rate from the cathode, but with 
concentrated solutions no hydrogen evolution occurred, the cathodic 
products being nitrous acid and apparently nitric oxide. By 
increasing the applied voltage, however, hydrogen could be liberated 
even from concentrated solutions: the greater the concentration, 
the higher was the voltage needed for this purpose. In the work 
of Fromme (Wied. Ann., 1883, 19, 300) and Ihle (Z. Elektrochem., 
1895, 2, 174) on the Grove—Smee cell there is some indication that 
these two processes, hydrogen evolution and production of nitrous 
acid (sometimes accompanied by nitric oxide), may be alternative 
electrode reactions in the sense explained above. Thus, during 
gradual dilution of the nitric acid in a Grove cell, the L.M.F. 
remained nearly constant around 1-8 volts until a critical stage was 
reached whereat it fell sharply to about 0-7 volt. The cathode 
reaction changed simultaneously from the production of nitrous 
acid and oxides of nitrogen, characteristic of the Grove cell, to 
hydrogen evolution, characteristic of the Smee cell. Actually, 
however, the alternative character of the two reactions has been 
most clearly indicated by the early experiments of Schénbein (Pogg. 
Ann., 1839, 47, 563) on the electrolysis of nitric acid solutions. 
Indeed, the two reactions seemed to be so distinct that Schénbein 
was led to postulate two different “states ” of platinum in order to 
account for their separate occurrence. Evidently, the observed 
phenomena reminded him of those of anodic passivity, and in this 
respect he anticipated the point of view taken up in the present 
series of investigations. 


ExPERIMENTAL. 


Nitric acid solutions of various concentrations have been elec- 
trolysed between smooth platinum electrodes, and the cathode 
potential measured at intervals (A) during a step-wise increase 
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(and subsequent decrease) of the applied voltage, the current density 
(C.D.) being also measured at each stage; and (B) during the 
maintenance of a constant C.D. 

These two methods of experiment have proved useful in the 
study of anodic passivation phenomena. Experiments of type A 
bring out the general character of the relations between C.D. and 
potential, and hence indicate the conditions for the occurrence of 
transitions between the alternative electrode reactions ; whilst those 
of type B show how these relations and conditions are affected by 
the time factor (compare Ellingham and Allmand, loc. cit.; W. J. 
Miiller, Z. Elektrochem., 1927, 33, 401). 

The system, Pt(cathode) | HNO, solution, does not appear to 
have been investigated previously on these lines. A few polarisation 
measurements were made by Ihle (Z. physikal. Chem., 1896, 19, 
577), but the C.D.’s employed were not specified. 

Apparatus.—The electrolysis cell, which was supported in a 
thermostat, consisted of a rectangular glass jar provided with a 
cover fashioned from a block of paraffin wax. In all except certain 
preliminary experiments, the cathode consisted of a stout platinum 
wire bent into the form of a flat spiral and sealed into a glass tube 
which was supported so that the spiral was in a vertical plane. The 
anode was a piece of platinum foil. The total volume of electrolyte 
was always 70 c.c., but 10 c.c. of this were contained in a small 
cylindrical porous pot standing on the bottom of the cell and com- 
pletely surrounding the anode. The anode plate and the spiral 
portion of the cathode were just submerged, their effective surface 
areas being 3-0 and 0-52, sq. cm. respectively. The catholyte was 
stirred by means of a glass stirrer. The gaseous products of elec- 
trolysis were allowed to escape freely through an opening in the 
cover of the cell. 

In experiments of type A the electrolysing current was furnished 
by two lead accumulators. In those of type B, however, current 
was taken from the 110-volt D.C. lighting circuit. By using such 
a comparatively high voltage supply and a correspondingly high 
resistance in the circuit, the current strength remained practically 
constant even when the back-#.M.F. of the electrolysis cell changed 
by about 1 volt as a result of the transition from one cathode 
reaction to the other. 

One limb of a capillary solution bridge was cemented into the 
wax cover of the cell in such a position that its lower end, which was 
drawn out slightly and bent at right angles, pressed closely against 
the cathode coil. The other limb of this bridge and the connecting 
tube of a normal calomel electrode dipped into a small beaker 
containing nitric acid of the same concentration as that in the cell. 
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The £.M.F. of the system 


frssms i. ntl) | HINO, solution N-KC1,Hg,(),| He 
was measured by the’ compensation method, a metre slide-wire 
being used, with a capillary electrometer as nullinstrument. Values 
of this #.M.F. are referred to as cathode potentials on the normal 
calomel scale. Actually, the #.M.F. readings should be corrected 
for liquid-junction potential in order to obtain the true cathode 
potential, but the magnitude of this correction cannot be estimated 
when concentrated nitric acid solutions are used. Through neglect 
of the correction, which is probably of not inconsiderable magnitude, 
cathode potentials in nitric acid solutions of different concentrations 
are not strictly comparable. For our purpose, however, it. is 
sufficient that changes of cathode potential in a solution of given 
concentration are properly measured by changes in the uncorrected 
values of the H.M.F. 

Nitric Acid.—‘ Pure” nitric acid (Hopkin and Williams) was 
distilled from silver nitrate and potassium nitrate, and then redis- 
tilled alone from a Jena-glass retort. After a rapid current of air 
had been drawn through the product until it was quite colourless, 
stock solutions of various concentrations were made up by dilution. 


Experiments of Type A. First Series. 


The electrodes were put into the electrolyte 30 mins. before 
electrolysis was begun in order that they might attain a steady 
potential. 0-2 Volt was then applied across the electrodes, and at 
successive 5-minute intervals the applied voltage was increased to 
a value 0-2 volt above the P.D. prevailing at the end of the previous 
period. When a suitably high P.D. had been attained, the voltage 
was decreased in similar steps. Readings of current strength, cathode 
potential, and P.D. between the electrodes were taken 4 mins. after 
each increase (or decrease) of applied voltage. 

Relations between cathode potential, e, (volts), and eathodic 
C.D., d{amp./sq.dm.), under these conditions are shown for two 
typical cases in Fig. 1, where log d, is plotted against e,. This 
method of plotting is adopted in order to be able to cover a very 
wide range of C.D., and because for many electrode reactions @, is 
approximately a linear function of log d,. 

Curve I, for 3-40N-acid, consists of two distinct branches, 
branch a corresponding to reduction of nitric acid to nitrous acid, 
and branch 6 to hydrogen evolution as the predominant cathode 
reaction. The transition from a to 6 and vice versa involves a 
sudden jump of potential of about 0-6 volt. In curve II, for 
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2:05N-acid, however, there is a direct passage from a. residual 
current region at very low C.D.’s to a hydrogen evolution branch 
corresponding with 6 in curve I. 

In the lowest part of branch a, curve I, the polarisation tends to 
decrease slightly during the 5-minute period allowed at each setting 
of the potential divider, but in the uppermost part of this branch 
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there is a tendency for the polarisation to rise, and very slight 
evolution of gas (nitric oxide) can be observed. Eventually, at a 
certain setting of the potential divider, the rise in polarisation 
suddenly accelerates and the transition to branch 6 is completed in 
a few seconds. Vigorous hydrogen evolution then sets in, and 
thereafter the polarisation increases gradually at any given setting 
of the potential divider. This is the normal increase of hydrogen 
over-potential with time. When the reverse transition occurs 
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during step-wise decrease of the applied voltage, hydrogen evolution 
ceases abruptly and the polarisation falls to a value lower than that 
at which the a —~> 6 transition began. No gas evolution occurs 
after the 6 —~> a transition, but a few hydrogen bubbles usually 
remain on the cathode. 

With more concentrated solutions, curves similar to I were always 
obtained, and, the higher the concentration, the greater were the 
C.D.’s at which the transitions occurred. Evolution of nitric oxide 
before the a —-> 6 transition was more marked with more con- 
centrated solutions but the current efficiency of its production 
never became high. 

The form of these curves is closely similar to those obtained for 
anodes of metals exhibiting active and passive states, branch a 
corresponding with the former state and branch 6 with the latter. 
The “ hysteresis’ between the ascending and descending curves 
(Fig. 1, I) is a well-known feature in anodic passivation and activ- 
ation. Itis clear, therefore, that at a platinum cathode in nitric acid 
solutions of sufficient concentration there are two electrode reactions 
which are alternative in the sense defined above. In no case did 
the log d,-e, curves exhibit more than two branches apart from the 
residual current line at very low C.D.’s (compare chromic acid 
solutions; Liebreich, Z. Elektrochem., 1921, 27, 94; 1923, 29, 208). 

In the course of these experiments it was observed that the 
approximately steady potentials acquired by the coiled-wire electrode 
during immersion in the solution before electrolysis were dependent, 
not only on the nitric acid concentration, but also to some extent 
on the cathodic treatment to which this electrode had been subjected 
in the previous experiment. Such effects persisted even after the 
electrode had been exposed to the air for several days. In order to 
avoid any possibility that differences in previous treatment might 
affect the reproducibility of the cathode potentials during elec- 
trolysis, the following procedure was adopted in all further work : 
immediately after each experiment the cathode was immersed for 
15 minutes in 68% nitric acid, washed in running water, and left 
over-night exposed to the air before being used again. In all cases 
the potential of the electrode was measured at intervals during the 
30-minutes immersion in the electrolyte before electrolysis, in order 
to ensure that a steady value had been reached. 


Experiments of Type B. 

By analogy with anodic passivation, it was expected that in the 
electrolysis of a moderately concentrated nitric acid solution at a 
suitably chosen constant C.D., reduction to nitrous acid would occur 
first and eventually give place suddenly to hydrogen evolution. 
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Actually, however, in numerous experiments at various constant 
C.D.’s this sequence of electrode reactions was never observed. 
Hydrogen evolution was always the initial process. . If the C.D. 
exceeded a certain critical value, which seemed to be determined 
mainly by the concentration of the solution, this process continued 
indefinitely, but if the C.D. were below this value, hydrogen evolution 
suddenly gave place to the reduction process after electrolysis had 
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been continued for a certain time—the “transition time.” After 
this 6 —> a transition had occurred, nitrous acid (unaccompanied 
by nitric oxide) was produced continuously, and no reversion to 
hydrogen evolution ever took place. The temporary evolution of 
hydrogen at the beginning of electrolysis was first noticed by 
Schénbein (loc. cit.), but has received little further attention (vidz 
infra). 

The cathode potential-time curves for the electrolysis of 6-24N- 
nitric acid at various constant C.D.’s are shown in Fig.2. At C.D.’s 
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above about 8 amps./sq.dm., hydrogen evolution continued uninter- 
ruptedly throughout electrolysis, even though the current was 
passed for several hours. At lower C.D.’s, however, the b —>a 
transition always occurred after a certain time : the lower the O.D., 
the shorter was the transition time. Observed transition times 
ranged from a few seconds to about. 20 minutes. A tendency for 
the cathode potential to assume abnormally positive values for a 
few minutes immediately after the transition is indicated particularly 
by curve ITI. 

The critical C.D. above which hydrogen evolution continues 
without interruption becomes much greater with more concentrated 
solutions. 

For a given- concentration and C.D.,-the transition time was 
scarcely affected by varying the rate of stirring or by using a special 
type of cathode designed so as to ensure regular distribution of C.D. 
over its surface. On the other hand, solutions of a particular 
concentration made up from different batches of nitric acid some- 
times gave notably different transition times at a given C.D. Of 
substances which might be present in varying amounts as impurities 
and give rise to these differences, potassium and ammonium nitrates 
were found to be without effect. The addition of a small amount 
of nitrous acid (added as potassium nitrite) produced, however, a 
marked decrease in transition time at any given C.D., and thus 
increased considerably the critical C.D. above which uninterrupted 
hydrogen evolution occurred. At sufficiently low C.D.’s the initial 
evolution of hydrogen could be suppressed entirely. Reference to 
this action of nitrous acid has been made by Gladstone and Tribe 
(J., 1879, 35, 172) and by Ihle (loc. cit.). 

Differences in the behaviour of different samples of nitric acid 
solution were therefore probably due to varying traces of nitrous 
acid, although tests had shown that such traces must have been 
extremely small in the solutions employed. Attempts were there- 
fore made to remove nitrous acid more completely before electrolysis. 
Addition of urea led to less positive potentials after the transition 
(nitrogen was being evolved), but the transition time was increased 
only very slightly. It seems that the action of urea in removing 
nitrous acid from the original solution must have been notably incom- 
plete (compare Joss, J. Physical Chem., 1927, 30, 1252); for a very 
marked increase in transition time could be brought about merely 
by drawing a current of air through the solution for 20 minutes before 
the electrodes were introduced (30 minutes before the beginning of 
electrolysis). Thus, with 8-23N-nitric acid the transition time 
became 9 minutes at 3-5 amps./sq.dm. as compared with 6°75 
minutes at 15:8 amps./sq.dm. With 6-15N-nitric acid the O.D. 
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required to give a transition time of 16 minutes fell from 7-1 to 
0-07 amp./sq.dm. as a result of this air treatment, and with less 
concentrated solutions uninterrupted hydrogen evolution occurred 
at all except extremely low C.D.’s. All such experiments showed 
that the removal of traces of nitrous acid led to a remarkable 
decrease in the critical C.D. above which cathodic reduction to 
nitrous acid cannot set in. With nitric acid concentrations up to 
6N (about 30% HNO,) this critical C.D. fell to practically negligible 
values : with more concentrated solutions the fall was as great as 
could be expected in view of the ease with which such solutions 
yield traces of nitrous acid under the influence of light. 

It. is concluded that the cathodic reduction of nitric acid to 
nitrous acid is an extremely slow process unless traces of nitrous 
acid are already present as catalyst. 


Experiments of Type A. ; Second Series. 


Further experiments in which the applied voltage was increased 
(and afterwards decreased) in steps of 0-2 volt.at 5-minute intervals 
were carried out exactly as in the first series, except that the cathode 
had been subjected to the preliminary treatment described above 
(p. 1570), and the solution to the air treatment adopted in later 
experiments of type B. Introduction of this latter procedure 
tended to decrease the C.D. at which the a —-> 6 transition occurred 
(‘‘ transition current density,” 7'.C.D.) in solutions less concentrated 
than 5N : at concentrations below 4N the a branch of the log d;-e, 
curve was suppressed altogether. 

Fig. 3 shows the ascending log d,-e, curves for nitric acid solutions 
of various concentrations at 25—26° when the stirrer was rotated 
at 170 r._p.m. The 7'.C.D. is seen to increase rapidly with con- 
centration. With the more concentrated solutions the a branch 
of the curve bends over before the transition, and there is a range 
of conditions, indicated on the figure, in which evolution of nitric 
oxide accompanies nitrous acid formation. With the less concen- 
trated solutions the transition is relatively sluggish, and unstable 
potential values lying between the two branches of the curve are 
sometimes obtained (curve IV). The curves for 3-09N and less 
concentrated solutions are very similar to that for 2N-sulphuric 
acid under the same conditions. 

The reproducibility of the curves was reasonably good under 
these carefully controlled conditions. Moreover, the 7'.C.D.’s were 
scarcely affected by increasing the interval between successive 
voltage increments from 5 to 10 minutes. Fig. 4 shows, however, 
that an increase of temperature caused a notable decrease in 
polarisation on the a branch of the curve,.and greatly increased the 
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7’.C.D. (curves VI, Ill, and I). The use of a platinised platinum 
cathode instead of the smooth electrode produced a very large 
increase in the 7'.C.D. These effects correspond with those observed 
in the polarisation of other electrode systems. 

The effect of altering the rate of stirring, however, was the reverse 
of that for other electrode reactions. Increasing the rate of stirring 
increased the polarisation on the a branch of the curve and lowered 
the 7.C.D very considerably. Thus, with 6-15N-nitric acid the 
7’.C.D. was 33, 16, and 3 amps./sq.dm. when the stirrer was rotated 
at 0, 170, and 250 r.p.m. respectively. No other case of this kind 
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I, 8-23N-HNO,; II, 6-16N-HNO,; III, 5-13N-HNO,; IV, 4:11N-HNO,; 
V, 3-09N-HNO,; VI, 2N-H,SO,. 
appears to have been described. With other electrode reactions an 
increased rate of stirring always tends to decrease the polarisation. 
Since more vigorous stirring tends to maintain a higher concentration 
of soluble reactants and a lower concentration of soluble products in 
the layer of solution in immediate contact with the electrode, it 
leads normally to an increase in the velocity of the electrode 
reaction and hence to a decrease in the polarisation at any given 
C.D. The only condition under which the polarisation might rise 
with increasing rate of stirring would seem to be when one of the 
soluble products of the reaction, which is being swept away from 
the electrode surface by the action of the stirrer, is also a catalyst 
for the reaction. In the present case the strong catalytic action of 
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nitrous acid on the cathodic reduction of nitric acid to nitrous acid 
is evidently the cause of the observed anomalous influence of 
stirring (curves II, III, and V). 

Addition of 5 g. of urea per litre of 6-15N-nitric acid had little 
effect upon the lower part of the log d,-e, curve, in spite of the fact 
that evolution of nitrogen occurred in this region, but above about 
1 amp./sq.dm. the polarisation was notably increased, and the 
T.C.D. was lowered from 16 to 7 amps./sq.dm. On the other hand, 
addition of 5 g. of potassium nitrite per litre of 6-15N-nitric acid 
had practically no effect on any part of the curve or on the 7'.C.D. 
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Normal stirring : I, 40°; III, 25°; VI, 3°. 
25°: II, no stirring; V, fast stirring. 
IV, 6-15N-HNO, + urea, 25°, normal stirring. VII, 2N-H,SO, + HNO,. 


With 4-11N-nitric acid, however, a similar addition of nitrite 
increased the 7'.C.D. from 0-07 to 1-5 amps./sq.dm. With still more 
dilute solutions, addition of nitrite led to the appearance of an a 
branch of the log d,-e, curve, which is normally absent, but this 
branch bends over at quite low C.D.’s and passes without definite 
transition into the 6 branch. A closely similar curve is given by 
2N-sulphuric acid to which nitrite has been added (curve VII, 
Fig. 4). 

The Anode Reaction.—In all experiments with pure nitric acid 
solutions, the anode potential varied continuously with C.D. over 
the whole range explored. It is concluded therefore that oxygen 
evolution is the sole reaction at a platinum anode in nitric acid solu- 
tions. With solutions to which nitrite had been added, however, 
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the anode potential remained at relatively very low values until a 
certain C.D. was reached, whereat there was a sudden transition to 
the normal value for oxygen evolution. Evidently anodic oxidation 
of nitrous acid to nitric acid was occurring at the lower C.D.’s. 
Equilibrium Potentials.—The steady potentials assumed by the 
spiral electrode during simple immersion for 30 minutes in the nitric 
acid solution before electrolysis ranged from + 0-84 volt for 3-08N- 
to + 0-92 volt for 8-23N-acid, with reference to the normal calomel 
electrode (vide supra). These values are about 0-05 volt more posi- 
tive than those of Ihle (loc. cit.), doubtless as a result of more com- 
plete removal of nitrous acid. Addition of nitrite lowered the 
equilibrium potential and greatly decreased the time required for 


its establishment. 
Discussion. 


In the electrolysis of nitric acid solutions the primary cathode 

reaction under all conditions is regarded as 

H+O=(B)p. or. . . |. & ()) 
where (H) represents atomic hydrogen occluded in the platinum. 
This process may be followed by either of the alternative secondary 
reactions 

HNO, + 2(H) = HNO,+ H,O . . . (2a) 

2(H) = H, (gas) . + . | - 26) 
depending on the conditions of electrolysis. 

Reaction (26) will occur only if (2a) cannot proceed at a sufficient 
rate to remove (H) as fast as it is produced by (1). The experi- 
mental results described above show that the velocity of (2a) is very 
low, even for moderately concentrated nitric acid, unless nitrous 
acid is already present as catalyst. The C.D. which can be main- 
tained by reaction (2a) in a solution of given nitric acid concentration 
will therefore be determined mainly by the concentration of nitrous 
acid. which is established in the layer of solution in immediate 
contact with the cathode. 

In experiments of type A the C.D. increases very gradually, and 
during each of the earlier stages the nitrous acid concentration in 
the diffusion layer builds up sufficiently to allow for a further increase 
of C.D. with very little rise in polarisation. _ At a certain stage, 
however, the reaction 

3HNO, = HNO,+2NO+H,0 .. . (3) 
limits the rate of increase of nitrous acid concentration at the 
cathode surface. Nitric oxide begins to be evolved and the polaris- 
ation increases more markedly with C.D. . At a certain C.D., depen- 
dent on the nitric acid concentration, the concentration of nitrous 
acid in the diffusion layer will reach a maximum value, thus setting 
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a limit to the velocity of reaction (2a). With further increase in 
C.D., the activity of atomic hydrogen in the cathode surface will 
rise at a rapidly increasing rate, and the potential will therefore 
change sharply to more negative values until reaction (26) can set 
in. This is the probable mechanism of the a ——> 6 transition. 

That the progress of reaction (2a) at moderate C.D.’s is dependent 
on the maintenance of an intact diffusion layer over the cathode 
surface, is demonstrated by the marked fluctuations of potential 
caused by the escape of bubbles of nitric oxide just before the 
transition, and by the increase in polarisation and the lowering of 
the 7.C.D. produced by an increased rate of ‘stirring. 

The higher the nitric acid concentration, the greater will be the 
maximum concentration of nitrous acid in the diffusion layer, and 
hence the greater the 7'.C.D. With the more concentrated nitric 
acid solutions this limiting nitrous acid concentration is so high that 
it can hardly be increased by moderate additions of nitrous’ acid 
to the solution before electrolysis. With more dilute nitric acid, 
however, the limiting nitrous acid concentration in the diffusion 
layer may be notably raised by such an addition, since the concen- 
tration gradient will become much less steep. After the transition 
the diffusion layer will be largely broken up by hydrogen evolution, 
and the C.D. which reaction (2a) can maintain will therefore fall to 
a comparatively very low value. 

In experiments of type B, where a moderate C.D. is established 
immediately, reaction (2b) must occur until a sufficient concentra- 
tion of nitrous acid can accumulate at the: cathode surface to 
enable reaction (2a) to maintain the given C.D. The establishment 
of this condition is opposed, however, by the action of hydrogen 
bubbles in sweeping nitrous acid away from the cathode surface. 
At moderate C.D.’s this stirring action is so effective that alterations 
in the rate of rotation of the mechanical stirrer scarcely affect con- 
ditions at the cathode surface. Unless the nitric acid is very 
concentrated or contains already a moderate amount of nitrous 
acid, it is only at very low C.D.’s that the nitrous acid concentration 
at the cathode surface can rise sufficiently to permit the occurrence 
of the b — a transition. It should be noted, however, that owing 
to the autocatalytic character of reaction (2a) its velocity can rise 
very sharply when once a certain critical value has been exceeded, 
so that the transition, if it occurs at all, sets in very suddenly and 
goes to completion in a very short time. The activity of atomic 
hydrogen in the cathode surface is thereby decreased suddenly from 
a very high to a very low value, and the rate of production of nitrous 
acid is temporarily very high. This causes an exceptionally low 
polarisation (exceptionally positive potential) just after the transition. 
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A comparison of some results of Ihle (Z. physikal. Chem., 1896, 
19, 572) with those of the present investigation indicates that during 
hydrogen evolution the formation of ammonia may become an 
important secondary reaction. At the very negative cathode 
potentials established at high C.D.’s it is probable that nitrous acid 
formation is largely supplanted by. production of ammonia, so that 
the 6 ——> a transition will be still less likely to occur. 

Theory of Metal Dissolution.—The well-known catalytic action of 
nitrous acid on the dissolution of certain metals in nitric acid solu- 
tions (Millon, Compt. rend., 1842; 14, 902; Veley, Proc. Roy. Soc., 
1890, 46, 216; 1891, 48, 458; 1893, 52, 27) may be a particular 
case of the catalysis of reaction (2a). .When any metal is put into 
any acid solution the reaction 
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(in the case of a bivalent metal) tends to take place, and, if there 
were no secondary reaction to remove atomic hydrogen from the 
metal surface, would proceed to an equilibrium condition. The 
baser the metal, the greater would be the activity of atomic hydrogen 
at equilibrium. In non-oxidising acid solutions the baser metals 
can dissolve continuously because this equilibrium activity is greater 
than that at which hydrogen gas can be evolved by reaction (26), 
unless this gas evolution is prevented by the metal having a high 
hydrogen over-potential. With the nobler metals, however, the 
equilibrium corresponding to (4) is actually attained when only a 
minute trace of metal has dissolved, and no further action occurs. 
In nitric acid solutions of moderate concentration, reaction (2a) 
is an alternative secondary process capable of removing atomic 
hydrogen from the metal surface. With a very base metal, such as 
magnesium, the vigorous progress of reaction (4) corresponds to the 
rapid production of atomic hydrogen by electrolysis at a high C.D. : 
reaction (2a) cannot proceed fast enough to oxidise this hydrogen, 
so that evolution of hydrogen gas is the predominant reaction. 
With a metal such as zinc, which although moderately base has a 
high hydrogen over-potential, production of ammonia may become 
important, and nitrous oxide may be produced by decomposition 
of the ammonium nitrate formed. With nobler metals, however, 
the equilibrium activity of atomic hydrogen in the metal surface is 
lower, and conditions correspond to electrolysis at a lower C.D. : 
reaction (2a) removes the hydrogen as fast as it is formed, yielding 
nitrous acid and its decomposition product, nitric oxide. Since 
this reaction is strongly catalysed by nitrous acid, reaction (4) will 
be correspondingly accelerated, i.e., nitrous acid will appear to 
catalyse the dissolution of such metals. The observation of Drapier 
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(Compt. rend., 1914, 158, 338), that rotation of a copper rod in a 
nitric acid solution decreased its rate of dissolution, is analogous to 
the abnormal effect of stirring on polarisation in experiments of 
type A above. 

Summary. 

In the electrolysis of nitric acid solutions between platinum 
electrodes there are two alternative reactions which can predominate 
at the cathode: (a) reduction of nitric acid to nitrous acid (which 
may yield nitric oxide by decomposition) ; (6) evolution of hydrogen. 
Reaction (a) is strongly autocatalytic, the current density which it 
can maintain being determined by the nitrous acid concentration 
established at the cathode surface. This explains the observed 
variations of cathode potential during electrolysis under various 
conditions, and may account for the well-known catalytic action of 
nitrous acid on the dissolution of certain metals in nitric acid. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonvon, 8.W.7. [Received, March 30th, 1932.] 





212. The Condensation of «a’-Dibromo-dicarboxylic 
Esters with Thioureas and the Synthesis of Di- 
thiazolidylmethane Derivatives. 


By REGINALD GRAHAM ATKINSON and RoBERT FerGus HUNTER. 


ALTHOUGH the condensation of thioureas with «-halogenated 
monocarboxylic acids and their esters has frequently been utilised 
as a source of ¢-thiohydantoin derivatives, the corresponding 
reaction with ««’-dihalogenated dicarboxylic acids does not appear 
to have been previously studied. 

Dibenzthiazolylmethane and some derivatives have been syn- 
thesised by Mills (J., 1922, 121, 456), but no derivative.of 
dithiazolylmethane itself appears to have been previously described. 

Ethyl ««’-dibromoglutarate reacts with thiocarbanilide and with 
phenylthiourea in the presence of alcoholic pyridine, giving 2 : 2’- 
Fahl 4’-diketo-3 : 3'-diphenyl-5 ; 5’ -dithiazolidylmethane, 

CH,(CH<Ro.NPL at and 2: 2'-di:imino-4 : 4'-diketo-3 : 3'-di- 
phenyl-5 : 5'-dithiazolidylmethane respectively, but similar condens- 
ation could not be effected with ethyl ««’-dibromocyclopentane- 
1 : 1-diacetate. 

EXPERIMENTAL. 

Glutaric acid (m. p. 95°) was conveniently prepared in 90—95% 
yield (compare Annalen, 1893, 275, 320; J., 1921, 119, 316) by 
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gradually adding cyclopentanone to nitrie acid (10 vols.) heated 
under reflux, evaporating the mixture to dryness on a water-bath, 
extracting the residue with aqueous sodium hydroxide, and freeing 
the neutralised solution from succinic acid by addition of barium 
hydroxide ; the filtrate was evaporated to dryness, and the glutaric 
acid isolated by extraction with chloroform. 

The yield of ethyl] aa’-dibromoglutarate obtained in the Hell- 
Volhard—Zelinsky process (Ingold, J., 1921, 119, 313) by means of 
thionyl chloride was increased from 45% to 75% by conducting the 
bromination in a special apparatus containing an electric light bulb, 
rich in ultra-violet light; immersed in the reaction mixture. 

2: 2'-Diphenylimino-4 : 4'-diketo-3 : 3’ - diphenyl -5 : 5’ - dithiazolidyl- 
methane.—10-5 G. of ethyl a«’-dibromoglutarate were gradually 
added to a boiling solution of thioearbanilide (2 mols.) and pyridine 
(5 g.) in alcohol and the solution was heated under reflux for a further 
6hours. The dithiazolidylmethane separated from the cooled solution 
and was recrystallised from alcohol; m. p. 210° (Found: N, 10-1; 
8, 11-8. C,,H,,0,N,S, requires N, 10-2; 8, 118%). Yield, 4 g. 

2 : 2’-Di-imino-4 : 4'-diketo-3 : 3’-diphenyl-5 : 5’-dithiazolidylmethane, 
similarly obtained from phenylthiourea and the dibromoglutaric 
ester, formed a microcrystalline powder, m. p. 276° (decomp.), 
on recrystallisation (Found: 8S, 165. C,,H,,0,N,8, requires 
8, 16-2%). Yield, 18%. 

The authors express their gratitude to Professor J. F. Thorpe, 
F.RB.S., for his interest in the work, and to the Chemical Society for 
a grant from the Research Fund. 


IMPERIAL COLLEGE OF SCIENCE ALIGARH Musitim UNIVERSITY, 
AND TECHNOLOGY, INDIA. 
Lonpon, 8.W. 7. [Received, April 11th, 1932.] 





213. The Action of Ephedrine on Benzaldehyde. 
By Wiu1aM Davizs. 


THE oxidation of ephedrine (I) by aqueous solutions of alkaline 
reagents such as potassium permanganate or potassium ferricyanide 
gives the substance “ benzalephedrine,” m. p. 72—73°, to which 
Schmidt (Arch. Pharm., 1914, 252, 89) assigns formula (II). 
The benzaldehyde first formed in the oxidation condenses with 
unchanged ephedrine, as Schmidt (p. 97) showed by the direct 
action of benzaldehyde on ephedrine in the presence of aqueous 
alkali. The evidence he adduced for formula (II) is that the 
compound is basic, is resolved into its components by warm mineral 
acids, and decolorises bromine in ¢chlorcform. 
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Modern ideas of induced activation make the existence of such an 
active methy] group in ephedrine very improbable. An alternative 
structure is that of 2: 5-diphenyl-3 : 4-dimethyltetrahydro-oxazole 
(IV), which can be found via the intermediate compound (III). 
Ephedrine is sufficiently basic to condense almost quantitatively 
with benzaldehyde without the addition of alkali. The compound 
produced (m. p. 73-5°) has the general properties of tetrahydro- 
oxazoles, does not contain hydroxy! or an imino-group, and is satur- 
ated. There can moreover be no doubt that the compound (m. p. 
65°) which Schmidt (loc. cit., p. 97) produced from ¢-ephedrine 
and benzaldehyde is an oxazole derivative stereoisomeric with (IV). 

Adrenaline also can be made to react with benzaldehyde with 
the loss of water, but the product is difficult to obtain in a pure state. 


OH-CHPh-CH(NHMe)-CH, CHPh-CHMe CHPh-CHMe 
(I.) OH tz 
OH e NMe 
Na “ 
OH-CHPh-CH(NHMe)-CH:CHPh HPh CHPh 
(II.) (III.) (IV.) 


EXPERIMENTAL, 


2 : 5- Diphenyl -3 : 4 - dimethyltetrahydro - oxazole.—Merck’s pure 
ephedrine hydrochloride (m. p. 216—220°) is converted into the 
free base (m. p. 35—39°), which is mixed (0-6470 g.; 1 mol.) with 
benzaldehyde (0-42 ¢.c.: 5% excess of 1 mol.) and heated over a 
flame for a few seconds until water suddenly separates. The 
product, after being heated on the water-bath for } hour, is allowed 
to crystallise (m. p. 67—-69°), and is then obtained from dilute 
alcohol as colourless needles or platelets, m. p. 73°5°, which are very 
soluble in cold light petroleum (b. p. 40—-60°) and moderately 
easily soluble in cold alcohol. This compound has all the properties 
of the ‘‘ benzalephedrine,’ m. p. 72—73°, described by Schmidt 
(loc. cit.) (Found: C, 80-3; H, 7:3; M, by Rast’s method, 256, 
254. C,,H ON requires C, 80-6; H, 75%; M, 253). 

The hydroxy- and the imino-group are shown to be absent by 
the inertness of the compound to (a) phenyl isocyanate and (b) an 
ethereal solution of methylmagnesium iodide. The absence of a 
double bond is shown by the fact that the compound does not de- 
colorise dilute permanganate solution during at least a minute at 
room temperature or at 80°. This is a much more trustworthy test 
for unsaturation than the use of bromine in chloroform (Schmidt, 
loc, cit.). 


THe UNIVERSITY OF MELBOURNE. [Received, April 25th, 1932.] 
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Third Pedler Lecture. 
DELIVERED ON Marcu 10rx, 1932. 
By Leopotp Ruzicka. 


The Life and Work of Otto Wallach. 


THE honour, which is mine, of speaking here on the life and work 
of Otto Wallach, who died on February 26th, 1931, is also a task 
which holds a certain measure of difficulty. Upon only one occasion 
did I have the good fortune to meet Wallach. In the spring of 
1928 a convention of chemists of North-west Germany was held in 
Géttingen. During one of the lectures a small white-haired man 
entered the room. ‘‘ That is Wallach !”’ thought I at once. The 
few words I exchanged with him, and his appearance—the clear 
blue eyes beaming in his exceedingly fine and sage countenance— 
made an indelible impression on my memory. A brief meeting 
such as that cannot replace a long acquaintance. It afforded me, 
however, an experience of his remarkable personality which, I 
trust, may supply the mental plastic necessary to cement together 
the data I have collected from his writings and those of his school. 

Wallach was born in Kénigsberg on March 27th, 1847. His 
parents’ home appears to have had but little direct influence upon 
his career. This, however, was largely affected by the circumstance 
that his father; a Prussian official, moved from Otto’s birthplace 
to Stettin and finally to Potsdam, in the vicinity of the German 
metropolis. There the young Wallach received his elementary 
schooling, ending with the classical ‘‘ Gymnasium.”’ 

In the higher classes of the school there existed a club for the 
encouragement of the study of literature and the history of art. 
Wallach’s words make clear the influence which this activity had 
upon his inner life. “‘ There I felt the first unforgettable urge 
towards art and its history. This pointed out to me, early in my 
life, the path leading from the drab plain of life’s demands to the 
stimulating heights of art.’’ Wallach remained true to this youthful 
inclination, and as one of the advantages of his later home in Bonn 
he mentions its proximity to the Belgian and Dutch schools of art. 
Many of his vacation trips were devoted to the study of art, and in 
his professional home in Géttingen he made a collection of water- 
colour paintings. 

Even during his early school years Wallach evinced a strong 
interest in chemistry, which, at that time, was not taught as a 
separate subject in “Gymnasiums,” but was treated only in a 
rather step-motherly fashion as an off-shoot of physics. Like many 
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other rising chemists of that time, he made his first venture into 
the realm of chemistry under the guidance of Stéckhard’s “ Schule 
der Chemie” and with the help of primitive apparatus. ‘ At 
home,” he says, “ these experimental tendencies, not always result- 
ing in too fragrant products, found little sympathy, for I come of a 
great family of lawyers, little interested in the natural sciences.” 
His relatives and friends, therefore, did not greatly sympathise 
with his choice of profession when he decided, in the spring of 
1867, to study chemistry in Gottingen, where Friedrich Wéhler 
directed the chemical laboratory. 

For personal reasons, Wallach passed his second semester in 
Berlin, whither A. W. Hofmann had just come from London as 
successor to Mitscherlich. Wallach then returned to Gdéttingen, 
where the conditions in the laboratory were definitely more -agree- 
able than in Berlin. Concerning this period he wrote: ‘ There 
followed a time of restless activity. In Wohler’s laboratory indo- 
lence was not tolerated : anyone who did not occupy his working 
place regularly must expect to receive from the ‘ Hofrat’ a letter 
summoning him to vacate it.” Work was carried out in the 
laboratory from seven o'clock in the morning until at least five 
o’clock in the afternoon; the gas used by the laboratory students 
was then turned off. ‘ After that hour, in winter; many operations 
had to be finished by the scanty light of candles which the students 
had brought with them.” So industrious was Wallach that, with 
the special permission of the “-Honourable-Faculty,” composed of 
the fifteen oldest professors, he was able to obtain his Doctor’s 
degree after five semesters of study. His dissertation, carried out 
under the direction of Hiibner, dealt with position isomerism in the 
toluene series. 

The following winter semester brought Wallach to Berlin as 
assistant to Wichelhaus, who was later to become the well-known 
technologist. Here he gained valuable stimulus by visiting the 
German Chemical Society, founded in 1868, where he made the 
acquaintance of many of his German and foreign colleagues. In 
the spring of 1870 he accepted an assistantship in Bonn offered to 
him by Kekulé, who said in his letter: ‘ It will not hurt you to 
come to Bonn. Here we lead a scientific artist-life.”’ 

In the memorial lecture which he delivered: in 1897 before the 
Kénig]. Gesellschaft der Wissenschaften in Géttingen, Wallach 
strikingly portrayed Kekulé’s individuality. Their different con- 
ceptions of ‘“‘ Art ” profoundly influenced the lives of the two men. 
Kekulé, the born artist, long wavered between chemistry and 
architecture as a profession, and then with the artist’s intuition 
created structural organic chemistry. He continued to work inten- 
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sively in the field of experimental science for only a few years after 
Wallach’s arrival in his laboratory. “‘ Kekulé was no busy bee,” 
writes Wallach, “constantly endeavouring to enrich the hive of 
knowledge with the greatest possible number of new cells.” Wal- 
lach, on the contrary, was the experimental artist: at the age of 
80 he was still experimenting in his laboratory on problems that 
interested him. 

Wallach’s stay at Bonn lasted for nineteen years, with one brief 
interruption. For the third and last time he tried to establish 
himself in Berlin, entering, as its only chemist, a newly founded 
enterprise which later developed under the name “ Aktien-Gesell- 
schaft fiir Anilin-Fabrikation”’ (Agfa). The noxious gases of the 
factory, however, were so detrimental to his weak health that he 
had to resign his position. He soon found an opportunity of 
returning to Kekulé in Bonn, where, in the spring of 1872, he took 
over the position of assistant in the organic laboratory. A year 
later he became Privatdozent, and in 1876 Extraordinarius. 
Until then, Wallach had passed through “ relatively easy years, 
free from responsibility,” but now followed a period only too well 
filled with non-experimental work. Kekulé, although remaining 
director of the Chemical Institute, withdrew more and more from 
active participation in the laboratory work, and in 1879 the instruc- 
tion in pharmacy, a foreign field into which he had to initiate 
himself, devolved on Wallach. 

Wallach’s scientific work of this period is entirely different from 
his later famous fields of research: the discovery of the imino- 
chlorides by the action of phosphorus pentachloride on the acid 
amides may be mentioned as an example. 

His new duty had a decisive influence on Wallach’s future 
scientific career, for in teaching pharmacy he had to deal with the 
ethereal oils. The state of knowledge existing in this field at that 
time can be best illustrated by a quotation from the introduction 
of his first publication on the subject (August 10th, 1884): “‘ The 
numerous so-called ethereal oils are known to be mixtures, for the 
most part, of hydrocarbons of the terpene group with oxygen- 
containing compounds, often closely related to camphor, in which 
sometimes the oxygen-free constituents, in other cases the oxygen- 
ated constituents, preponderate. As a result of the examination 
of these constituents isolated from ethereal oils, in course of time a 
large series of compounds of the same composition has been 
described. These bear different names in accord with their origin, 
but they have not been examined experimentally to determine 
whether or not they are really different from one another. Hydro- 
carbons of the formula C,,H,,, namely, terpene, camphene, citrene, 
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carvene, cinene, cajuputene, eucalyptene, hesperidine, etc., etc., 
are mentioned in such number that it seems highly improbable 
that they can all be different substances. It is the same with the 
corresponding oxygenated products, C,;y,H,,0, C,jH,,0, ete.” 

On August 4th, 1909, on the occasion of the fortieth anniversary 
of his promotion, Wallach’s former co-workers held a reunion in 
Gottingen to celebrate the appearance in Liebig’s Annalen der 
Chemie of his hundredth paper concerning the ethereal oils. When 
returning thanks, Wallach took the opportunity to describe the 
immediate cause of his original interest in these substances. In a 
cupboard in Kekulé’s private laboratory there had stood for fifteen 
years several unopened flasks containing ethereal oils, which Kekulé 
had procured for research purposes but had not used. Kekulé 
granted Wallach’s request for permission to carry out a research on 
the mysterious contents of the flasks, with the words: “‘ Yes, if 
you can make anything out of them ! ”’, accompanied by the ironical 
laugh that he gave only when he believed someone to be on the 
wrong track. 

The opinion of leading organic chemists in 1884 concerning the 
ethereal oils was similar to that which had been held very shortly 
before with regard to the synthesis of closed carbon chains. In 
May, 1929, in ‘the first Pedler Lecture, William Henry Perkin 
mentioned that Adolf v: Baeyer, as well as Emil Fischer and Victor 
Meyer, rated as very slight the prospect of synthesising small 
carbon rings. 

The difficulties which Wallach had to overcome in his first 
struggles with terpene mixtures were by no means small. But 
only a year after his first publication he was able to state that “‘a 
great many terpenes, formerly designated differently and alleged 
to be of various constitutions, are undoubtedly identical.” 

Before we turn to a detailed consideration of Wallach’s work, let 
us cast a glance over what had previously been accomplished by 
others. The first extensive researches in this field were carried out 
during the years 1852—1863 by Berthelot, who was particularly 
successful in working with turpentine oil and its: products of 
rearrangement. He was able to characterise d- and /-pinene, as 
well as d-, l-, and dl-camphene, the last of which he obtained by 
splitting out hydrogen chloride from pinene hydrochloride. He 
gave different names to the optical isomerides, however, and there- 
fore could not correlate them. To characterise the various pinenes, 
Berthelot used only the hydrochlorides. 

The first insight into the constitution of the terpenes was afforded 
by their transformation into aromatic compounds. In 1838, by 
the action of phosphorus pentoxide on camphor, Dumas and Péligot 





EN SS ee Se 


mm 





1586 RUZICKA : 


had obtained ‘‘ camphene,’ which was, however, nothing other 
than p-cymene. In 1847, Caillot obtained terephthalic acid by the 
oxidation of turpentine oil with nitric acid. It was then known 
that terephthalic acid is an aromatic compound, and Caillot pointed 
out the relation between turpentine oil and the aromatic series, 
but he had no idea about further details of structure, such as the 
nature of the side chains. 

Another step was taken when Barbier and Oppenheim, inde- 
pendently of one another, in 1872, ohtained p-cymene by the action 
of bromine on terpin, which itself resulted from treatment of 
turpentine oil with sulphuric acid. p-Cymene was then supposed 
to be p-methyl-n-propylbenzene, and hence Oppenheim assigned 
the formula (I) to pinene. This formula and that (II) given by 
Kekulé to camphor illustrate the state of constitutional formule 
at that time. 


OH, CH, 


On Ooo 


(I.) | - | (II.) 
‘4 
H,-CH,-CH, CH,CH,-CH, 


A further important observation was made in 1875 by Tilden, 
namely, the formation of a crystalline addition product from tur- 
pentine oil and nitrosyl chloride. Shortly afterwards, he and 
Shenstone found that the terpenes of the citrus oils also give a 
crystalline nitrosochloride. Both nitrosochlorides produced nitroso- 
derivatives by elimination of hydrogen chloride. Accordingly 
Tilden divided the natural terpenes into two groups : the turpentine 
and the orange group. 

This classification was, however, insufficient, since it was based 
on too small an experimental foundation. On the other hand, 
Tilden was right in his prediction that the number of terpenes 
would prove far less than that which one had assumed from the 
statements then found in the literature. He had also already 
correctly suggested that the apparent differcnces between the ter 
penes occurring in various plants would, in large measure, be 
traced to their optical isomerism. These results of Tilden were 
known in 1877, but he had not developed their relations any further 
experimentally. As with so many important advances in the 
history of science, despite his breadth of vision and energy, a single 
man was unable to pursue a correct idea to the end and persevere 
with the correct method of work. Tilden’s next step was a back- 
ward one in the determination of the constitution of the terpenes, 
for in 1878 he assumed all terpenes to be of aliphatic structure and 
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to differ from one another only in the position of the double bond. 
For example, he ascribed to pinene the formula (III), which is 
given side by side with the formula (IV) proposed in the same year 
by Armstrong. These formule serve to show still further the 
oscillating ideas of that time. The ideas underlying many of the 


ie oH 
Vo x 
(IIT.) cf yi CHa. Vs (IV.) 
CH CH, CH, C—CH, 
“cH \cH~ Now 
CH,°CH,-CH, \cHZ 


formule proposed during this period were partly correct, ¢.g., 
Armstrong’s formula for pinene. 

On the early history of terpene chemistry, Wallach commented 
in the following terms in a lecture which he delivered before the 
German Chemical Society in 1891: “.. . if one casts a glance 
over the old literature of the terpenes, it does not appear a par- 
ticularly enticing subject for investigation. There were isolated 
observations in almost incomprehensible abundance. The text- 
books listed a large number of terpenes which were designated by 
special names according to their origin and were held to be really 
different from one another in virtue of their physical: properties. 
As is to be seen from the literature, it may be that some of the 
investigators who had carried out extensive researches in this field 
of work had formed correct and definite ideas about the relations 
between the terpenes. Real clarity had been reached on no point. 
To introduce clearness into this widely branched and tangled 
subject, it was necessary to strive for the following : 

“(1) All terpenes that are really different from one another 
must be sharply and definitely characterised by their properties so 
that recognition and distinction of the chemical individuals might 
be possible without difficulty. 

‘“*(2) The behaviour and the mutual relations of the individual 
hydrocarbons must be explicable on the basis of such an exact 
characterisation. 

** (3) Only after the fulfilment of both of these preliminary con- 
ditions would it be possible to investigate successfully the individual 
compounds with regard to their constitution.” 

The first step in the diagnosis of the terpenes had been taken by 
Wallach before 1887. For this purpose he let several simple 
reagents act on the separate fractions of natural terpene mixtures, 
and investigated whether crystalline reaction products were thus 
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formed. Some of these reagents, such as hydrogen chloride, 
bromide, and iodide, nitrosyl chloride, and nitrogen trioxide, had 
been successfully applied earlier in isolated cases; others, such 
as bromine and nitrogen peroxide, Wallach used for the first 
time. 

Time-saving devices for the preparation of terpene derivatives 
were introduced by Wallach: Tilden’s gaseous nitrosyl chloride 
was replaced by acetic acid, ethyl nitrite, and concentrated hydro- 
chloric acid; the addition of hydrogen halide was found to be an 
almost instantaneous reaction in.acetic acid solution; the addition 
of bromine to an ordinary mixture of terpenes usually led to an 
amorphous mixture of bromides, but by the use of certain solvents, 
such as alcohol or acetic acid, the crystalline tetrabromides were 
precipitated, the amorphous products remaining in solution. 
These are only trifles, but taken together they were of essential 
importance for the success of the work undertaken by Wallach. 

With respect to the mechanism of the formation of some addition 
products various interesting observations were made. Before this 
time it was very incompletely understood how far the addition of 
hydrogen halide takes place with rearrangement. Wallach observed 
that the so-called pinene hydrochloride (in reality, bornyl chloride) 
is formed only in an anhydrous medium. Not until some thirty 
years later did Aschan show that the veritable liquid pinene hydro- 
chloride is formed below —10°, and that above this temperature it 
undergoes spontaneous rearrangement into bornyl chloride. Like 
pinene, in the absence of moisture limonene and dipentene also add 
only one molecule of hydrogen halide, but on the other hand, in all 
these cases, moist hydrogen halide leads to the formation of 
dipentene dihydrohalide. With respect to the previously men- 
tioned addition of nitrogen derivatives, it was determined that 
usually a nitroso-group adds to one carbon atom of the double 
bond and the remainder of the addendum to the other carbon; 
thus, NO-+Cl, NO+-ONO,, etc. It was observed that by the 
action of certain organic bases on the nitrosochlorides and. the 
nitrosates, the anion radical, Cl or ONO,, is readily replaced by a 
nitrogen-containing radical. The original bimolecular addition 
product is thus transformed into the unimolecular nitrolamine, 
containing added NO and NHR, which, in contrast to the initial 
products, usually showed a greater tendency to crystallise. 

The important result of three years of work, during which Wallach 
proved to be a real ‘“‘ busy bee,’ made possible the listing of eight 
terpenes which obviously differed from one another, each of which 
was characterised without ambiguity, in such a fashion that anyone 
following Wallach’s directions could again recognise it... These 
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eight individuals were pinene, camphene, limonene, dipentene, 
sylvestrene, terpinolene, terpinene, and phellandrene. 

Terpinolene was discovered by Wallach and terpinene had not 
previously been distinguished from other terpenes. 

Naturally, this classification was not final. It soon appeared 
that dipentene was nothing other than dl-limonene and should be 
omitted from the list. Pinene, terpinene, and phellandrene were 
recognised as mixtures of an a- and a $-compound. Forty years 
later it turned out that sylvestrene does not occur in nature, for 
Rao and Simonsen showed that the sylvestrene dihydrochloride 
used for its isolation is formed from carene present in the ethereal 
oil. Finally, it may be mentioned that the number of terpenes 
later recognised as well-characterised individuals, which occur less 
often in nature or which are artificially available, was increased by 
Wallach and others. Among the well-characterisable hydrocarbons 
we mention here only sabinene, the fenchenes, and the carenes. 

Naturally, Wallach also included the oxygenated terpene deriv- 
atives in his investigations. Indeed, it is the oxide cineole which 
formed the subject of his first publication in this field. Moreover, 
during the first few years, terpin and «-terpineol were particularly 
zealously investigated. They afforded a great incentive to research 
because of their close genetic relationship to the most important of 
the terpenes, pinene. 

Wallach also extended his researches to the sesquiterpenes, par- 
ticularly the two most widely distributed members, cadinene and 
caryophyllene. He soon abandoned work in this field, however, 
since his technique, which was so valuable for the terpenes, was 
insufficient for a more profound penetration into the systematisation 
and elucidation of the constitution of the sesquiterpenes. Wallach 
possessed the possibilities of only a single investigator and was 
opposed by the profuse multiplicity of nature. This he realised 
full well, and clothed the thought in the following expression, so 
typical of him: ‘ The investigation of the ethereal oils, of both 
the new and the known constituents, by one single man can embrace 
only an exceedingly modest territory in proportion to the inex- 
haustible material which the plant world affords us.’’ 

Let us now turn to the second point of Wallach’s programme. 
His fine instinct for the best line of research to be pursued is shown 
by the fact that, after characterising the individual terpenes, he 
considered the elucidation of their innumerable mutual relations of 
greater importance than the determination of their constitution. 
Long before Wallach, investigators who had dealt extensively with 
the subject had felt that many reactions in the terpene series are 
linked = rearrangement of the carbon skeleton. We need men- 
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tion only Berthelot’s conjecture that the transformation of pinene 
into camphene by passage through borny! chloride is linked with a 
double change in the carbon skeleton. Before Wallach, however, 
chemists had not gone beyond surmises on this question. Wallach 
therefore proceeded to investigate the cause, conditions, and direc- 
tion of isomerisation by an examination of the greatest possible 
amount of material. His more exact researches dealing with 
reactions employed for the characterisation of individual terpenes 
had already thrown light on these complex questions, as, for 
example, in the case already described of the action of hydrogen 
chloride on pinene, whereby a labile bond in a ring is broken. In 
most other cases the cause of isomerisation lay in a simple displace- 
ment of a carbon double bond, Wallach early recognised that the 
formule of the various possible dihydrocymenes should be con- 
sidered for the individual monocyclic terpenes. In 1887 he attri- 
buted the following formula to pinene : 


Hy; 


ae 
IN 
C,H, 


Far-reaching researches, then, soon showed that the isomerisation 
of terpenes takes place under the influence of strong acids or high 
temperature (some 200° and more), while alkalis in general are 
without influence, save when a double bond can wander in the 
neighbourhood of a carbonyl group. 

The determination of the direction of isomerisation was closely 
related to partial clarification of the constitutions of the products 
concerned. To-day, the course of isomerisation is still far from 
being elucidated in all the cases investigated. The reason for this 
is that an equilibrium is often established during isomerisation, and 
we are unable to carry out an exact estimation of the individual 
components of the equilibrium mixture so formed. In the majority 
of cases, however, it has been possible to determine correctly the 
principal course of isomerisation. 

A double bond in the ring between two CH-groups wanders by 
preference into the position -CH=C(CH,)-. Double bonds outside 
the ring wander into it, especially easily those directly attached to 
the ring itself, the so-called semicyclic double bonds. In the 
majority of cases, acid reagents proved to be distinctly more 
powerful instigators of wandering than elevated temperature. 

In the collection of his work dealing with terpenes and camphor, 
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published in 1909, Wallach assembled fourteen pages of tables of 
the most important transpositions which he had carried out with 
the most varied representatives of the terpene compounds. As an 
example, we shall quote here only the historically important table of 
those transpositions of pinene known at the time of its publication 
in 1891. 


Pinene ——-> Dipentene —-> Terpinene —-> Terpinolene 
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In 1884 Wallach had plunged into work in a neglected garden so 
overrun with weeds that the useful plants could not thrive. Many 
good gardeners had already attempted to improve its condition, 
but each had soon damaged his hands and the weeds had begun to 
flourish again with renewed vigour. Ought we to reproach Wallach 
that, in his cleaning and ordering of the garden, he did not rely 
exclusively on the tools which he had brought with him, but also 
used those left lying there by his predecessors, if they still appeared 
serviceable for accomplishing his ends? To be sure, it was often 
necessary for him to make a fundamental repair in these corroded 
tools, or to use them in other ways than his predecessors had done. 
After about the beginning of 1890, the garden was well weeded 
and it soon enticed other gardeners to investigate the conditions of 
life and the properties of the plants, and to determine their species. 
Among them there were many old gardeners who knew from 
experience how bad the conditions in the uncultivated garden had 
been. There were also many new workers who, untroubled by the 
former times, delighted in the new order. They all owed gratitude 
to the chief gardener whose activity had opened to them a field in 
which they might work for many years. 

First of all should be mentioned Tiemann and Semmler in Ger- 
many and Barbier and Bouveault in France, who took over a 
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portion of terpene chemistry for the investigation of which Wallach 
had not found time, namely, the aliphatic series. Among those 
working with the cyclic compounds, v. Baeyer, Bredt, and Wagner 
should be especially mentioned. It is impossible to consider all of 
this work thoroughly in a short lecture. All that can be done is 
to point out cursorily its principal foundations. We shall there- 
fore sketch very rapidly its further development, considering only 
a few selected examples of the last steps leading to the final 
results. 

In the formule for the terpenes presented up to the year 1891 
we find the side chain containing three atoms of carbon written as 
C,H,. The question whether this might be @ »- or an iso-propyl 
group depended strictly on the constitution of p-cymene, since the 
chemist was not sufficiently advanced with the analysis of any 
single terpene to be able to decide the nature of the side chain on 
the basis of the results of degradation reactions. Owing to a series 
of errors and false assumptions one was inclined to the view that 
p-cymene contained a n-propyl group, until in 1891 Widmann 
cleared up the errors and conclusively established the presence of 
an isopropyl group in this compound. Hence the first possibility 
was afforded of attacking the complete clarification of the con- 
stitution of the terpenes. In 1887 Wallach had already considered 
the possibility that the terpenes might be built up from isoprene 
nuclei. He was not entirely convinced, however, of the general 
correctness of this hypothesis, for in the same paper he discussed 
the possibility of the existence of terpenes with a n-propylene 
group. Before 1887 the composition of no single compound of the 
terpene series from isoprene residues had been determined. It is 
true that Bouchardat had observed in 1875 that dipentene is formed 
by the polymerisation of isoprene. Apart from this case, in which 
it was not possible to be certain of the purity of the isoprene used, 
Wallach first succeeded in proving the identity of dipentene with 
dl-limonene in 1888. 

Thus the carbon skeleton of those terpenes and their derivatives 
which could be transformed into p-cymene was determined. There- 
after determinations of the exact formule followed in rapid suc- 
cession. First came the pulegone and menthol groups. Beckett 
and Wright had carried out the transformation of menthol into 
p-cymene in 1876, and in 1891 Beckmann and Pleissner succeeded 
in reducing pulegone to menthol by sodium and alcohol. When, in 
1892, Semmler obtained $-methyladipic acid and acetone by oxid- 
ation of pulegone, he was able to propose the following formulz 
for menthol (VI) and pulegone (V) with a very great degree of 
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probability. Their accuracy has been proved by all subsequent 
researches. 


. na (ye 


(V.) (VI.) (VII.) 


In 1893 followed the establishment by Bredt of the correct 
formula for camphor (VII), it having been preceded by more than 
thirty incorrect formule proposed by earlier workers, 

The clarification of the stryetures of pulegone, menthol, and 
camphor was only a single case, The real harvest from the per- 
sistent work of Wallach was reaped in 1895, when, with a single 
stroke, the structure of an entire series of terpene compounds was 
elucidated. It followed as a result of Wallach’s principle, already 
mentioned, of establishing clearly the relations existing between 
the greatest possible number of compounds of the terpene series by 
clarifying their reciprocal rearrangements into one another. Each 
success with one member of such a group had, automatically, to 
affect the others. The centre of this series was «-terpineol, for 
which the following formula (VIII) was demonstrated simultaneously 
by Wallach, and Tiemann and Semmler. 
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This formula had oa been proposed by ol in the 
preceding year. Oxidation of «-terpineol with potassium per- 
manganate yields a keto-lactone which, by further oxidation, is 
transformed into acetic acid and terpenylie acid. The latter was 
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reduced by Schryver to §-isopropylglutaric acid by means of 
hydrogen iodide. Since dehydration of «-terpineol by potassium 
hydrogen sulphate gives dipentene, the Wagner formula for limonene 
(IX) received further support. The transformation of limonene and 
«-terpineol into carvone by various methods led to the clarification 
of the structure of this ketone. Of these transformations we may 
mention here the preparation by Tilden and Shenstone of nitroso- 
limonene, whose identity with carvoxime (X) was proved in 1885 by 
Goldschmidt and Ziiner. 

The determination of the structure of «-terpineol led to the 
clarification of the constitution of other genetically related com- 
pounds. Of these, only pinene need be mentioned. By treatment 
of «-terpineol bromide (XI) with silver hydroxide, pinol was formed, 
besides other products. Wallach also found pinol as a by-product 
in the preparation of pinene nitrosochloride : 
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The observations of Wallach led Wagner in 1894 to propose the 
formula for «-pinene (XII) which imitated the Bredt camphor formula. 
This proposed formula was verified by later research. The charac- 
teristic development during the years 1893—-95 was the realisation 
that the isopropyl group, formerly assumed unsubstituted in all 
terpenes, usually bore either a double bond or a hydroxyl group, or 
in some cases, as pinene and camphor, was joined to the ring by a 
second linkage. In 1894 this formula for pinene was still by no 
means definitely determined, and Wagner himself modified it again 
in the following year. In 1896 evidence was again contributed by 
Baeyer to the accuracy of Wagner’s formula of 1894 by the degrad- 
ation of pinene to pinonic acid, and further, to pinic acid. This 
formula was accepted by Wallach as the best expression for the 
reactions of pinene, although he remarked: “ This formula is not 
yet entirely satisfactory ... namely, the formation of pinol 
hydrate by oxidation of pinene with oxygen is not at all clear.” 

Pinene is one of those compounds whose properties are not com- 
pletely expressed by our customary method of formulation. With 
this terpene it is necessary to conclude, in the words of Wallach, 
that ‘ The habit not only of speaking of the bonds between atoms 
in a molecule, but also of expressing these ideas by constructing 
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rigid models, will certainly some day be considered a stage in the 
development of chemical theory which has been overcome. On 
the other hand, exact and reliable experimental determinations 
will always retain their value.”’ 

Arguing on the grounds of historical truth, on this occasion 
Wallach refuted the “ lapidifie statements, frequently found in 
newer work, that the constitution of this or that compound of the 
terpene series has been determined by this or that chemist.” “I 
believe one may say that, for none of the substances under con- 
sideration, what to-day is assumed to be correct with regard to its 
structure has been ascertained at a single blow.’ ‘“ The pro- 
position of a formula has significance, above all, as a hypothesis 
helpful to experimental research. Whether a man publicly pro- 
poses his working hypothesis or not is entirely a matter of tempera- 
ment.” “Naturally it may happen that among the formule 
proposed—easy, indeed, to design on paper—the ‘correct’ one 
exists. If a formula, however, suggests no new idea, its mere 
proposal must be less valuable than work leading to the recognition 
that it is really tenable.” 

Wallach was in fact not the quickest in the race for the proposal 
of correct constitutional formule, nor indeed could he be, because 
of his character. Those which he proposed at first were particularly 
for the purpose of orientation. After having suggested them, he 
sometimes neglected to propose modifications which might be more 
nearly in accord with the results of later experimental investiga- 
tion, and the formulz were often developed by others. The 
majority of these correct formule he may himself have considered, 
but as critical sovereign connoisseur of the subject and all its 
difficulties he perceived possible objections which made him 
hesitate to advance their publication first. Often, however, it 
was he himself who offered the final experimental proof of such 
formule proposed by others, and he hesitated to accept a formula 
before it had been really proved. 

About the year 1895 the heroic times in terpene chemistry ended 
and Wallach ceased to play the réle of the pioneer. We can, in 
large part, pass over his later work and merely point out briefly a 
few of its more striking features. These should include the two 
investigations dealing with various dicyclic representatives of the 
terpene series and with simple alicyclic compounds. It is obvious 
that Wallach’s extensive occupation with the terpenes must soon 
have led him to turn his attention to their simple analogues. 

Wallach used experiments with the simple alicyclic five- and 
six-membered rings as models for his researches on their com- 
plicated analogues of the terpene series; in particular, for the 
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study of isomerisation reactions involving shifting of the double 
bond or rearrangement of the ring. 

Among Wallach’s newly begun later researches in the terpene 
series, those with thujone and fenchone may be mentioned. His 
work on thujone ran parallel with that of Semmler on tanacetone, 
which two compounds, in the course of the researches, were recog: 
nised as optical isomerides. In both cases, Wallach again proved 
to be the cautious experimenter who left the proposal of the correct 
formule for thujone and fenchone to the younger and more enter- 
prising Semmler. 

In the conviction that enough material for the justification of 
the old formule had not been advanced, Wallach remained con- 
stantly occupied with his old researches until his final years. He 
had begun as a busy bee; as such he ended. 

Wallach’s work found recognition everywhere. In 1889 he was 
called to Géttingen as successor to Victor Meyer. There he retained 
the direction of the Chemical Institute until 1915. During the 
entire time, he lived near the laboratory in the old home of Friedrich 
Wohler. As a rare exception among the great German chemists, 
Wallach remained a bachelor. 

In foreign countries Wallach received more special recognition 
by his English colleagues. In 1908 he was elected Honorary Fellow 
of the Chemical Society, and in 1909, Honorary Doctor of the 
University of Manchester. His native country did not lag behind 
in paying him honour: he became Honorary Doctor of the Univer- 
sity of Leipzig and of the Technological Institute of Braunschweig 
and in 1912 the Verein Deutscher Chemiker also nominated him to 
honorary membership, and the Deutsche Chemische Gesellschaft to 
its presidency. As pioneer, par excellence, in organic chemistry, 
Wallach was awarded the Nobel Prize in 1910. 

Was Wallach a genius? With regard to this query, recently 
raised, I believe that we can comprehend Wallach’s personality 
better by studying his place in the history, not only of the terpenes, 
but of organic chemistry in general, than by trying to find a label 
which may be glued to him. Picture organic chemistry with 
Wallach’s work removed—what a gap is left! When I say this, I 
think not only of his results in the field of the terpenes but also of 
his method of attack. He approached his problems, not with 
brilliant theoretical speculation, but only with an extremely sensi- 
tive recognition of the correct lines of work and of their technique, 
and followed with severe perseverance those paths which alone 
could lead to the goal. Wallach’s highest ideal was not theory, 
not the formula, but carefully and reliably performed experiment. 
In this respect, he resembled his two great compatriots, Emil Fischer 
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and Adolf von Baeyer. He differed, however, in one essential 
point from them. While they accomplished much by the synthesis 
of natural compounds as well as by their analysis, Wallach was 
primarily the analyst. If, to use his own words, the methods of 
analysis in organic chemistry have reached so high a degree of 
perfection that it ‘“‘ has become possible to follow an analytical 
procedure therein with the same degree of certainty as the search 
for the elements in an inorganic substance,” it is to a great extent 
a service rendered by Wallach. 

We can conclude our review of the life work of Wallach in no 
more fitting way than by recalling the man who was in many 
respects the complement of Wallach in the history of the chemistry 
of the terpenes, as well as of organic chemistry in general, namely, 
the great synthesist William Henry Perkin, founder and unrivalled 
master of alicyclic synthesis, to whom, by the artificial preparation 
of «-terpineol and dipentene, it was particularly assigned to give 
the final crowning glory to the work of Wallach. 





214. The Selenates of Lanthanum and their 
Solubilities in Water. 


By Jonny ALBERT NEWTON FRIEND. 


SzvpraL hydrates of lanthanum selenate were described by Cleve 
(Bull. Soc. chim., 1874; 24, 196) and by Frerichs and Smith 
(Annalen, 1878, 191, 361). As in several cases the analyses are 
either not given or are incomplete, and as the data are somewhat 
at variance, it seemed desirable to check and extend this early work 
and to determine the solubilities of the salts in water. 

The lanthanum selenate was prepared by dissolving ignited 
lanthana in diluted selenic acid and crystallising it on the water- 
bath. The salt is only slightly soluble in boiling water, and the 
dilute mother-liquor was poured off and used in preparing further 
batches. 

The lanthana was purchased from Messrs. Hilger; spectroscopic 
examination by Dr. S. Judd Lewis showed that it contained only 
the merest traces of cerium, praseodymium, and neodymium. 
Traces of terbium were also present, but chemical analysis showed 
that thorium was absent. In order to ensure the removal of any 
other contamination, such as chloride, which cannot be readily 
detected with the spectroscope, the lanthana was dissolved in 
dilute nitric acid and the clear solution, which did not require 
a a raised to boiling, lanthanum oxalate being precipi- 

F 





1598 FRIEND : THE SELENATES OF 


tated with boiling oxalic acid solution. After being filtered, washed 
and dried, the oxalate was ignited to oxide. 

The selenic acid was purchased as pure and found to be free from 
sulphuric acid and halogen derivatives. 

Solutions of lanthanum selenate proved to be slightly more stable 
than those of neodymium selenate, but analysis of both the solid 
and the liquid content of the saturation bottle after certain solubility 
determinations, particularly those at the higher temperatures, 
showed that hydrolysis had taken palce. This is referred to later. 

Some acid solutions on warming gave an appreciable deposit of 
insoluble lanthanum selenite, as though some catalyst were present 
accelerating the reduction. One batch of material was discarded 
for this reason although it appeared to be quite pure. A similar 
reduction was noticed with neodymium selenate (Friend, J., 1931, 
1802). 

As with the selenates of neodymium, the rate of transformation 
of one hydrate into another is often slow, some of the hydrates 
existing very persistently in the metastable region. This is well 
indicated in one case by the broken line in the figure. 

Method of Analysis.—One of the most convenient and accurate 
methods of estimating lanthanum consists in precipitation with 
excess of oxalic acid and ignition to oxide, with observance of the 
precautions already given in connexion with neodymium salts 
(Friend, J., 1930, 1633). The precipitate of lanthanum oxalate 
was neither so granular nor quite so easy to filter and wash free 
from adsorbed material as neodymium oxalate. Considerable 
excess of oxalic acid was taken, as recommended by Kolthoff and 
Elmquist (J. Amer. Chem. Soc., 1931, 53, 1225; see also Backer and 
Klaassens, Z. anal. Chem., 1930, 81, 104; Sarver and Brinton, J. 
Amer. Chem. Soc., 1927, 49, 943). The volumetric method of 
precipitating as oxalate and titrating with permanganate (Kolthoff 
and Elmquist) was not adopted because contamination of the 
solution with manganese salts renders the subsequent recovery of 
the lanthana more arduous owing to adsorption of manganese 
compounds. The selenium was usually determined in separate 
samples by boiling with concentrated hydrochloric acid to reduce 
to selenite, precipitating the element with sulphur dioxide, and 
collecting it on a sintered-glass filter. The selenium was washed 
with hot water and alcohol, dried in an electric oven at 120—130°, 
and weighed. 

In order to conserve material, it was hoped that it might be 
possible to estimate both lanthanum and selenium in the same 
sample, as was done with the corresponding neodymium salts 
(Friend, J., 1931, 1802). The method worked satisfactorily if the 
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selenium were removed first, in which case the filtrate was taken to 
dryness on the water-bath, the residue dissolved in water, and the 
lanthanum precipitated with oxalic acid or a mixture of this with 
ammonium oxalate. Alkali-metal oxalates were not used owing to 
their tendency to be adsorbed by the precipitate (Kolthoff and 
Elmquist, loc. cit.). The following results are typical : 


Direct pptn. from selenate (g. La,O,)... 0°3526 0-3180 0-3614 0-2286 
Pptn. after removal of Se (g. La,O,) ... 0°3523 0-3169 0-3604 0-2271 

The results were invariably about 1 mg. too low by the second 
method, but the difference was too minute to affect the solubility 
data. Precipitation of the selenium after removal of the lanthanum 
did not proceed so satisfactorily as with the neodymium salts. 
Sometimes the results were good but sometimes they wereappreciably 
too low, probably on account of adsorption by the precipitated 
oxalate. The subject was not further investigated, but the following 
results are typical of the best : 


Direct pptn. from selenate (g. Se) ...... 02842 0-1735 0-0688 0-1353 
Pptn. after removal of La (g. Se) ...... 0-2848 0-1728 0-0670 01310 

This method, therefore, was only used as a check. 

Anhydrous Lanthanum Selenate, La,(SeO,),.—According to Cleve 
(loc. cit.), this salt is obtained by heating one of the hydrates to 
185°. This was found to be substantially true, although it is 
difficult if not impossible by mere heating to remove the last traces 
of water without causing partial decomposition of the salt, as was 
found to be the case with neodymium selenate.. In one experiment, 
0-8 g. of the pentahydrate was heated for 8 hours in a platinum 
dish in an electric oven at 180° and for a further 4 hours at 200°. 
At intervals the dish was removed and weighed and after each 
heating showed further small losses. 

Pentahydrate, La,(SeO,),,5H,O.—Cleve stated that the hexa- 
hydrate loses 1 mol. of water at 100°, but gave no analytical data. 
On taking a solution of lanthanum selenate to dryness on a water- 
bath in a platinum dish, a residue of constant weight is rapidly 
obtained consisting of minute, needle-shaped, colourless crystals. 
A few typical analyses are as follows : 


Calc. for 
(1). (2). (3). La,(SeO,),,5H,0. 
SE 40-64 39-97 40-22 40-85 
agg th dle oa ak 47-48 49-00 48-31 47-85 
Water (by diff.), % ...... 11-88 11-03 11-47 11-30 
Ratio La,O,:Se ........, 1-373 1-354 1-337 1-371 


The salt dissolves in water with considerable heat evolution. 

Hexahydrate, La,(SeO,)3,6H,O.—Cleve obtained and analysed a 
substance corresponding to this composition. It gradually results 
upon spontaneous evaporation of an aqueous solution or by exposure 
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of the pentahydrate to moist air. In dry ait it loses water, and on 
the water-bath readily yields the pentahydrate. The following 


analyses are typical : 
Cale. for La,(SeO,);,6H,0. 


Pen: Tor coevappeaven sveres 40-21 39-12 39-95 

appssbgewecsosesssode 47-00 46-98 46-79 

H,O (by diff. ), 3° sbebevdes 12-79 13-90 13-26 
Ratio La,O,:Se ......... 1-373 1-337 1-371 


The results fluctuate considerably with the humidity of the air. 

Dodecahydrate, La,(SeO,)5,12H,O.—This salt was stated by 
Frerichs and Smith to be obtained by dissolving lanthana in selenic 
acid and evaporating it on the water-bath. They gave an analysis 
in which the lanthanum but not the selenium was estimated. The 
description of the method of preparation is misleading, for 
evaporation to dryness on the water-bath yields the pentahydrate, 
as mentioned above. The dodecahydrate is only stable in contact 
with its saturated solution above 43°; its solubility rapidly falls 
with rise of temperature, as shown in the figure, so that it is readily 
obtained in a pure condition when a slightly acid, concentrated 
solution below 40° is heated to about 80°, as shown by the first 
analysis below. The remaining analyses represent the composition 
of the solid phases in the saturation bottle at the temperatures given ; 
the basic nature of the salts, particularly that obtained at 100°, 
due to hydrolysis, will be noted. 


Calc. for 
Temp. — 81-6°. 83-6°. 93-4°. 98-4°. 100°. La,(SeO,),,12H,0. 
18,05, f° idevesdes 3560 36°28* 34-67 36-68* 35-56 365-41 35-28 
= eee 41:24 41-41 39-78 41-83 40-53 39°66 41°32 
H,0 (b oe ed )» se 23-16 22-31 26-58 21-49 23-91 24-93 23-40 
Ratio La,O,:Se 1-387 1/406 1-309 1-409 1-409 1-434 1871 


* Calc. for La,(SeO,),,10H,O : La,O,, 36°71%. 


Normally, upon exposure to air, even very moist air, the salt loses 
water, being slowly converted into the hexahydrate. Transform- 
ation of the pure salt may be suspended, however, for prolonged 
periods. In one case the salt was kept for several days in the dry air 
of the author’s office without change; but this only happened once. 

It is probable that the (apparently unanalysed) salt stated by 
Cleve to be the decahydrate and obtained by spontaneous evapora- 
tion of the aqueous solution was in reality this dodecahydrate. 
No clear evidence has been obtained of the existence of a hydrate 
intermediate between this and the hexahydrate, although on two 
occasions analyses of salt believed to be the dodecahydrate approxi- 
mated more closely to the decahydrate. Probably this was due to 
partial dehydration, but the possible existence of a decahydrate is 
not excluded. 

Higher Hydrates.—More highly hydrated salts do not crystallise 
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easily. The putty-like residues in the saturation bottle after deter- 
mination of the solubilities at the temperatures mentioned below 


were dried between filter papers and analysed. 
Cale. for 
a, 


Temp. 0°. 0-6°. 9-6°. 25-4°. 35°. 22H,0. 24H,0. 


SA WF sierssiass82 30-61 28-84 29-77 29:55 28-13 29-62 28-58 
se * at 33-70 33-98 33-62 3857 34-69 34:57 33-48 
H,O (by diff.), %... 3569 37-18 36-61 36-88 37-18 36-91 37-94 
Ratio La,0, : Se ...... 1-460 1-363 1-422 1-414 1-297 1-371 1-371 


Several of the salts are distinctly basic. The analyses approxim- 
ate to that calculated for the 22-hydrate, thus closely resembling 
those of the neodymium residues at similar temperatures. The 
fifth salt at 35° was distinctly acid, and was obtained from the 7-8% 
acid solution shown in the solubility table. 

Determination of Solubility —The apparatus used was similar 
to that described for neodymium sulphate (Friend, J., 1930, 1633). 
In general the saturated solution, after being weighed, was diluted 
to 250 c.c., and two lots of 50 c.c. each were taken for analysis. 
In the one the lanthanum was precipitated, in the other selenium. 
Usually the filtrates were worked for selenium and lanthanum 
respectively as a check on the results. When the differences were 
slight, the first data were regarded as correct; when the results 
diverged appreciably the estimations were repeated with fresh lots 
of solution. In every case the amount of selenium in solution was 
determined as well as the lanthanum. Owing to hydrolysis, the 
saturated solutions were usually slightly acid when crystals of pure 
neutral salt had been initially taken; the extent of acidity appeared 
to vary with the temperature and with the relative amount of 
solution and excess salt; probably a true equilibrium was not 

attained between the solid and liquid phases in the 4—5 hours’ 
stirring allowed for saturation; if so, this would account for the 
difficulty experienced in obtaining accurate repeat results. In the 
following table, S represents the solubility as g. of anhydrous 
lanthanum selenate per 100 g. of solution. The theoretical value for 
the ratio La,O, : Se is 1-371. 


(Crystals initially neutral or very slightly basic.) 


Solid phase La,(SeO,),,Aq. Solid phase atthe 
Temp. 8S, La,O, : Se. Temp. La,O;: 

0-0° 33-55 1-380 36-4° _ -00 1-373 
0-6 32-87 1-377 46-2 27-54 1-347 
9-6 30-90 1-387 51-4 23-37 1-395 
15-0 30-84 1-378 59-4 15-92 1-342 
21-8 31-31 1-389 69-4 8-51 1-318 
25-4 30-54 1-398 78°2 5-02 1-269 
33-6 31-29 1-385 81-6 3-78 1-275 
40-6 31-15 1-354 92-4 1-93 1-568 


93°4 1-97 1-319 
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(Free selenic acid added to solution.) 


SE Sock sssosstictend 35° 35° 35° 83-6° 83-6° 
Free H,SeO,,% ... 0 2-08 7-80 0 1-68 
BF bec dnssesececes 31-2" 28-96 24-07 3-25* 4-81 


* Calculated. 






~ 
i) 


Nd, (SeO, ),. 
bH,0 "> 


bo 
> 
' 


La,(SeO,);, g. per 100 g. of solution. 
S 
' 





i i =? iL j 
0° 20° 40° 60° 80° 100° 
Temperature. 





The foregoing results are shown in the figure, together with the 
solubility curve for neodymium selenate. Although neodymium 
sulphate is 2-5—3 times as soluble as lanthanum sulphate between 
0° and 45°, there is little difference between their selenates at these 
temperatures. The transition point between the dodeca- and 
the higher hydrate lies at approximately 43°. 

Increase in the concentration of free acid at 35° reduces the solu- 
bility. The results do not indicate whether or not traces of acid 
increase the solubility, as was observed with lanthanum sulphate 
(Wirth, Z. anorg. Chem., 1912, 76, 174) and neodymium sulphate 
(Friend, J., 1930, 1633) at these lower temperatures. At higher 
temperatures, ¢.g., 83-6°, the solubility is increased by the presence 
of acid, as was observed with neodymium sulphate. 


In conclusion, the author desires to acknowledge the assistance of 
Mr. D. J. Munns, who has carried out several of the analyses. 


THe TECHNICAL CoLLEGE, BIRMINGHAM. 
[Received, April 6th, 1932.] 
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215. The System Potassium Carbonate-Ammoma-— 
Water. 


By Matcotm P. AppLeBEY and Marcaret A. LEISHMAN. 


THE occurrence of two liquid coexistent phases is observed in few 
inorganic systems, being confined mainly to systems in which 
ammonia forms one component. Salting out of ammonia has been 
observed with the following inorganic salts: Potassium carbonate 
(Proctor, Chem. News, 1864, 9, 25; Newth, J., 1900, 77, 775; 
Pauly, Ber., 1923, 56, 1454); rubidium and cesium carbonates 
(Pauly, loc. cit.); sodium silicate (Proctor, loc. cit.); tripotassium 
phosphate and potassium vanadate (Jinecke, Z. physikal. Chem.., 
1927, 127, 71); zine sulphate (André, Compt. rend., 1885, 400, 
241). 

Only the tripotassium phosphate system has been studied quanti- 
tatively, Jénecke having determined the complete isothermal at 0°, 
the composition of the two layers in equilibrium with the solid salt 
at 15° and 25° and the vapour pressure of the monovariant system 
salt-two liquids-vapour from 0° to 30°. Recorded observations 
on the remainder of the above systems are in general only qualitative. 
In this and the following communication the results of an extended 
phase-rule study of two further systems of this type are recorded. 


EXPERIMENTAL. 


Solubility Determinations.—Merck’s pure potassium carbonate 
was found to be free from impurities except water and a little bi- 
carbonate. After recrystallisation from water and ignition, the 
bicarbonate content was reduced to 0-57%. Solutions were pre- 
pared in electrically controlled thermostats at 25-06° and 18-05° 
with a maximum variation of 0-05° and in a bath of pure ice. 
Stirring was effected either by mercury-sealed stirrers or by @ 
stream of ammonia gas obtained from a cylinder and preheated to 
the experimental temperature by passing through a long coil 
immersed in the thermostat. The systems were stirred for at 
least 6 hours and usually for 12; preliminary experiments showed 
that such a time was adequate. After standing in the thermostat 
till the liquid layers were quite clear, the liquids were blown over 
through a glass-wool filter into a transfer bottle also contained in 
the thermostat. When the lower layer was to be investigated the 
tube leading to the transfer bottle was closed by a thin bulb which 
was broken by pressing against the bottom of the solubility bottle ; 
in this way transference of any of the upper layer was avoided. An 
accurately calibrated pipette previously brought to the experimental 
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temperature was then used to remove samples from the transfer 
bottle. Its contents were run out into a weighed bottle of water 
whose increase in weight gave the weight of a measured volume of 
the solution under investigation and thus its density. In order to 
avoid loss of ammonia, all transferences and fillings of pipettes 
were performed by pressure and not by suction. Systems whose 
ammonia pressure exceeded atmospheric were made up by passing 
ammonia into a stirring bottle with an exit tube dipping under 
mercury of suitable depth. Solid samples for “ rest ’’ determin- 
ations were removed by a perforated ladle. In systems containing 
no ammonia the solid was freed from adhering liquid by pressing 
on filter paper; otherwise it was transferred as rapidly as possible 
to a weighing bottle containing a weighed quantity of water. The 
solutions were analysed for total alkali and ammonia by standard 
methods. 

The composition of the vapour phase over the systems investi- 
gated was not determined except for the 4-phase systems. The 
partial pressure of ammonia rises from zero in the purely aqueous 
systems to approximately the vapour pressure of ammonia at the 
point which represents the solubility of potassium carbonate in 
anhydrous ammonia. An approximate ‘determination of this 
point at 18° was made by sealing a small quantity of carefully 
dehydrated carbonate in a strong-walled tube into which dry 
ammonia had been liquefied. On keeping the tube at 18° for some 
hours, no noticeable diminution in the amount of salt was observed, 
and when the tube was cooled in carbon dioxide and ether as rapidly 
as possible, opened, and the clear decanted liquid evaporated, only 
a small trace of solid remained, viz., 0-16 g. in 100 g. of solution. 
This may be taken as an upper limit for the solubility of the salt in 
ammonia. In all experiments the vapour phase was brought to 
equilibrium by maintaining a supply of ammonia at a fixed pressure 
until the concentrations showed no further change. Systems 
whose ammonia pressure was less than atmospheric were, of course, 
subject to a certain air pressure in the solubility bottles but it may 
safely be assumed that the errors so produced are negligible. 

The results at the three temperatures are given in the following 
tables. The data for the solid phase refer to the wet solid analysed 
for the purpose of identifying the hydrate of potassium carbonate 
by the “‘ rest’ method. The results given for the solubilities of the 
salt in water and for the four-phase points are in each case the mean 
of at least four closely concordant determinations. 

The concentrations are in each case expressed in g. per 100 g. of 
solution. Densities are recorded at 0° and 18°, from which volume 
concentrations may be calculated. 























POTASSIUM CARBONATE—-AMMONIA-—WATER. 
Aqueous layer. Ammoniacal layer. Solid, 
d. NH;. K,CO,. 4. NH;. K,CO,. NH,. K,CO,. Phases. 
Temperature, 0°. 
1539 — 50-69 -- = --- — 75-23 
1-517 1-06 49-37 — — — 0-52 64-91 | Dihydrate, solution, 
1-507 1:57 48-84 - — — 065 65-79[ vapour. 
1-483 2-51 47-42 —_— — —_— 1-38 62-12 
1-475 2°52 47-13 0-901 32-07 2-72 —_ — Ding dretes two 
solutions, vapour, 
1-421 3-26 42-54 0-928 27-41 2-99 — — 
1-371 3-70 39°44 0-946 2459 3-73 — ; 
1-340 4-41 35-95 0-968 2202 6-84 — — }1wo solutions, 
1-240 6-91 28-92 1-038 16-17 1244 — - — 
1-109 12-09 18-51 1-109 12-09 18-51 -—— —_ 
(Critical solution) 
= —— a — 42-9 2-3 24-1 34-7 Dihydrate,solution, 
vapour. 
Temperature, 18-05°. 
1-550 — 61-72 _- —- = _- — )Dihydrate, solution, 
— — — — 6195 2-10 —_ — vapour. 
1-455 2-88 46-50 0-894 30-48 4-76 — — Dih te, two 
solutions, vapour. 
1-407 2-75 43-60 0-917 27-24 5-98 — — 
ras $e uy Say sere ets bao ate 
re men 7 ee Ly apour. 
1-351 4:14 39-31 0-950 23-08 8-87 — —_ * 
1-104 12-74 21-05 1-104 12-74 21-05 _— —— 
(Critical solution) 
Temperature, 25-06°. 
1556 — 61-47 -- -- oo — 73°26 
— 0-550 50-91 o— ~ = 0-372 58-95 
— 1-004 60-71 —- — 0672 59-14| Dihydrate,solution, 
— 1-286 50-30 _ — 0-975 58-66| vapour. 
— 1-842 49-77 —- —- 1-060 61-13 
— 2-885 48-79 — —- — 1-974 55-90 
— 3-450 47-00 30°85 4-83 — —  Dihydrate, two 
solutions, vapour. 
— 479 40-69 — 25-81 7-48 —_ — 
— _— —_ — 2569 17-83 — —.|{Two solutions, 
— 6-04 36-36 — 21-98 10-85 — — vapour. 
— 819 30-94 — 8-19 30-94 — —_ 
(Critical solution) 
The results at 0° are represented by Fig. 1. At the higher 


temperatures the results are very similar. 


The concentrations of 


the conjugate solutions saturated with solid alter little with temper- 
ature. The point representing the critical solution, however, moves 
further from the line of the saturated solutions as the temperature 
falls, so the area of separation into two liquid layers increases with 


fall of temperature. 


Repeated attempts were made to find the upper critical tempera- 
ture above which coexistence of two liquid layers with solid and 









vapour no longer occurs. For this purpose a strong-walled tube 
was charged with a two-layer system and a quantity of salt, sealed, 
and gradually heated in an oil-bath with frequent shaking. At 
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155°, the highest temperature reached, the two layers still persisted 
and appeared to have appreciably different densities since they still 
separated rapidly after shaking. We therefore conclude that the 
upper critical solution temperature is probably considerably above 
155°. 

The Stable Hydrate of Potassium Carbonate.—The only hydrate 
of potassium carbonate stable under ordinary conditions has been 
variously formulated as K,CO,,2H,O or 2K,CO,,3H,0, authorities 


Fie, 1. 
K,CO, 




















NH, 


being almost equally divided. As, however, the evidence put 
forward depends only on analysis of the very soluble salt imperfectly 
separated from its mother-liquor and dried by more or less intensive 
methods, the uncertainty is not unexpected. The opportunity of 
triangulation with a third substance which this investigation affords 
is sufficient to show that the stable hydrate is the dihydrate. The 
method of plotting employed in Fig. 1 is unsuited to show this, 
since the tie-lines between the saturated solutions and corresponding 
wet solids would be crowded towards the K,CO,-H,O side of the 
triangle. The relevant figures have therefore been plotted again in 
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Fig. 2 as molecular percentages with the assumed molecular weights 
corresponding to the formule NH,,(K,CO;),9, and (H,O),9. This 
device spreads out the tie-lines and makes it clear that at both 
temperatures studied the salt is a dihydrate. 

The Vapour Pressure of the Four-phase System.—It was observed 
in performing the solubility experiments that the system of two 
liquid phases in contact with the solid salt could be easily maintained 
at 0° and at 18°, but that at 25° the pressure inside the solubility 
bottle had to be raised above atmospheric to maintain the upper 
liquid layer as a stable phase, The system is univariant, so that a 
definite equilibrium pressure exists for each temperature. The 


Fie. 2. 
Molecular percentages (enlarged scale for NH,). 


























H,O NH, H,0 


observations referred to seemed to show that this equilibrium 
pressure exceeds one atmosphere at some temperature between 
18° and 25°. 

The equilibrium pressure was measured over the range 0—30° 
by means of the apparatus shown in Fig. 3. The bulb A was first 
charged with dry salt and thoroughly evacuated through the tube Z. 
The rubber connexion was then made, the manometer tube charged 
with mercury, and strong ammonia solution was introduced through 
the funnel B. Finally, any residual air was removed by lowering 
the open tube of mercury and manipulating the three-way tap in 
such a way as to boil off into the manometer space several fractions 
of ammonia which could then be discharged to atmosphere through 
the funnel. This procedure was frequently repeated between 
determinations. It was found that, with rising temperatures, 
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equilibrium was only very slowly established, owing no doubt to 
the slow rate of solution of the solid. With falling temperatures, 
however, constancy was soon reached : each experiment was accord- 
ingly performed by first maintaining the system for a few hours at 
Fra. 3. a temperature some degrees above the desired 
| temperature which was thus always ap- 
proached from above. Each of the results 
given below represents the mean of a number 
a= ou iL. of concordant experiments. 





Equilibrium Vapour Pressures. 


A i 0-0° 95° 18-04° 24-95° 30-05° 
} sane 4 (cm. Hg) 31-23 47-03 63-38 82-55 99-88 


The pressure of the system thus reaches 
76 cm. at about 22:5°, 























Summary. 
1. The system potassium carbonate— 
E ammonia—water has been investigated at 

three temperatures. 
2. The system gives two liquid layers 
which when saturated with solid salt appear 
C to persist to temperatures exceeding 155°. 
3. Equilibrium pressures of the univariant 
system solid—two liquids-vapour have been 
. measured from 0° to 30°. 

4. The application of the “rest” method 
shows that the stable hydrate of potassium carbonate is the 
dihydrate. 








[Received, March 30th, 1932.] 





216. The System Zinc Sulphate-Ammonia-Water. 
By Maucotm P, AppLesrey and Mark E. D. WiypRIDGE. 


THE separation of two liquid layers in this system was first observed 
by André (Compt. rend., 1885, 100, 241) on passing ammonia gas 
into a solution of the salt in well-cooled aqueous ammonia. The 
layers had at 8° the compositions 


Upper layer. Lower layer. 


i i hicctecnnneladhctane 25-69 22-16 
13-62 


(ete eR om ph ey 2-15 
Density 0-953 1-2714 
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The system evidently differs essentially from the only two carefully 
investigated ammoniacal systems in which separation of liquids 
occurs, viz., tribasic potassium phosphate (Janecke, Z. physikal. 
Chem., 1927, 127, 71) and potassium carbonate (Applebey and 
Leishman, preceding paper). In these systems ammonia is very 
unequally distributed between the phases, while André’s results 
show only slight difference of ammonia concentration in the two 
phases. 

On passing more ammonia, André noted the formation of small 
felted needles to which, on analysis of the partially dried solid, he 
gave the formula ZnSO,,2NH,,3H,O. A temperature of 36° was the 
highest at which André was able to obtain two layers, but as the 
system was not saturated with solid, the upper critical solution 
temperature was not given by this observation. 


ExPERIMENTAL. 


The methods used were identical with those described in the pre- 
ceding communication. The system was completely explored at 
0° and 18°. 

The zinc sulphate used was an A.R. specimen of the heptahydrate, 
Qualitative analyses showed only traces of magnesium and iron. 
The salt was always added to the systems under investigation as a 
saturated solution of the heptahydrate or monohydrate (prepared 
by dehydration) in concentrated ammonia; in the preparation of 
these solutions the trace of iron separated and was filtered off. 

The equilibrium solutions and wet solids were analysed for 
ammonia and zinc, the volumetric ferrocyanide method being used in 
strong solutions, and the gravimetric pyrophosphate method when 
the solutions were too dilute for accurate volumetric estimation. 
These methods of analysis, which would not have revealed any 
occurrence of basic products, were only adopted when the com- 
position of the two liquid layers and wet solid of the four-phase 
system at 18° had been completely analysed as follows: (a) For 
ammonia : (1) by direct titration (free ammonia) ; (2) by distillation 
with excess of alkali (total ammonia). (6) For zinc sulphate: 
(1) as zinc pyrophosphate; (2) as barium sulphate, 

The results obtained [which are given as the weights (in g.) in the 
total sample taken] were : 





NH;,. ZnSOQ,,. 
Direct. Distilled. as Zn,P,0,. as BaSQ,. 
Upper layer .....-....+. 1-333 1-357 0-2146 0-2137 
Lower layer ............ 1-537 1-551 2-452 2-445 
Wet solid s..scccsceseee. 0-5933 0-5992 1-153 1-142 


The correspondence of these results shows that the solid formed 
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is not basic, and that in.each layer zinc is only present as normal 
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sulphate and ammonia only in the free state. 


Fie. 1. 
Isothermal for the system ZnSO,-NH,-H,0 at 0°. 


Z 


nSO, 























NH, 
TABLE I. 
Data at 0°. 
Solution. Wet solid. Solution. Wet solid. 
. y ——— —— pues LOL IN 
d. NH;. Zn8O,. NH;. ZnSO, d. NH,. ZnSO, NH;. ZnSQ,. 
1-436 17°75 42-20 21-75 61-50\ 0-956 23-56 437 23-75 650-74 
1-411 18:21 40-98 22-23 53-98] 0-917 26-79 1-26 26-76 57-82| , 
1-380 18°87 39-65 22-36 53-34] 0-912 29-30 0-65 24-86 61-75 
1-292 20-20 37-44 22-81 52-41| 0-903 30-46 0:40 26-48 50-66 
1180 20-83 2683 — — /A 0-900 31-23 035 31-19 651-45 
1:147 21-30 22-52 23-08 51-85] 0-896 32°86 0-15 32-50 48-90 
1097 21-26 16-14 23-57 54-83 — 88-52 trace 33°72 54-23'B 
1-057 22-05 14-33 23-46 53-16 — 3841 ,, 3331 65-04 
1-006 21-89 8-98 23-32 53-23) — 4052 ,, 33-96 55-00 





Solid phase corresponding to solutions marked A = ZnSO,,4NH,,2H,0. 
B = Solid solutions of 


9? 99 


9° 9? 


ZnSO,,4NH, and 
ZnSO,,5NH3. 


The experimental results are given in Tables I and II and are 
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represented in Figs. 1 and 2. Concentrations are expressed as g. per 
100 g. of solution. 


Fig. 2. 
Isothermal for the system ZnSO,-NH,-H,O at 18°. 
ZnSO, 










Zn 60} l NH 
Zn5S0,,5NHs 














NH, 
TABLE II. 
Data at 18°. 
Lower layer. Upper layer. Solid. 


1-488 19:24 46-22 
1-477 19-48 46-47 
1-457 20°37 46-02 


— 99.73 66-15 | ZnSO,,4NH,,2H,0, 


d. NH. ZnSO, d. NH,. ZnSO, NH;. ZnSQ,. Phases. 
oi ee _ 23-07 67-09/( solution, vapour. 


1-395 21-70 42-13 — 24:18 60:14 

1-304 23-32 36-97 0-928 28-74 4-44 — — %ZnSO,4NH,,2H,0, 
two solutions, 
vapour. 

1-233 23-07 32:20 0-967 26-34 7-82 — — \Two solutions, 

1-201 22-85 29-38 0-995 25-30 10-71 — — vapour. 


— — — 0-929 28-68 401 24-66 56-35 ‘NH 
— .— = 0-911 29:07 2-20 25-59 Po eis ae 


— — 0:895 30°03 1:23 26-46 57-96 
Solid solutions of 


- — 0-887 32-43 0-43 31-55 57-96 4NH 
—  ~— —~— 0-880 33-30 0-49 31-81 53-64 7280. 5NEL, al 
Sis — 38:75 0-01 33-60 52-48} solution, vapour. 
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Discussion of Results. 

The solubility curves given in Figs. 1 and 2 are not extended to 
the ZnSO,-H,0 side of the triangle. This is due to the separation 
of zine hydroxide or basic salt at small concentrations of ammonia. 
It is only after these have been taken into solution by excess of 
ammonia that the solubility curve can be investigated. 

The system at 18° shows the separation of two liquid layers 
(curve CDE) which in accordance with André’s observations differ 
only slightly in ammonia content but markedly in their content 
of zinc sulphate. 

At 0° there is no longer any separation of liquid phases, though 
the curiously distorted solubility curve of the solid (especially 
when considered in relation to the solubility point for zinc sulphate 
in water) shows that the conditions are not far removed from the 
possibility of liquid separation (compare Sidgwick and Ewbank’s 
observations on salicylic acid; J., 1921, 119, 979). Liquid layers 
were in fact obtained in one experiment at this temperature under 
conditions of slight supersaturation. 

Further experiments to define more closely the conditions of 
liquid phase separation were performed by analysing the liquid 
phases saturated with solid at a series of temperatures, with the 
following results. 


Lower layer. Upper layer. Lower layer. Upper layer. 
—_—— — en, —_—_ 

Temp. NH,. ZnSO,. NH;. ZnSO, Temp. NH,. ZnSO,. NH;. ZnSO,. 
40° 2433 40-43 30-19 4-51 18° 23:32 36-97 28-74 4-44 
35 24-41 38-92 28-76 4-85 5 — 3449 — 6-49 
30 2413 37-15 29-89 4-48 3 — 3234 — #£«17:90 
25 23-45 37-55 29-03 4-41 2 — 3146 — 8-28 


The layers are thus still very different in composition at 2°. 
It is concluded that the lower critical solution temperature is very 
near 0°, certainly below 0-5°. 

As in the previous communication, an attempt was made to reach 
the upper critical solution temperature by heating the four-phase 
system, but here again a temperature of 175° was reached without 
any sign of coalescence. 

Two different solid phases enter into the system both at 0° and 
at 18°. Below about 30% of ammonia the solutions are in equili- 
brium with an ammine hydrate, whose composition is shown fairly 
clearly by the tie-lines to be ZnSO,4NH,,2H,O a compound 
previously prepared by Kane (Ann. Chim. Phys., 1839, 72, 304) by 
efflorescence of the corresponding tetrahydrate, and also by Miiller 
(Annalen, 1869, 152, 213) by precipitation by means of alcohol 
from an ammoniacal solution of zinc sulphate. The composition 
given by André for the solid phase, viz., ZnSO,,2NH;,3H,0, is 
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certainly incorrect, as the phase-rule diagrams show.* The tetram- 
mine dihydrate is deliquescent and has a high ammonia dissociation 
pressure, and the specimen examined by André no doubt changed in 
composition during its preparation for analysis. 

At both temperatures when the concentration of ammonia 
exceeds 30% (points F) the tie-lines no longer converge to the ammine 
hydrate but strike the side of the triangle between the points 
representing the anhydrous ammines ZnSO,,5NH, and ZnSO,,4NHs. 
These ammines have been shown by Ephraim (Ber., 1919, 52, 
957) to form solid solutions, and there is little doubt that such 
solid solutions constitute the solid phases in the system now 
described. It was noticeable that the change from the region of 
tetrammine dihydrate to that of solid solutions was accompanied 
not only by a change in the appearance of the solid phase. but also 
by a marked increase in the sluggishness with which the systems 
came into equilibrium. , 

Summary. 

(1) The system zinc sulphate-ammonia—water has been investi- 
gated at 0° and 18°. 

(2) Separation of two liquid layers takes place above a lower 
critical solution temperature, which is approximately 0-5°. When 
saturated with salt, the layers persist to temperatures exceeding 
175°. 

(3) The solid phases formed by the system at 0° and 18° are the 
tetrammine dihydrate ZnSO,,4NH;,2H,0 and solid solutions of the 
anhydrous pentammine and tetrammine. — 


St. Jonn’s Cortecr, Oxrorp. (Received, March 30th, 1932.] 





217. The Properties of Nicotine and its Derivatives. 
Part IV. Refractive Dispersion. Part V. 
Magnetic Rotatory Dispersion, 


By Tuomas Martin Lowry and Crom BEenyamiIn ALLSOPP. 


Part IV. REFRACTIVE DISPERSION. 


MEASUREMENTS of the refractive indices of nicotine were made by 
Gifford by the hollow-prism method (Gifford and Lowry, Proce. Roy. 
Soc., 1927, A, 114, 592). This method is very accurate, but the 
scope of the work was limited by the strong absorption of light by 


* The compositions of the two ammine hydrates formulated are shown 
by the larger circles in Figs. 1 and 2, the circles marked A representing André’s 
formula, ZnSO,,2NH,,3H,0, and those marked B giving the correct com- 
position corresponding with the formula ZnSO,,4NH,,2H,0O. 
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the thick column of liquid in the prism. The observations were 
therefore confined to a range of wave-lengths in the visible spectrum 
between 7685 and 4341 A.U., although the absorption of the liquid 
does not become important before 3000 A.U. in the ultra-violet. 
Since the refractive dispersion is most interesting in the immediate 
neighbourhood of the absorption band, it was thought advisable 
to make a further series of measurements in the ultra-violet, by the 
interferometric method which we have recently developed (Proc. 
Roy. Soc., 1929, A, 126, 165; 1931, A, 133, 26) for measuring the 
refractive indices of thin films of liquid. Under these more favour- 
able conditions the measurements have been extended to 2864 A.U., 
i.e., within 200 A.U. from the head of an absorption band, with a 
maximum molecular extinction coefficient log ¢ = 3-43 at 2650 A.U. 
in cyclohexane.* Measurements were also made, with an improved 
Pulfrich refractometer, of the refractive indices for 28 wave-lengths 
in the visible spectrum. These are less exact than Gifford’s measure- 
ments, since they are only valid to the fourth decimal; but they are 
probably more trustworthy, by reason of a closer control of tem- 
perature and more recent purification of the material. 

Throughout the tables, (0 — C) represents the difference between 
the observed and the calculated value. 

The data thus obtained are set out in Table I. They have been 
analysed by the methods already used in the more difficult case of 
benzene (Lowry and Allsopp, loc. cit.). The refractive dispersion 
is approximately simple in the visible spectrum, where it is controlled 
almost entirely by a single absorption band ; but its real complexity 
is revealed by the ultra-violet data. The refractive indices can, 
however, be represented throughout the whole range ’6708— 
2864 A.U. by a Ketteler-Helmholtz expression with six constants, 
namely : 

’ 1-006153 22 0-03983 22 (a2 — 0-0668950) 
né = 1:22577 + 3—99173626 + G2—0-0668950)2 7 0-00006931 22 


The two variable terms in this equation represent the influence of 
characteristic frequencies in the distant Schumann region at 4 = 
1326 A.U., and in the middle ultra-violet at » = 2586 A.U. In the 
visible spectrum, the low-frequency term is about 100 times smaller 
than the high-frequency term ; the damping factor in this term only 
becomes important within the region in which the absorption due 
to the band is already very marked. 

The divergences of the observed values from those calculated 
from this equation are shown in the last columns of Table I. The 

* In Part III (J., 1931, 320) the maxima of absorption by methylnicotone 
in water and in cyclohexane are shown correctly in Fig. 2 but have been inter- 
changed in the text. 
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TABLE I, 
Refractive Indices of Nicotine at 20°, 
First Series: Pulfrich Refractometer Readings. 


Diff., Diff., 
(O — C) (O —C) 
A, A.U. n. x 104. d, A.U. n. x 104. 
Li 6707-86 15229 +1 Ag 6209-04 1-5341 + 
He 6678-15 1-5231 --1 Cu 5153-26 1-5346 —2 
Ha 6562-85 1-5235 —1 Cu 5105-55 1-5353 ok 
Cd 6438-47 1-5241 —2 Cd 5085-82 1-5354 + 
Zn 6362-34 1-5244 —3 He 5015-68 1-5367 +2 
Li 6103-6 1-5262 —1 Ba 4934-10 1-5375 +E 
Na 5895-93 1-5278 + HB 4861-33 1-5386 +1 
He 5875-62 1-5279 + Cd 4799-91 1-5395 +e 
Hg 5790-66 1-5285 —] Zn 4722-16 1-5408 +2 
Cu 5782-15 1-5287 +1 Zn 4680-14 1-5414 4-1 
Cu 5700-24 1-5294 +1 Cd 4678-15 1-5414 +1 
Ag. 6471-51 1-5312 —2 Li 4603-0 1-5426 —1| 
Hg 5460-73 1-5313 —2 He 4471-48 1-5455 +3 
Cu 5220-06 1-5339 —] Hg 4358-34 1-5476 +1 
Second Series: Photographie Readings. 
Diff., Diff., 
(O — C) (O —Q) 
4, A.U. Film.* n. x 104. A, A.U. Film.* = n. x 104. 
W 4680-539 6b 1-5413 —2 Fe 3545-642 0b 1-5744 os 
Fe 4484-238 0b 1-5449 —] Fe 3468-849 a 1-5784 + 
W 4436-912 6b 1-5457 —2 Fe 3465-864 b 1-5788 +3 
Fe 4415-126 b 1-5465 4. Fe 3415-537 b 1-5820 +5 
W 4378-501 a 1-5468 —4 Fe 3378-682 b 1-5844 +6 
Fe 4325-764 b 1-5483 + W 3354-451 6b 1-5859 +5 
Fe 4282-406 b 15491 —l Fe 3307-238 6b 1-5888 +2 
Fe 4260-489 6b 1-5494 —3 Fe 3284-597 b 1-5905 +-] 
W 4244-374 a 1-5502 +1 Fe 3280-268 a 1-5908 +1 
Fe 4219-364 b 1-5506 + Fe 3246-015 a 1-5937 +3 
Fe 4199-098 b 1-5512 +1 Fe 3230-976 6b 1-5955 +38 
Fe 4157-805 6b 1-5518 —4 Fe 3219-817 »b 1-5962 +5 
Fe 4118-549 b 1-5529 —3 Fe 3209-328 —b 1-5971 +6 
W 4099-029 »b 15535 —2 W 3198-843 b 1-5981 +7 
Fe 4005-246 6b 1-5562 —2 Fe 3188-837 6b 1-5991 +7 
Fe 3932-631  b 1-5581 —5 Fe 3180-220 a 1-5994 +3 
Fe 3888-518 a 1-5599 —1 Fe 3178-545 b 1-6000 +7 
W 3881-402 b 1-5601 + Fe 3157-877 b 1-6017 +4 
W 3864-108 0b 1-5606 —2 W 3127-344 »b 1-6042 —§ 
Fe 3846-805 b 1-5613 —|] W 3117-580 6b 1-6052 —2 
Fe 3836-339 a 1-5619 + Fe 3099-898 6b 1-6075 t 
Fe'3798-514 b 1-5631 —l W 3089-321 a 1-6088 +2 
Fe 3765°544 b 1-5640 —] W 3080-431 6b 1-6097 “+ 
Fe 3734-869 a 1-5653 —4 W 3062-601 6 1-6120 +1 
Fe 3704-464 b 1-5670 +1 Fe 3045-082 6 1-6144 +2 
Fe 3687-440 a 1-5675 —l Fe 3031-216 a 1-6152 —2 
Fe 3659-521 6 1-5690 +1 Fe 3018-988 b 1-6179 +1 
W 3640-144 a 1-5696 —3 Fe 3003-034 6 1-6205 +4 
Fe 3630-353 3b 1-5704 +3 W 2979-860 a 1-6235 1 
Fe 3586-989 b 1-5722 +: Fe 2953-943 a 1-6271 —6 
Fe 3573-894 6b 1-5733 +5 Fe 2863-866 a 1-6475 —2 
Fe 3559-514 6b 1-5738 +2 


* See p. 1616. 
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mean deviation for 28 wave-lengths in the visible spectrum is 
+ 0-0001 and the mean error — 0-00001. The corresponding 
numbers for 63 photographic readings are + 0-00024 and +- 0-00006 
respectively. For the whole range of 91 wave-lengths, 12863 to 
6708 A.U., the mean deviation is + 0-00020 and the mean error only 
+ 0-00004. 

Materials and Methods of Measurement.—The methods of measure- 
ment have aJready been described (loc. cit.). The sample of nicotine, 
purified through the zinc chloride compound by the method of Ratz 
(Monatsh., 1905, 26, 1241), had already been used for the measure- 
ments of absorption and rotatory dispersion which are described in 
Parts I and II of this series of papers (Proc. Roy. Soc., 1931, A, 133, 
26, 36). It was redistilled under reduced pressure in a current of 
hydrogen until colourless, and was distilled again immediately 
before use. The remarkable solvent power of the liquid made it 
difficult to handle, but Ash’s ‘‘ Sylca ” (dental) cement was found to 
be sufficiently resistant for use in fixing the glass cell to the prism 
of the refractometer. Oxidation, which takes place very rapidly 
when, nicotine is exposed to air, was prevented by covering the cell 
with a small hood through which a stream of dried nitrogen was 
directed on to the surface of the liquid. Control experiments 
suggested that the absorption of atmospheric moisture might be a 
more serious factor than oxidation, and it was therefore found 
advisable to renew the material in the cell from time to time, and to 
watch for changes of composition by making frequent readings of 
the ‘‘ angle of emergence ”’ of a standard line (He 5876). 

These difficulties were not encountered when making photographic 
readings of refraction in the ultra-violet with the étalon refracto- 
meter. ‘Two or three drops of liquid sufficed to make the film, and 
these films were found to be particularly stable and easy to manipul- 
ate as a result of the low volatility of the liquid, Moreover, oxidation 
and absorption of moisture were reduced to a minimum by reason 
of the fact that the longest exposure required to provide data for a 
complete series of ultra-violet readings was about 4 minutes. The 
thicknesses of the two films employed forthis purpose were @ = 8-35y, 
and 6 = 30-7; the former was transparent as far as 2787 AWU., 
although the interference fringes could not be read below 2864 AU, 

Comparison with Previous Observations.—In addition to the 
measurements made by Gifford, the refractive dispersion of nicotine 
was recorded by Brihl (Z. physikal. Chem., 1895, 16, 193) for six 
wave-lengths between Li 6708 and Hy 4341 at 18-8°. After correc- 
tion to 20° by means of the temperature coefficients given by Gifford, 
the values are uniformly 0-0004 higher than those now recorded. 
On the other hand, Gifford’s values at 15° for 13 wave-lengths 
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between A = 7865 and 4 = 4341, when corrected in the same way, are 
on the average 0-0003 lower than the new measurements. Gifford’s 
sample was supplied from Cambridge, and was initially identical with 
that employed for the present series of investigations. When used, 
it had not yet developed any yellow colour by oxidation, in spite of 
the restricted range of wave-lengths which were transmitted 
through it; but it may have absorbed moisture during the course of 
the measurements, since great difficulty was experienced in retaining 
it inside the hollow prism. In view of the initial purity of the 
material, and the precautions taken to avoid contamination during 
the present series of readings, we believe that the refractive indices 
now recorded (which lie uniformly between those given by the two 
previous observers) are the most trustworthy yet obtained. 


Part V. Maaenetic Rotatory DISPERSION. 


The magnetic rotatory dispersion of nicotine was measured with 
the same magnet and by the same methods (Lowry, J., 1913, 103, 
1322) as those of a long series of aliphatic compounds which had 
been examined by one of us (Lowry, J., 1914, 105, 81). Readings 
were made for 12 wave-lengths in the visible spectrum. 

In order to deduce the value of Verdet’s constant from the observed 
rotations, the rotation produced by an equal column of water was 
read. The values of the constant for water at various wave-lengths 
have recently been measured very accurately by Roberts (Phil. Mag., 
1930, 9, 361) so that the constants for nicotine can now be deduced 
by direct comparison with his readings for Hg 5461. 

The results are set out in Table II, which shows (i) the double 
deflexion observed with a column 1 dm. long, after correction for the 
effect of the end-plates, (ii) the values of Verdet’s constant deduced 
from these readings, and (iii) the ratio of the rotation at any wave- 
length to that at the wave-length of the green mercury line. The 
observed ratio 8,5;5/8;4¢) is 1-664, which is appreciably higher than 
those of the saturated aliphatic compounds examined previously, 
but lower than for the unsaturated ones. 

Correlation of the Optical Properties of Nicotine.—The optical 
properties of nicotine appear to be controlled by two characteristic 
frequencies. The first corresponds with the familiar absorption 
band in the middle ultra-violet, with a maximum loge = 3-43 at 
2640 A.U. in cyclohexane. This band is about 100 times more 
intense than that of camphor, so we have not been able to penetrate 
it either by measurements of refraction, as in the case of cyélo- 
hexanone with loge = 1-12 at 2880 A.U., or by measurements of 
rotatory dispersion, as in the cases of camphor, loge = 1-35 at 
2900.4.U., and of camphorquinone, loge = 1:53 at 4750 A.U. 
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Tassie II. 
Magnetic Rotatory Power of Nicotine at 20°. 


1 = 10cm.; double rotation, 2a, of water at 5461 A.U. = 7-10°; Verdet’s 
constant for water at 5461 A.U. = 0-01534 min. per cm. gauss. 


Verdet’s 5/8546; calc. from 

constant, equation 

5, min./cm. —o 

A, A.U. 2a (corr.). gauss. 5/Ssae1- (V1). (VII). 
Li 6707-86 760° 0-01643 0-593 0-642 0-643 
Cd 6438-47 8-47 0-01831 0-661 0-699 0-701 
Zn 6362-35 8-85 0-01911 0-690 0-717 0-719 
Li 6103-6 9-72 0-02100 0-758 0-785 0-786 
Na 5892-62* 10-53 0-02274 0-821 0-847 0-848 
Hg 5780-13* 11-00 0-02379 0-859 0-883 0-884 
Ag 5467-71* 12-79 0-02764 0-998 0-998 0-997 
Hg 5460-73 12-82 0-02770 1-000 1-000 1-000 
og 5209-04 14-21 0-03072 1-109 1-111 1-110 
4799-91 17-09 0-03689 1-332 1-339 1-332 
Li 4602-5* 18-67 0-04033 1-456 1-471 1-466 
Hg 4358-34 21-34 0-04609 1-664 1-671 1-663 


* Mean wave-lengths. 


The values shown in the last two columns have been calculated from the 
formule of de Malleman (VI) and Becquerel (VII) : 


8 n(n? — 1 
= 09457 Ui — 1) 








3 2 1)2 
(VI.) = 0-2525 (oe (VII.) 


95461 85461 


(Lowry and Gore, Proc. Roy. Soc., 1932, A, 135, 13). By exception, 
the characteristic frequencies deduced by extrapolation from 
measurements of rotatory dispersion, Amex = 2450, and from 
measurements of refractive dispersion Amax, = 2586 A.U., are for 
shorter wave-lengths than the directly-observed head of the band. 

The second characteristic frequency is in the Schumann region at 
1326 to 1740A.U. The position and magnitude of this second 
absorption band have not been observed directly, since it lies beyond 
the limit of transmission of light by air or by quartz; but, as usual, 
it appears to be far more intense than the bands which have been 
recorded in the more accessible part of the ultra-violet spectrum. 
Direct evidence of the existence of a second absorption band is 
provided by the development of a strong general absorption in all 
those derivatives of nicotine in which the pyridyl nitrogen is ionised, 
although it is not observed either in nicotine itself or in those 
derivatives in which only the pyrrolidine nitrogen is ionised. This 
general absorption may represent the foot of the intense band in the 
Schumann region; but alternatively it might be due to a third 
absorption band in an intermediate position near the edge of the 
Schumann region. 

The relative influence of these two absorption bands varies very 
greatly in different optical properties and in different derivatives. 
The most remarkable fact is the dominance by the near ultra-violet 
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band of the optical rotatory power of nicotine, which can be expressed 
very nearly by a single term of Drude’s equation, with 2) = 2450 A.U. 
(Lowry and Lloyd, J., 1929, 1771). This predominance persists in 
chloronicotine and in methylnicotine (Lowry and Gore, J., 1931, 
319), where both nitrogen atoms are tervalent and neutral, as well 
as in nicotine isomethiodide (Lowry and Lloyd, J., 1929, 1779), 
where the pyrrolidine nitrogen remains neutral, although the 
pyridyl nitrogen is ionised by the addition of a methyl radical. 
When, however, the pyrrolidine nitrogen, which is attached directly 
to the asymmetric carbon atom, is ionised, e.g., by converting the 
base either into a salt or into a methiodide, the influence of the 
ultra-violet absorption band disappears abruptly. The rotatory 
dispersion of this group of derivatives is then dominated by a 
characteristic frequency in the Schumann region at 1480—1740 A.U., 
whilst the sign of the rotations is reversed. This change is not 
accompanied, however, by any decrease in the intensity of the band, 
which actually increases from log ¢ = 3-43 in the levorotatory base 
to about 3-8 in its dextrorotatory derivatives. 

The refractive dispersion of nicotine, as recorded in Part IV 
(above), is probably controlled by the same absorption bands as the 
rotatory dispersion, but the influence of the Schumann band on the 
refractive indices in the visible spectrum is now 100 times greater 
than that of the ultra-violet band, It is therefore not surprising 
that we have been unable to find any support forde Malleman’ssugges- 
tion (Ann. Physique, 1924, 2, 1) that rotatory dispersion and refrac- 
tion may be correlated by means of the expression 


[M] = (n? — 1)°(B/2?)(1 — 29?/2) 


where [M] is the molecular rotation at wave-length 4, n the refractive 
index, A) the wave-length of the characteristic frequency, and B a 
constant. Such a correlation is indeed unlikely to be realised in 
practice (as de Malleman himself found), since it depends on the 
hypothesis that the same electrons are equally concerned in both 
phenomena, whereas in fact one property is perfectly general, whilst 
the other is a highly specific property of dissymmetric molecules. 

For similar reasons Wiedemann’s law of proportionality between 
optical and magnetic rotatory powers breaks down completely in the 
case of nicotine, as it does in the majority of optically active liquids 
(Lowry, Pickard, and Kenyon, J., 1914, 105, 94), although it is 
approximately true in the cases of quartz (Lowry, Phil. Trans., 1912, 
A, 212, 295) and of molten menthol (Salceanu, Compt. rend., 1931, 
192, 1218). 

Magnetic Rotation and Refraction.—A much closer correlation may 
be expected between refractive dispersion and magnetic rotatory 
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Tasux IIT. 
Magnetic Rotatory Power of Nicotine. 
Equations involving a dispersion constant. 





(I.) <2 we 0-2546 __ 0-0673 (W’.) os 0-1800 | 
5561 ¥—6-01736 " Gaes 1? — 0-02266 
(LL.) 2 me Sor + 0-3903 A* | (’.) 8. = 0-4066 / 
Sacre (® — 6-01736)2 "Sacer mLO® — 0-01079)* 
(Iv.) 2 = _ 02711 (V.) 3 = 975358 (nm — 1) 
Sse, |S — 0-02708 “Sear © — 001380 
8 


= calc. from equation 

(I). (I’). (II). (IT’). (IV). (V). 
Li 6707-86 0-593 0-641 0-641 0-640 0-642 0-641 0°643 
Cd 6438-47 0-661 0-699 0-699 0-699 0-699 0-699 0-700 
Zn 6362-35 0-690 0-717 0-717 0-717 0-717 0-717 0-718 
Li 6103-6 0-758 0-785 0-785 0-784 0-784 0-785 0-785 
Na 589262 0-821 0-846 0-847 0-846 0-846 0-847 0-847 
Hg 5780-13 0-859 0-883 0-882 0-884 0-883 0:883 0-883 
Ag 5467-71 0-998 0-997 0-997 0-997 0-997 0-997 0-997 
Hg 5460-73 1-000 1-000 1-000 1-000 1-000 1-000 1-000 
ag 5209-04 1-109 1-110 1-110 1-110 1-110 1-110 1-110 

4799-91 1-332 1-336 1-336 1-336 1-336 1-336 1-333 
Li 4602-5 1-456 1-469 1-469 1-469 1-469 1-469 1+467 
Hg 4358-34 1-664 1-664 1-664 1-664 1-664 1-664 1-664 


power, sinceitis probable that both ofthese phenomena are influenced 
by all the valency electrons in the molecule. On this basis, various 
classical and quantum investigations have produced formule relating 
the two quantities to one another. The earliest of these were 
deduced by Drude, who made use of two different. fundamental 
concepts, and obtained for Verdet’s constant the expressions : 


L) t=n(5+ aa) a) 8=*(S+ or sm) 


In these formule, n is the refractive index at wave-length 4, a and 6 
are constants, and 2, is the wave-length of the characteristic frequency 
in the Ketteler—-Helmholtz equation for refractive dispersion. The 
second expression received brilliant confirmation through the work 
of R. W. Wood (Phil. Mag., 1905, 10, 408) on sodium vapour, which 
showed that the sign of the rotation was the same on opposite sides 
of the absorption band. In practice, the a/d* term is negligibly 
small, and the expressions (I) and (II) reduce to : 


se. 80 Le Bee bi | 
Bait ie i) 8 = =| gas 


Wave-length, 8,46; 
a. obs. 





The expression 


(TII.) 822 = k[r?/(22 — 29?) ? 


deduced by Richardson (ibid., 1916, 31, 232, 464) and used recently 
by Evans (ibid., 1927, 3, 546, etc.) is obviously identical with the 
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latter of these. Lowry, however (J., 1914, 105, 81), expressed 
magnetic rotatory dispersion on a purely empirical basis by means 
of Drude’s equation for optical rotatory dispersion, which does not 
involve refractive indices, viz., 


(IV.) 8 = k/(0? — 242). 


In the derivation of these formule, no account was taken of 
molecular structure. An attempt to do this led J. J. Thomson 
(Phil. Mag., 1920, 40, 713) to the equation 


(V.) 8 = A(n — 1)/(02 — 2,2). 


By using a much more elaborate quantum theory of the phenomenon, 
de Malleman (J. Physique, 1926, 7, 295) arrived at the equation 


(VI.) 8 = A(n® — 1)2/m22 


where the constant A involves the molecular dimensions. Finally, 
Becquerel (Ann. Chim., 1877, 12, 5; 1880, 21, 289) developed a 
remarkable empirical formula, whereby magnetic rotatory dispersion 
may be predicted from refractive dispersion by means of the relation 


(VII.) 8 = An®(n? — 1)/22. 


These formule are of two types, since the magnetic rotatory 
dispersion may be represented either (i) by an equation involving an 
arbitrary dispersion constant, with or without the refractive index 
of the medium, or (ii) by an equation in which only the refractive 
index is used to express the influence of variations of wave-length 
on the magnetic rotation in the medium. In the former case the 
equations for magnetic rotatory dispersion contain two arbitrary 
constants, and the dispersion curves can be made to fit two experi- 
mental points. In the latter case, they contain only one arbitrary 
constant and the course of the dispersion curve is therefore deter- 
mined completely when the rotation for one wave-length is given. 
Tables II and III show the results obtained by making use of 6 
equations of the former type (of which 5 involve the refractive index) 
and two equations of the latter type. It is at once obvious from 
Table III that the equations which involve two or more arbitrary 
constants give calculated values which are substantially identical 
with one another, so that, when the rotations for the green and 
violet mercury lines are given, those for longer wave-lengths are 
almost independent of the formula selected. The experimental 
values for the red and yellow lines diverge somewhat widely, how- 
ever, from the theoretical values, apparently because they depend 
on a more complex type of absorption. 

The —- of de Malleman and of Becquerel (see Table It), 

G 
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which contain only one arbitrary constant, diverge progressively 
from one another. The divergence is not large on passing from 
green to red, where the dispersion ratio ag79g/%54¢, 18 almost constant 
at 0-642; but it is substantially greater in the direction of shorter 
wave-lengths, so that the ratio a43,,/«;54¢, is 1-671 for de Malleman’s 
formula and 1-663 for Becquerel’s. The latter formula is in amazing 
agreement with the experimental ratio 1-664, in view of the fact that 
it is a pure prediction from measurements of a totally different 
optical property ; but the divergence between the experimental] and 
calculated values for the yellow and red lines still persists, and is 
apparently not capable of being removed by any simple process. 


Summary. 


(a) Values are given for the refractive indices of nicotine at 20° 
for 28 wave-lengths in therange of visualobservations with a modified 
Pulfrich refractometer, and for 63 wave-lengths in the region covered 
by photographic readings with an étalon refractometer. The 
photographic readings extend to » = 2868 A.U., i.e., within 200 A.U. 
from the head of the characteristic absorption band. 

(6) These refractive indices can be represented, with a mean 
deviation of -+ 0-00020 and a mean error of -+ 0-00004, by the 
equation : 
ply 1-006153 22 0-03983 22 (a2 — 0-0668950) 

b ahah BUT »* — 0-0173626 + (22 — 0-0668950)? + 0-00006931 22 


The second term, with a characteristic frequency in the Schumann 
region at 1326 A.U., is approximately 100 times greater in its effect 
in the visible spectrum than the third term, with a characteristic 
frequency in the middle ultra-violet at 2586 A.U. 

(c) Verdet’s constants for the magnetic rotatory power of nicotine 
have been recorded for 12 wave-lengths in the visible spectrum. 
The relationship of magnetic rotatory power to other optical 
properties of nicotine is discussed, 
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218. The Properties of Nicotine and its Derivatives. 
Part VI. Electrical Conductivities. Part VII. 
Electrometric Titrations. 


By Tomas Martin Lowry and Witi14m Vivian Lioyp. 


Part VI. ELEcTRICAL CONDUCTIVITIES. 
In the preceding papers of this series the optical properties of 
nicotine and its derivatives have been described and discussed. 
The two papers now submitted are concerned with the electrical 
properties of the base and of some of the iodides and hydroxides 
derived from it. The only available quantitative data on electrical 
conductivities are those of Nasini and Pezzolato (Gazzetta, 1893, 23, 
i, 43), in which values are given for aqueous solutions of the base. 
The substances used in the present investigation were as follows :— 


eae + ~ 
Se " C,H, NMel-0,H,.NHMel 
e52 (II.) Hydriodide of isomethiodide. 
ay H CH, rate arn gem 
, = O,H,NMel-C,H,NMe,I 
(III.) Dimethiodide. 
I ite C,H,NHI-C,H,NHMeI 
5*"4 ~7 
(I.) Nicotine isomethiodide. (IV.) Dihydriodide. 


In Table I, v shows the dilution (in litres), +/¢ the square root of the 
concentration, x the specific conductivity, and A the molecular 
conductivity. 


TaBxeE I. 
Molecular Conductivities at 25°. 
v. Vc. Cc. Ke A. v. Vv c. K. A. 
I. Nicotine isomethiodide. III. Nicotine dimethiodide. 
27-74  0-1900 0-002920 81 63-1 0-1260 0-002980 188 


55°48 0-1343 0-001578 87 126-2 0-0890 0-001633 206 
111-0 0-0949  0-000836 93 252-4 0-0630 0-000881 222 
221-9 0-0672 0-000433 96 504:8 00445  0-000464 234 
443-84 00-0475  0-000223 99 1009-6 00315 0-000241 243 


o 0 le 106 2019-2  0-0223 0-000125 252 
oo 0 _— 278 
Il. Hydriodide of isomethiodide. ss tian ie biel 
62-01 0-1270 0-003081 191 IV. Nicotine dihydriodide. 
124-02 0-0898 0-001679 208 44-51 01499 0-005276 2365 
248-04 0-0635 0-000896 222 89-02 0-1060 0-003059 272 


496-08 0-0449 0-000477 237 178-04 0-0750 0-001750 311 
992-16 0-0318 0-000249 247 356-08 00530 0-000987 351 
1984-32 00225 0-000128 254 712716 0-0375 0-000547 390 


C) 0 oo 271 1424-3 0-0265 0-000298 424 
2848-6 0-0187 0-000156 444 
o 0 _ 506 


3a2 
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These four compounds were prepared and purified according to the 
method of Pictet (Ber., 1897, 30, 2118). Their conductivities were 
measured at 25° with a Wheatstone bridge by the method of Kohl- 
rausch, a conductivity cell of capacity 0-1190 being used, The 
conductivity water was fractionally condensed on a tin-plated 
copper condenser, but was not good enough (« = 4—6 gemmho) to 
permit of measurements at high dilutions. The integral values 
of the molecular conductivities which are recorded in Table I are, 
however, outside the limits of error from this source. 
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Molecular conductivities of iodides derived from nicotine. 


The molecular conductivities were plotted against the square root 
of the concentration (Fig. 1). With the exception of the dihydriodide, 
the curves are nearly straight, and lead to trustworthy values for the 
molecular conductivities at infinite dilution. These range from 
106 in the isomethiodide to 505 in the dihydriodide, but can be 
explained in a very simple way, as follows : 

(i) The isomethiodide (I) is a simple binary salt, which behaves 
as a strong electrolyte, since it gives a linear relationship when its 
molecular conductivities are plotted against the square roots of the 
concentrations. The limiting value for the iodide at infinite dilution 
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is AZ = 106. If the mobility of the iodide ion, 77:2 at 25°, is 
subtracted from this, the mobility of the kation is found to be 29, 

(ii) The isomethiodide can be converted into a di-iodide by the 
addition either of hydrogen iodide or of methyl iodide. The two 
salts, (II) and (III), do not give a strictly linear relation between A 
and /c; but it is easy to deduce by graphical extrapolation the 
values for infinite dilution, A, = 271 and 278 respectively. These 
are normal values for a ternary electrolyte, and, by subtracting the 
mobilities of two iodide ions, we obtain for the mobilities of the 
bivalent kations the values 117 and 124. If these are divided by 
four, in order to allow for the influence of the double charge which 
they carry, the mobilities of the ions with a single charge would be 
29 and 31, in close agreement with the value 29 for the univalent 
kation of the isomethiodide. 

(iii) The enormous conductivity of nicotine dihydriodide (IV), as 
contrasted with the methylated iodides, (I), (II), and (ITI), recalls 
the behaviour of the trimethylstibine dihalides, SbMe,X, (Hantzsch 
and Hibbert, Ber., 1907, 40, 1513; Lowry and Simons, Ber., 1930, 
63, 1595), and of the dimethyltelluronium dihalides, TeMe,X,, which 
gave molecular conductivities ranging from 513 to 520 at 4096 litres 
(Lowry, Goldstein, and Gilbert, J., 1928, 307). These were explained 
by the hydrolysis of one iodine atom of the di-iodide and the ionis- 
ation of the other : 

TeMe,I, + H,0 => [TeMe,OHjI + HI. 
The behaviour of nicotine dihydriodide ean be explained in a 
similar way, by supposing that the iodine attached to the pyrrolidine 
nitrogen is ionised, but that the iodine attached to the pyridyl 
nitrogen is liberated as hydrogen iodide by the hydrolytic action of 
water. In the case of nicotine, this conclusion is justified by the 
observations of Kolthoff (Biochem. Z., 1925, 162, 289) on the 
behaviour of the base towards indicators, and more precisely by the 
electrometric titrations described in Part VII (below). The dissoci- 
ation constant of the pyrrolidine nitrogen is there shown to be 
4-90 x 10-’, whilst that of the pyridyl nitrogen is only 7-94 x 10-12. 
The latter is therefore so weakly basic that the alkaloid can only be 
titrated as a monoacid base. This statement obviously implies also 
that the hydriodides formed by the pyridyl nitrogen are hydrolysed 
to such an extent that the formation of dihalides in aqueous solution 
can be ignored, although the corresponding methiodides are stable 
salts and strong electrolytes. The observed molecular conduc- 
tivities of nicotine di-iodide are therefore only a little less than those 
of, e.g., the isomethiodide, A, = 106, plus a molecule of hydrogen 
iodide, A, = 427. - 
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Part VII. ELzorroMETrio TrTRaTrIons. 
The compounds used in the present investigation were as follows 


f- os 
H H, C,H,N-C,H,NMe,-OH 
. (II.) Methohydroxide. 
4 =~ 
Hi Not CH, C,H,NMe(OH)-C,H,NMe 
H Sv (IIT.) isoMethohydroxide. 
+ = + = 
Me C,H,NMe(OH)-C,H,NMe,-OH 


(I.) Nicotine. (IV.) Dimethohydroxide. 


The nicotine was purified by the zinc chloride method as described 
in Part I, and was redistilled in a current of nitrogen before use. 
The methylated bases were prepared by grinding the methiodides 
(J., 1929, 1381) for 4 hour with three times the theoretical quantity 
of freshly-prepared and well-washed silver oxide and just enough 
water to make a thick paste; the base was then extracted with 
water and titrated. 

The potential curves were plotted with the help of a hydrogen 
electrode, whilst drops of N-hydrochloric acid from a burette were 
being added to the base in a glass vessel closed with a rubber bung 
and provided with a glass stirrer. ‘The glass vessel was connected to 
a beaker of saturated potassium chloride by an agar-agar bridge, 
also saturated with potassium chloride. The cell was completed by 
a saturated calomel electrode dipping into the potassium chloride 
beaker, and its Z.M.F, was determined at room temperature by 
means of a potentiometer calibrated to read directly in millivolts. 
The results are shown in Figs,2—5. The basic dissociation constants 
of the two nitrogen atoms were then deduced from the values of pg 
at half-neutralisation as follows : 


Pyridy] nitrogen. Pyrrolidine nitrogen. 
(I.) 7°94 x 10° 4-90 x 107 
(II.) 2-00 x 10-* 6-31 x 10° 
(III.) 80 x 10° 1-3 x 10° 
(IV.) 708 x 10-7 1:59 x 10+ 


The figures shown in heavy type refer to quaternary nitrogen, the 
others being tertiary. It will be seen that methylation increases the 
strength of the base to an enormous extent, since the resulting 
quaternary radical is probably ionised completely and may therefore 
be expected to conform to the laws of strong electrolytes, just like a 
caustic alkali. Further, the basicity of the pyridyl nitrogen is 
increased when the pyrrolidine nitrogen is methylated, although the 
converse statement is not true. 

The electrometric titration of nicotine itself proceeded in the 
manner that might have been foreseen for a combination of @ fairly 
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weak with a very weak base. The neutralisation of the mono- 
and di-methylated bases, however, was accompanied by a “ drift ” 
of potential towards higher values of py. Thus, in Fig. 5 the initial 


Fie. 2, 
Electrometric Titration of Nicotine (1). 
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readings are marked by a heavy line, whilst the final readings are 
represented by a broken curve. The “ drift’ was observed only 
over a limited range of potentials, generally in the second stage of 
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the process of neutralisation. A similar drift in the same direction 
had already been encountered during the electrometric titration of 
the dicyclic tellurium base, 


HO CH Gg cH) Te CH, CH,-CH, CH, CH, Te( (9 op) CH, OH 


Fie. 3. 
Electrometric Titration of Nicotine Methohydroxide (II). 
(Time allowed for alkaline drift over AB to cease.) 
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where “ at about 75% neutralisation the readings became unstable 
and began to drift towards the alkaline side ” (Gilbert and Lowry, 
J., 1928, 2664). Since “ poisoning ” of the electrode would have 
produced a drift in the opposite direction, it was then suggested 
that “these anomalies are clearly due to a locking-up of the basic 
properties of the hydroxide by a reversible process which may be 
compared with the formation of a pseudo-base.”’ This deduction 
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was based upon Hantzsch’s observation in the phenylmethy]l- 
acridinium series (Ber., 1899, 32, 594, 3109, 3132; 1900, 33, 278), 
where a solution of the chloride after treatment with silver oxide 








Fie. 4. 
Electrometric Titration of Nicotine isoMethohydroaide (III). 
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slowly lost its conductivity and deposited a pseudo-base, which in 
turn neutralised hydrochloric acid only gradually. 
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No structure was suggested for the non-conducting form of the 
tellurium base, but, in view of the readiness with which the penta- 
methylene group in this series of compounds undergoes a reversible 
ring formation with tellurium, it is possible that the pseudo-base was 
a dihydroxyalky! ditelluride : 


CH,{CH,‘CH,‘Te-CH,CH,'CH,-CH,CH,-OH], 


In the present series of compounds, the formation of a pseudo-base 
had already been invoked (Part I, J., 1929, 1380) in order to account 


Fic. 5. 
Electrometric Titration of Nicotine Dimethohydrowide (IV). 
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for the fact that nicotine loses 90% of its absorptive power when 
dissolved in water, but without developing the strong basicity that 
would be expected if an ionised hydroxide had been formed, and 
without the reversal of sign of its optical rotatory power which 
accompanies ionisation in the nicotinium salts. The formation of 
a pseudo-base from nicotine was justified by the observations of 
Decker and Kaufmann (J. pr. Chem., 1911, 84, 825) in the methyl 
tsoquinolinium series and was represented by the following scheme : 
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CH CH:OH 

Naf Aifo s ctrt Deg 
HO Me ~~ Me 
True-base. Pseudo-base. 

This scheme not only accounts for the occurrence of a drift of 
potential and for the direction in which it occurs, but it also provides 
a satisfactory explanation of the compounds in which it is observed, 
and of the part of neutralisation curve in which the drift takes place. 
The relevant details are set out and discussed below. 

I. Nicotine. Temperature 26°; 10 c.c. of 1-333N-solution titrated 
with N-HCl; neutralisation points at 320 drops, py = 5-52 (6-61*), 
and 640 drops, pq = 1-52 (3-04*). The first section of the potential 
curve shows the changes produced by neutralising the pyrrolidine 
nitrogen, and has the characteristic form for the neutralisation of 
a weak base. The second section shows the neutralisation of the 
pyridyl nitrogen; but this is so weak that the possible formation of 
a pseudo-base is of no importance, and no drift was observed in the 
strongly acid solutions in which the dichloride is formed. 

II. Methohydroxide. Temperature 18-2°; 5 c.c of 0-219N- 
solution titrated with N-HCl; neutralisation points at 23 drops, 
Pu = 9-8, and 46 drops, pz = 5-4. In this case, the pyrrolidine 
nitrogen is quaternary, and is therefore again neutralised before the 
pyridyl nitrogen, which is stilltertiary. The first section of the curve, 
however, has the form that is characteristic of strong bases, since it 
rises steeply from py = 12 instead of rising only slowly from 
Pa = 10. The second section of the curve corresponds with the 
neutralisation of the pyridyl nitrogen, which is now more strongly 
basic than in nicotine itself, since neutralisation occurs at pg = 5-4 
instead of 1-52. During the second stage of neutralisation a drift 
was observed in the range between py = 8 and 3, indicating that 
some pseudo-base had been formed in the strongly alkaline solution. 
The broken line shows the potentials recorded after 1—4 hours, but 
the drift was so slow that the final form of the curve may, perhaps, 
have the more usual form indicated by the dotted line shown on the 
right of AB in Fig. 3. 

III. isoMethohydroxide. Temperature 18°; 18 o.c. of 0-178N- 
solution titrated with N-HCl; neutralisation points at 80 drops, 
Pu = 8-8, and 160 drops, px = 3-0. In the iso-compound, the 
pyridyl nitrogen is quaternary, and is therefore more basic than the 
pyrrolidine nitrogen, which is still tertiary. The order of neutralis- 
ation is therefore reversed, the pyridyl nitrogen being neutralised 
before the pyrrolidine nitrogen. The first portion of the curve, 


* Values deduced by Kolthoff with the help of indicators. 
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rising steeply from py = 12, represents the conversion of the 
methylated pyridyl radical into a chloride. No drift of potential 
was observed; but this part of the potential curve has the same 
abnormal form as the second part of the curve in Fig. 5, where a 
strong drift was observed. This abnormality may be accounted 
for by the formation of a pseudo-base, which is too stable to show 
any appreciable drift in these strongly alkaline solutions. We have 
therefore inserted a broken line to represent the normal form of the 
neutralisation curve, as it is observed, for instance, in the second 
stage of the neutralisation, where the relatively weak unmethylated 
pyrrolidine nitrogen is being neutralised without any of the complic- 
ations which arise from the formation of a pseudo-base. 

The two end-points were so sharp that the base could be titrated 
in two stages by the use of suitable indicators. The approximate 
values of the hydrogen-ion concentration deduced in this way were 
as follows : 

Phenol-red, pa = 7:1. Cresolphthalein, pg = 9-0. 
Thymol-blue, pu = 8-8. Methyl-orange, pu = 3:8. 

IV. Dimethohydroxide. Temperature 24°; 15 c.c of 0-0903N- 
solution titrated with N-HCl; neutralisation points at 32 drops, 
Pu = 8-9, and 63 drops, py = 4-9. 

In this base both nitrogens are quaternary, but the pyrrolidine 
nitrogen is still the stronger and is neutralised first. The curve 
therefore rises steeply in the normal way from p, = 10-8. In the 
second stage of the neutralisation, a very strong drift of potential 
was observed, corresponding with the gradual reconversion of the 
pseudo-base into a salt of the quaternary methylated pyridyl base. 
This drift was relatively slow in the more alkaline (or less acid) 
solutions, but became much more rapid as the second neutralisation 
point was approached. The total time required for the attainment 
of a steady value, however, was never more than an hour, so that it 
was possible to plot two independent curves, the initial readings 
being represented by a full line, and the final readings by a broken 
line, in Fig. 5. Outside the region covered by the loop in Fig. 5, 
the two curves became identical, since steady values for the potential 
were reached immediately both in the earlier stages of neutralis- 
ation, and in the final stages where an excess of acid had been added 
to the solution. 

V. (a) Ethylenediamine and (b) N-diethylethylenediamine.* (a) 
Temperature 25°; 10 c.c. of 0-169N-solution titrated with N-HCl; 
neutralisation points at 40 drops, pq = 8-2, and 81 drops, pa = 3-95. 
Basic dissociation constants 7-41 x 10° and 8-32 x 10°. 

(b) Temperature 23°; 10 c.c. of 0-223N-solution titrated with 


* A specimen of this compound was kindly provided by Dr. F. G. Mann. 
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N-HCI; neutralisation points at 53 drops, pq = 8°30, and 107 drops, 
Pu =4-45. Basic dissociation constants 7-59 x 10° and 6-61 x 10°. 

For the purpose of comparison, electrometric titrations were also 
made of these two simple aliphatic diamines. The results of the 
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titration are shown in Fig. 6. No drift of potential was observed 
at any stage of the neutralisation, thus confirming the conclusion 


nicotine. 








that this phenomenon is a peculiarity of the pyridyl nucleus of 
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Summary. 

(a) Measurements have been made of the molecular conduc- 
tivities of four mono- and di-iodides derived from nicotine. (i) The 
isomethiodide behaves as a strong binary electrolyte with A®” = 
106, the mobility of the kation being about 29. (ii) The hydriodide 
and methiodide derived from it behave as strong ternary electro- 
lytes, the mobility of the doubly-charged kation being approximately 
4 x 30. (iii) The dihydriodide of nicotine, however, loses a mole- 
cule of hydrogen iodide, and (like TeMe,I, and SbMe,Cl,) gives 
conductivities ranging up to about 500. 

(6) Electrometric titrations have been made of nicotine and of 
two isomeric monomethylated quaternary bases and one dimethy]l- 
ated diquaternary base derived from it. A drift of potential in the 
direction of increased alkalinity was observed in some of the solutions 
during a part of the neutralisation, in the same way as in solutions of 
a dicyclic telluronium base examined by Gilbert and Lowry in 1928. 
This drift can be explained by the formation of a pseudo-base, as 
already postulated in order to account for the optical properties of 
aqueous solutions of nicotine. The conditions under which the drift 
was observed are explained by the fact that a pseudo-base can be 
formed by the pyridyl] radical (as in the methylisoquinoline series), 
but not by the pyrrolidine radical of nicotine. 

LABORATORY OF PHysiIcaL CHEMISTRY, 

UNIVERSITY OF CAMBRIDGE. (Received, February 4th, 1932.] 





219. Arsonic Acids of the Fluorenone Series. De- 
rivatives of Aminofluorenone-2-arsonic Acid. 


By Guzert T. Morcan anp Jessre STEWART. 


In continuation of our examination of the therapeutic effect of 
introducing arsenic into the fluorenone molecule (J., 1931, 620) we 
have made fluorenone-7-glycineamide-2-arsonic acid (I; R, = R, = 
H) and 7-acetamidofluorenone-2-arsonic acid (II; R = CH,) the 
basis of further investigation. On being tested for trypanocidal 
potency, the former of these derivatives of aminofluorenone-2- 
arsonic acid has been found to possess some therapeutic activity 
when administered in maximum doses, while the latter—the most 
efficacious member of our first series of compounds—is capable of 
curative action in doses which do not exceed two-thirds of the 
minimum lethal dose of the drug. 

We have prepared compounds of the general formula (I) by 
Jacobs and Heidelberger’s method (J. Amer. Chem. Soc., 1919, 44, 
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1587) for the isolation of similar derivatives of p-arsanilic acid, 
inasmuch as the replacement of chloroacetamide by chloroaceto- 
methylamide, chloroacetanilide, and p-chloroacetamidoacetophen- 
one has led to the direct formation from aminofluorenone-2-arsonic 
acid of fluorenone-7-glycinemethylamide-2-argonic acid (R, = H, 
R, = CH,), fluorenone-7 -glycineanilide-2-arsonic acid (R, = H, Ry = 
C,.H;), and fluorenone-7-glycine-p-acetophenonylamide-2-arsonic acid 
(R, = H, R, = C,H,’CO-CH;,), respectively, Each of these alter- 
ations in the fluorenoneglycineamide-2-arsonic acid molecule, how- 
ever, is accompanied by a diminution in therapeutic activity, 
until in the last-named instance it has disappeared completely. 


NR,R, co co 
prem 2 C aac, wor Lskupeed 


(I.) (II.) 


Since the most potent member of our first series (v.. swpra) was 
an acyl derivative of the general formula (II) in which R = CHs, it 
seemed advisable to ascertain the effect on the therapeutic pro- 
perties of the molecule, of variations in the size of R. Accordingly 
we have prepared the formyl (R = H), propionyl (R = C,H;), 
n-butyryl (R =C,H,), and benzoyl (R = C,H;) derivatives of 
7-aminofluorenone-2-arsonic acid, Curative power is manifested 
when R = H, attains a maximum when R = CHz, but decreases 
rapidly when R is still further increased, being very slight when 
R=C,H,. It has again disappeared when R = C,H;. 

The general formula (III; R, = H, R, = alkyl or aryl) indicates 
the third type of compound which we have investigated. Such 
derivatives combine the R,R,N group present in type (I) with the 
CO-NH linkage of type (II). The simplest of these—7-carbamido- 


co 


co 
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(I11.) (IV.) 


fluorenone-2-arsonic acid (R, = R, = H)—exercises a curative 
action, the methyl homologue (R,; =H, R, = CH) has slight 
curative power, while 7-phenylcarbamidofluorenone-2-arsonic acid 
(R, = H, R, = C,H;) is quite inactive. 
7-Hydroxyfluorenone-2-arsonic acid (IV ; R = H), which is derived 
from the corresponding amino-arsonic acid, is curative in its action, 
Acetylation of the free hydroxy-group to form the acetoxy-derivative 
(IV; R =CO-CH,) results in an enhanced potency, which is compar- 
able in degree with that of the acetamido-compound (II; R = CH,), 
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7-Oxalylaminoflworenone-2-arsonic acid and the two diarsonic acids, 
oxamido-pp’ -fluorenone-2-arsonic acid and the simple s-carbamide of 
aminofluorenone-2-arsonic acid complete the derivatives which are 
included in this paper. 

The chemotherapeutic reports from Professor Warrington Yorke 
of the Liverpool School of Tropical Medicine on the sodiwm salts of 
those compounds which exert a curative action are summarised in 
the following table—acetamidofluorenone-2-arsonic acid being again 


cited for purposes of comparison. 
Tr. Equi- 


Sodium salt. perdum. M.L.D.* M.C.D.t+ 
Formamido (II; R = H) .......ccsceeeeeesees 1—20 20 20 
Acetamido (II; R = cH) IPEMB ARES 20—1 15 10 
1—3 15 5 
ionylamido (II; R = C,H;,) ............ 5—1 5 5 
Carhamble (TIT; Ry, = Rg = BH)  ........000. 1—2 30 15 
Methylcarbamido dtr, R, =H, R,=CH,) 5—I 10—20 20 
Hydroxy (IV; Ew SS _" 10—20 5 
10-1 6 3 


Acetoxy (IV; R- = CO-CH,) ceveddeqbobodssues 
* M.L.D. = Minimum lethal dose in mg. per 20 g. mouse. 
+ M.C.D. = Minimum curative dose in mg. per 20 g. mouse. 


EXPERIMENTAL. 

Fluorenone-7 -glycinemethylamide-2-arsonic Acid (I; R, = H, R,= 
CH;).—A solution of aminofluorenone-2-arsonic acid (6-4 g.) in 
N-sodium hydroxide (40 c.c.) and water (10 c.c.) was boiled under 
reflux for 14 hours with chloroacetomethylamide (Jacobs and 
Heidelberger, J. Amer. Chem. Soc., 1919, 44, 472; J. Biol. Chem., 
1915, 21, 147). The purple crystalline precipitate (3-6 g.) was 
purified by conversion into its sodium salt and reprecipitation with 
2N-acetic acid (Found: As, 19-4, C,,H,,O;N,As requires As, 
19-2%). 

The sodiwm salt was precipitated by adding alcohol to a solution 
of the acid in 2N-sodium hydroxide diluted with twice its volume 
of water; it was purified by reprecipitation with alcohol from its 
deep red aqueous solution, crystallising in clusters of red needles 
(2H,O) (Found: As, 17-0. C,,H,,0;N,AsNa,2H,O requires As, 
16-75%). M.L.D.,20 mg. Therapeutic action, slight. 

Fluorenone-7-glycineanilide-2-arsonic Acid (I; R, = H, R, = C,H;). 
—A solution of aminofluorenone-2-arsonic acid (4-8 g.) in N-sodium 
hydroxide (15 c.c.) and water (35 c.c.) was boiled for 5 hours with 
chloroacetanilide (2-6 g.) (Jacobs and Heidelberger, J. Amer. Chem. 
Soc., 1917, 39, 1441), sodium iodide (3 g.), and absolute alcohol 
(50 c.c.) ; the product (4-8 g.) was washed with 50%, alcohol, dissolved 
in 2N-sodium hydroxide (1 mol.), diluted considerably with water 
to prevent separation of sodium salt as a gel, warmed gently, and 
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reprecipitated with 2N-acetic acid as a red, glistening, filamentous 
mass (Found: As, 16-85. C,,H,,0;N,As requires As, 16-6%). 

The red-purple sodium salt (1H,O) separated slowly on addition 
of several volumes of absolute alcohol to a neutral solution of the 
acid in warm dilute sodium hydroxide. All efforts to recrystallise 
it from water resulted in the formation of a deep red gel (Found 
after dehydration: As, 15-9. C,,H,,0;N,AsNa requires As, 
15-8%). M.L.D.,5 mg. Therapeutic action, slight. 

Fluorenone-7 -glycine-p-acetophenonylamide-2-arsonic acid (I; Ry= 
H, R, = C,H,°CO-CH,) was isolated as minute glistening needles 
when chloroacetanilide was replaced by p-chloroacetamidoaceto- 
phenone (Jacobs, Heidelberger, and Rolf, J. Amer. Chem. Soc., 
1919, 41, 469) in the foregoing condensation. It was extremely 
difficult to purify through its sodium salt in consequence of the 
still greater tendency of solutions of the latter derivative towards 
gel formation (Found after dehydration: As, 15-0. C,3H,,0,N,As 
requires As, 15-2%). The sparingly soluble, purple sodiwm salt 
separated slowly from its solution in 50% alcohol (Found after 
dehydration: As, 14:3. C,,H,,0,N,AsNa requires As, 14-5%). 
M.L.D., >50 mg. The relative insolubility does not allow of the 
administration of larger doses of the drug. Therapeutic action, nil. 

7-Formamidofluorenone-2-arsonic Acid (II; R = H).—Finely pow- 
dered aminofluorenone-2-arsonic acid (3 g.) was boiled for 1 hour 
with formic acid (20 c.c.; d 1-2). The reaction mixture was poured 
into ice-cooled water, and the bright yellow precipitate purified by 
solution in 2N-sodium carbonate at room temperature and repre- 
cipitation with 2N-hydrochloric acid, giving a product (3-1 g.) 
entirely free from unchanged aminofluorenone-2-arsonic acid (Found : 
As, 21:8. C,,H,,O;NAs requires As, 21-6%). 

The sodium salt was sparingly soluble in cold water but dissolved 
readily on gentle warming; it separated from alcohol—water in 
clusters of orange-yellow needles (3H,O) (Found: As, 17-7. 
C,,H,O;NAsNa,3H,O requires As, 17-7%). 

7-Propionylamidofluorenone-2-arsonic acid (Il; R = C,H;), pre- 
pared from aminofluorenone-2-arsonic acid (3-5 g.) and propionic 
anhydride (15 c.c.), was purified in a similar manner and separated 
as a deep orange, crystalline solid (3-5 g.), very slightly soluble in 
boiling water (Found : As, 20-0. C,,H,,0;NAs requires As, 20-0%). 

The sodium salt was much less soluble in water than was the 
corresponding formyl derivative; it separated from hot aqueous 
solutions in glistening golden-plates (1H,O) (Found: As, 17-9, 
C,.H,,0;NAsNa,H,O requires As, 18-07%). 

7-n-Butyrylamidofluorenone-2-arsonic acid (Il; R =C,H,), pre- 
pared from aminofluorenone-2-arsonic acid and n-butyric anhydride, 
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was a deep orange, glistening, crystalline solid (Found: As, 19-0. 
C,,H,,0,;NAs requires As, 19-3%). 

The sodium salt separated from hot aqueous solutions in golden 
plates (2H,O) (Found: As, 16-9. C,,H,,0;NAsNa,2H,O requires 
As, 168%). M.L.D.,1 mg. Therapeutic action, very slight. 

Disodiwm 7-benzamidofluorenone-2-arsonate (as Il; R = C,H;) 
was gradually precipitated when a solution in which aminofluoren- 
one-2-arsonic acid had been condensed with benzoyl chloride at 
35—40° in the presence of excess of 60% sodium hydroxide, was 
left overnight at 0°. Unchanged amino-arsonic acid remained in 
solution. The crude product was washed with alcohol. It crystal- 
lised slowly from water in minute, deep yellow needles (1H,0) 
(Found: As, 15-4. CO H,,.O;NAsNa,,H,O requires As, 15-5%). 
M.L.D., 20 mg. Therapeutic action, nil. 

The more sparingly soluble sodiwm salt separated from hot water 
as a glistening, orange-yellow, filamentous mass (Found: As, 16-7. 
Cy5H,;,0,NAsNa requires As, 16-9%). 

7-Benzamidofluorenone-2-arsonic acid (II; R = C,H;) separated 
as a bright yellow, gelatinous solid on addition of dilute hydrochloric 
acid to an aqueous solution of the disodium salt (1-25 g.) in water 
(30 c.c.) at 20° (Found: As, 17-5. C,H,,0;NAs requires As, 
17-7%). 

7-Carbamidofluorenone-2-arsonic Acid (III; R, = H, Rg = H).— 
Solutions of potassium cyanate (1-2 g.) in water (10 c.c.) and of 
aminofluorenone-2-arsonic acid (1-6 g.) in 2N-sodium hydroxide 
(2:5 ¢.c.) and water (15 c.c.) were mixed and glacial acetic acid 
(1-2 c.c.) was added, causing immediate precipitation. The mixture 
was left for several days and stirred at frequent intervals. The 
precipitate was dissolved in warm water (50 c.c.) and filtered into 
2N-hydrochloric acid (slightly more than 1 equiv.) diluted to 10 c.c. 
The deep orange carbamido-compound (1 g.), washed free from 
hydrochloric acid, was further purified through its sodium salt 
(Found : As, 20-8. C,,H,,0;N,As requires As, 20-7%). 

The orange-brown sodium salt (2H,O) was isolated by adding 
absolute alcohol to a cooled solution of the free acid in the requisite 
amount of dilute aqueous sodium hydroxide and was rec 
from water-alcohol (Found: As, 17-6. C,,H,.0;N,AsNa,2H,0 
requires As, 17-9%). 

1-Methylearbamidofluorenone-2-arsonic Acid (III; R, = H, R, = 
CH,).—Aminofluorenone-2-arsonic acid (4 g.), dissolved in 2N- 
sodium hydroxide (6-2 c.c.) and water (25 c.c.), was cooled to 5°, 
methylcarbimide (1-4 g.) added, and the mixture left overnight at 
0°. The yellow crystalline precipitate proved to be largely, if not 
entirely, unchanged sodium aminofluorenone-2-arsonate. It was 
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therefore redissolved in water (50 c.c.) and added to the main 
filtrate. The latter was kept at 0° for 10—12 days; the precipitate 
was then still largely unchanged material, but a second fraction—a 
crude methylcarbamido-derivative (2 g.) obtained from the filtrate— 
contained a relatively small amount of unchanged amino-acid, 
which was removed by diazotisation with sodium nitrite and dilute 
hydrochloric acid. There remained ultimately a red-brown product 
(1 g.) (Found: As, 19-9. C,,;H,,0;N,As requires As, 19-95%). 

The sodiwm salt separated as minute plates from a 50°% water— 
alcohol mixture (Found : As, 17-9. C,;H,,0;N,AsNa,H,O requires 
As, 18-0%). 

Sodium 7-Phenylcarbamidofluorenone-2-arsonate (IIL; R, =H, 
R, = C,H,).—Sodium aminofluorenone-2-arsonate (3-9 g.), dissolved 
in warm water (100 ¢.c.), was cooled to 10°, phenylearbimide (1-8 g.) 
added gradually, and the whole well cooled and stirred. A heavy 
gelatinous precipitate soon formed ; the reaction mixture was cooled 
at 0° over-night, and the pink precipitate collected, the red filtrate 
still containing some unchanged amino-arsonic acid. This finely 
powdered product (3-5 g.) was digested with boiling water (100 c.c.), 
whereupon it no longer contained any free amino-group. It was 
dissolved in boiling 2N-sodium carbonate (100 c.c.), filtered from 
traces of undissolved yellow solid, and was deposited almost imme- 
diately in the alkaline filtrate; it separated from boiling water 
(1000 c.c.), in which it was very sparingly soluble, as glistening 
pink filaments (1-85 g.) (Found: As, 14-9. OC, 9H,,0;N,AsNa,2H,O 
requires As, 15:1%). 

The much more soluble disodium salt (2H,0), a brick-red. solid, 
dissolved sparingly in water to a red-yellow solution which was 
alkaline to litmus (Found: As, 14-6, C,)H,,0;N,AsNa,,2H,O 
requires As, 14:5%). M.L.D., >20 mg. Therapeutic action, nil. 

7-Ureidoaminofluorenone-2-arsonic Acid,—A slow stream of car- 
bonyl chloride was passed through a solution of aminofluorenone-2- 
arsonic acid (3 g.) in 2N-sodium carbonate (30 c.c.; 3 equivs.) and 
water (50 c.c.). 2N-Sodium carbonate (85 c.c. in all) was added at 
intervals to maintain the alkalinity of the solution. After 6 hours 
the mixture was strongly acid and free from primary base. The 
s-carbamide, a deep orange precipitate (2-85 g.), was purified by 
conversion into a solution of its disodium salt and reprecipitation 
with dilute hydrochloric acid (Found after dehydration : As, 22-6, 
Cy7H,,0,N,As, requires As, 22-6%). 

The disodium salt, which separated in needles from water-alcohol, 
dissolved in water to a red solution (Found after dehydration ; 
As, 20-9, C,,H,,0,N,As,Na, requires As, 212%), M.L.D., 10—20 
mg. Therapeutic action in maximum doses, 
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7-Oxalylaminofluorenone-2-arsonic Acid.—An intimate mixture of 
sodium aminofluorenone-2-arsonate (3-9 g.) and oxalic acid (7-6 g.; 
6 mols.) was heated at 180—190° for 2 hours. The cooled mass 
was then free from unchanged amino-acid. Attempts to purify it 
by reprecipitation from a solution of its sodium salt were unsuc- 
cessful, for it separated as a gel. It was digested repeatedly with 
hot water to remove soluble products, the deep yellow ozalyl 
compound (3-2 g.) remaining undissolved (Found: As, 19-7. 
C,;H,,0,NAs requires As, 19-2%). This somewhat high arsenic 
content suggested the presence of a trace of oxamido-pp’-fluorenone- 
2-arsonic acid, a diarsonic acid which would result from the con- 
densation of two molecular proportions of the original amino- 
arsonic acid with one of oxalic acid. When the latter were heated 
together in the same molecular proportion (1 : 6), but at 125° for 6 
hours, the resulting oxalyl derivative was free from this impurity ; 
the yield, however, was small (1 g.) and the crude product consisted 
largely of unchanged amino-arsonic acid. This was removed in 
the manner described subsequently for the purification of the 
diarsonic acid (Found: As, 19-1. C,;H,,O,NAs requires As, 
19-2%). 

The disodium salt (1H,O), a light yellow solid readily soluble in 
water, was purified by recrystallisation from 50° aleohol (Found 
after dehydration : As, 17-1. C,;H,O,NAsNa, requires As, 17-2%). 
M.L.D., 10 mg. Therapeutic action, nil. 

7-Oxamido-pp’-fluorenone-2-arsonic Acid.—Sodium aminofluoren- 
one-2-arsonate (3-9 g.) and oxalic acid (3-8 g.; 3 mols.) were heated 
together at 180—190° for 2 hours. The small amount of unchanged 
amino-acid was removed from the crude product by diazotisation 
of its suspension in water with sodium nitrite and dilute hydro- 
chloric acid. The undissolved product (2-6 g.) was digested re- 
peatedly with boiling water. The combined aqueous filtrates were 
acidified and a small amount of the oxalyl derivative (0-2 g.) was 
precipitated. The light brown diarsonic acid (2-4 g.) remained 
undissolved (Found: As, 21-4. C,,H,,0,)N,As, requires As, 
21-7%). 

The disodium salt crystallised from 50% alcohol in clusters of 
small brown needles (4H,O) (Found after dehydration: As, 20-4. 
C.gH,.0;.N,As,Na, requires As, 20-4%). M.L.D., 40 mg. Thera- 
peutic action, nil. 

7-Hydroxyfluorenone-2-arsonic Acid (IV ; R = H).—Aminofluoren- 
one-2-arsonic acid, suspended in water containing 2N-hydrochloric 
acid (2} mols.), was diazotised with aqueous sodium nitrite; the 
filtered solution was heated gently until evolution of nitrogen had 
ceased ; a small amount of tarry matter was removed, and the deep 
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yellow hydroxy-compound which gradually separated was dissolved 
in dilute sodium carbonate and reprecipitated with hydrochloric 
acid (Found : As, 23-2. C,,H,O,As requires As, 23-4%). 

The orange-yellow sodiwm salt (1H,O), which was crystallised 
from 50% alcohol, was readily soluble in water (Found after de- 
hydration : As, 22-0. C,,;H,0;AsNa requires As, 21-9%). 

7-Acetoxyfluorenone-2-arsonic acid (IV; R= CO-CH,), a pale 
yellow product (4-3 g.) prepared from hydroxyfluorenone-2-arsonic 
acid (4 g.) and acetic anhydride (20 c.c.), was purified through its 
sodium salt (Found: As, 20:8. C,;H,,0O,As requires As, 207%). 
This sodium salt (1H,O) was crystallised from its bright yellow 
solution in water-alcohol (Found: As, 18-5. C,;H,,0,AsNa,H,O 
requires As, 18-7°%). t 

CHEMICAL RESEARCH LABORATORY, 

TrepDprneton, MIDDLESEX. [Received, April 2nd, 1932.] 





NOTE. 


A Synthesis of Diphenyl. By Ian Russet SHERwoop and 
WALLACE FRANK SHORT. 


WuHEN 1-phenylcyclohexanol (Sabatier and Mailhe, Compt. rend., 
1904, 138, 1321) or 1-phenyl-A!-cyclohexene is heated with sulphur 
(2 atoms) at 200—240° for 4 hours, diphenyl (m. p. 70°; 4-nitro- 
diphenyl, m. p. 114°) is obtained in 70% yield. A methoxyl group, 
when present, is unaffected by this process. 


One of us (I. R. 8.) makes grateful acknowledgment to the New 
Zealand Department of Scientific and Industrial Research for the 
award of a National Research Scholarship.—AUCKLAND UNIVERSITY 
CoLLEGE, New Zeauannd. [Received, March 16th, 1932.] 





220. The Equilibria between Mixtures of Carbon 
Monoxide and Carbon Dioxide at Various 
Pressures in Contact with Steels of Different Carbon 
Concentrations at 750—1150°. 


By Arruur Bramuizy and Harry Dennis Lorn. 


Irv is well known that carbon monoxide has & carburising action 
when in contact with iron or steel at a sufficiently high tem: 
perature, and that the dioxide has the reverse effect. Mixtures 
of these two gases may act in either way according to circum- 
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stances and, for a given set of conditions, a definite equilibrium 
must exist, which is determined by the following factors: pressure, 
temperature, composition of the steel. The object of the present 
investigation was to study the effects of varying each of these factors. 

The problem has already received the attention of a number 
of investigators, notably, among earlier workers, of Baur and 
Glaessner (Z. physikal. Chem., 1903, 43, 354) and Matsubara (T'rans. 
Amer. Inst. Min. Met. Eng., 1920—1922, 67, 3), who were chiefly 
concerned with the equilibria of gases in contact with solids in 
which some oxide of iron formed a constituent phase. Schenck 
and his co-workers (Schenck, Semille, and Falcke, Ber., 1907, 40, 
1704; Schenck, Z. anorg. Chem., 1927, 161, 287; 164, 145, 314; 
166, 113; 167, 253, 315) have catried out an extensive series of 
researches, in which, in addition to mixtures of carbon monoxide 
and dioxide, mixtures of hydrogen and methane were used. More 
recently, the equilibrium between austenite and the oxides of carbon 
has been studied by Takahashi (Sci. Rep. Tohéku Imp. Univ., 1926, 
15, 159), and Johansson and von Seth (J. Iron Steel Inst., 1926, 
II, 295) have investigated this problem with special reference to 
the surface carburisation and decarburisation of steel. In both 
these investigations certain details of apparatus and experimental 
method appear to be open to criticism. 

When the present investigation was well advanced, a paper by 
Becker (ibid., 1930, I, 337) appeared bearing on the same subject, 
but again, apparatus and methods are not free from objection. 

Reactions Involved.—The chief reactions with which the present 
investigation is concerned are the following : 


20O=—C+CO,. .... . (i) 
3Fe + 2CO— Fe,C+CO,. . . . . (2) 
Fe,C —3Fe+C.... . . (3) 


Consideration of these equations, all of which represent balanced 
actions, shows that (a) reaction (1) is concerned only with the 
composition of the gaseous phase, (b) reaction (2) determines 
whether the gas mixture possesses carburising or decarburising 
properties, (c) reaction (3) represents an equilibrium in solid solutions 
only. 

In considering the present problem, reaction (3) is of the utmost 
importance, and its significance should be clearly understood. 
Austenite may be regarded as a solid solution of carbon and iron 
carbide in y-iron, and for any given set of conditions its constitu- 
tion is governed by this reaction. Accordingly, the greater the 
total concentration of carbon, the greater will be the concentration 
of free carbon in the solution. It may be expected that, since there 
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is an assumed immeasurable but nevertheless definite pressure of 
carbon vapour present in reaction (1), the composition of the 
gaseous phase in equilibrium with a steel will be governed by the 
concentration of free carbon in the steel, as represented by reaction 
(3). This is only assuming the application of some form of the 
partition law, an assumption which is shown later to be fully 
justified. 

Previous Investigations.—The composition of the gas in equili- 
brium with a given steel has hitherto been determined by either 
dynamic (streaming) or static methods. Both methods were used 
by Schenck, and from his earlier experiments, in which mixtures 
of carbon monoxide and dioxide were used, he concluded that 
oxidation of the steel was unavoidable; later, he substituted 
mixtures of hydrogen and methane as the gaseous phase. In all 
cases the weight of iron or steel used was very small, and the com- 
position of the end product does not appear to have been obtained 
very satisfactorily. It is very doubtful whether Schenck’s con- 
clusions regarding the oxidation of the steel by the oxides of carbon 
were correct (see p. 1667). 

A dynamic method was adopted by Takahashi but the scope of 
this work was rather limited and the results obtained appear to be 
somewhat uncertain. Johansson and von Seth also used the 
streaming method. A large quantity of gas of known composition 
was passed slowly over a small quantity of steel millings in a mag- 
nesia boat, heated in a silica tube. After equilibrium had been 
attained, the concentration of carbon in the steel was determined 
by analysis. The duration of these experiments was of the order 
of 6—8 hours, even at temperatures as low as 700°, and, as shown 
later, this is insufficient to give equilibrium at these temperatures, 
especially in view of the slow rate of diffusion of carbon and the 
low concentration gradient. Further, it is almost invariably found 
that when a steel containing any appreciable quantity of carbon is 
cooled in an atmosphere of carbon monoxide and dioxide, surface 
decarburisation takes place. Hence, the analysis of the steel, 
which can only represent the average composition, may not neces- 
sarily be the same as that of a steel which is in equilibrium with 
the gas used. The presence of nitrogen in the gas mixture also 
introduces an unnecessary complication. 

The static method was used by Becker, who, instead of analysing 
the gases in equilibrium with the steel, deduced their composition 
by measuring the total pressure of carbon dioxide and monoxide, 
and making use of the known dissociation pressures of strontium 
carbonate at the temperatures concerned, some of this substance 
being placed in the reaction tube close to the steel. It is doubtful 








1644 BRAMLEY AND LORD: THE EQUILIBRIA BETWEEN 


whether this ingenious method is more reliable than a carefully 
conducted direct gas analysis. This is especially the case when 
the design of Becker’s apparatus is taken into consideration. The 
temperature control would need to be within close limits: a fall 
in temperature would lead to absorption of carbon dioxide which, 
in turn, would intensify error due to dead space. The period of 
3 minutes, which Becker allowed for equilibrium to be attained 
before making his measurements, was certainly far too short, for 
reasons which have already been mentioned. 

In all the experiments carried out by previous investigators, few 
if any precautions have been taken to limit the variation in the 
composition of the steels to the carbon only. Steels of the requisite 
carbon concentration have been used without regard to the amount 
of other elements present : it is highly probable that some of these 
had an appreciable effect on the gaseous equilibrium. 


EXPERIMENTAL. 


Methods and Apparatus.—It was decided to use a series of steels 
in which the concentrations of all the elements except carbon were 
not only constant but very low. To obtain these a very pure 
Swedish charcoal iron of the following composition was used: 
C, 0-03; Si, trace; Mn, 0-08; S, 0-010; P, 0-008%. From this, 
steels of approximately the required carbon concentrations were 
prepared in the following manner. A bar of the iron (approxim- 
ately 20 cm. long and 3-5 cm. in diameter) was carburised by 
gaseous cementation with pure carbon monoxide until a suitable 
weight of carbon had been introduced. The bar was afterwards 
reheated in a stationary atmosphere of carbon monoxide until, as 
a result of diffusion, the concentration of the carbon had become 
uniform to a depth of at least 4 mm. After removal of a thin 
skimming of the metal from the bar by turning in a lathe, succes- 
sive layers of approximately 0-5 mm. thickness were removed in 
the form of thin spiral turnings and each of these was analysed. 
The concentration of carbon in the first six layers did not vary by 
more than 0-01%, and these, after being mixed, constituted the 
metal used in one series of experiments. Steels of other carbon 
concentrations were prepared in a similar manner. 

After careful consideration, the “static” method was adopted, 
and, as it was important that the composition of the metal used 
should not change during a series of experiments, a much larger 
weight of steel than that. generally employed by previous investig- 
ators was used. Further, it was necessary to have a considerable 
volume of gas in the reaction vessel in order that a sufficient quantity 
could be withdrawn for analysis after equilibrium bad beem estab- 
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lished. The volume analysed was usually about 50 c.c,, and even 
in the experiments at 0-25 atm. it was never less than 15 c.c. 

The apparatus used is shown in Fig, 1. The reaction vessel A 
consisted of a 600-c.c. transparent silica bulb approximately 35 cm. 
long, and of 3-5 cm. internal diameter. Attached to one end was 
a tube D, 50 cm. long, 9 mm. external diameter, and 1 mm. bore; 
at the other end was a tube B, 4 cm. long and 6 mm. internal 
diameter. The bulb was filled through the open end of B with 
the steel turnings, and was then sealed with the oxy-hydrogen 
blow-pipe. The bulb A was wound from end to end with asbestos 
string, and placed centrally in a tube furnace C, The purpose of 
the asbestos winding was partly to hold the bulb A concentrically 
in C, and partly to act as a heat insulator, and so damp out any 
slight fluctuations in temperature which might occur in the furnace 
tube itself. The latter consisted of a large Vitreosil tube, 100 cm. 
long and 6 cm. internal diameter, wound with nichrome wire and 
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packed with asbestos in a case. The winding and packing were 
so arranged that the temperature did not vary by more than 2—3° 
throughout the central 40 cm. of its length. The temperature of 
the reaction vessel was measured by means of a platinum-—platinum- 
rhodium thermocouple (junction at Z#) and an indicator supplied 
by the Cambridge Instrument Co. 

The open end of the capillary D was connected to a cross-piece, 
also of capillary tubing, fitted with three perfectly gas-tight stop- 
cocks. The branch F was sealed to a mercury-vapour pump which 
was followed by a Sprengel pump, and G@ was sealed to a mercury 
manometer whilst H was connected to a water-jacketed gas burette 
of the type given by Travers (‘‘ Study of Gases,” Fig. 59, p. 67). 
This apparatus was used for measuring and introducing the gases 
into the reaction vessel and for the analysis of the gases withdrawn 
from the tube after equilibrium had been attained. 

The carbon monoxide was prepared by the action of concentrated 
sulphuric acid on a concentrated solution of formic acid, and a 
mixture of carbon monoxide and dioxide from pure oxalic acid with 
concentrated sulphuric acid. These gases were stored in reservoirs 
over concentrated sulphuric acid. A 40% solution of caustic potash 
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was used to absorb the carbon dioxide, and periodically the carbon 
monoxide was estimated by absorption with ammoniacal cuprous 
chloride solution. In no case was any residual gas found after 
removal of these two oxides. 

Each series of experiments was carried out in the following 
manner. The bulb containing the steel turnings, having been 
placed in position in the furnace, was evacuated at room tem- 
perature until the pressure was reduced to ca. 00001 mm. The 
furnace was then heated to about 1100°, and the pumps were kept 
working until all the dissolved gases had been removed. Stop- 
cock F having been closed, a measured volume of gas of known 
composition was introduced, and the temperature of the furnace 
adjusted and ‘maintained constant until equilibrium at the required 
pressure had been attained. If necessary, gas was introduced or 
taken out in order to adjust the pressure to that required. Equi- 
librium was regarded as established when the gas pressure had 
remained constant for about 3 hours. Then, a sample of the gas 
was withdrawn as rapidly as possible for analysis. The rapidity 
of the removal of this gas is of great importance, since the lowering 
in pressure produced within the bulb causes a consequent change 
in the equilibrium value. When the bulb was being charged with 
gas the latter was sometimes richer and sometimes poorer in carbon 
dioxide than the mixture which was found to be in equilibrium 
with the steel. Thus equilibrium was approached from both sides. 
The volumes of the two oxides of carbon put into and withdrawn 
from the reaction vessel were carefully measured and adjusted so 
as to avoid any variation in the concentration of the carbon in the 
steel throughout a series of experiments. At the end of each 
series, analysis of the steel showed no change in the concentration 
of the carbon, and there was no sign of oxidation. 

In the first experiment, it was found that, during the evacuation 
at the high temperature used, the bulb which had walls of about 
1-5 mm. thickness collapsed inside the furnace. Consequently 
bulbs with thicker walls, ca. 4 mm., were used in all subsequent 
experiments. To reduce further the risk of such collapse, the 
pressure inside the furnace itself was lowered by evacuation at K. 

In order to obtain strictly comparable results, in each series of 
experiments the equilibria were determined at pressures increasing 
by exactly 0-25 atm. from 0-25 to 2 atm. and at temperatures 
increasing by 50° intervals between the required limits. 


Results. 


The percentages of carbon dioxide present in the mixtures of 
carbon monoxide and dioxide which are in equilibrium with the 
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steels used at the temperatures and pressures indicated are recorded 
in the following tables. 


Carbon Dioxide in Gaseous Phase, %. 


Temperature. 


—. 





Press. - ~ 
(atmos.). 750°. 800°. 850°. 900°, 950°. 1000°. 1050°. 1100°. 


Series A. C = 0-125%; weight of steel in bulb = 103-1 g. 


2-00 — 32-50 29-02 22-27 16-02 11-25 7:85 65-40 
1-75 — 29-42 27-78 20-35 13-88 10-11 7:14 4:75 
1-50 — 27-99 24-72 18-52 12-75 9-27 6595 4-28 
1-25 — 24-20 22-65 15-94 11-20 785 6-18 3-61 
1-00 — 21-48 18-59 13-88 9-00 6-10 4:16 2-85 
0°75 — 18-26 15-24 11-13 7-18 4:90 3-24 2-27 
0-50 _ 13-18 11-26 7-60 5-13 3-25 2-28 1:38 
0-25 — 7-48 6-59 4-42 2-60 — — —_ 
Series B. C = 0-210%; weight of steel in bulb = 103-1 g. 
2-00 34-23 33-42 22-32* 16-40 11-32 7:07 548 — 
1-75 — 30-82 20-22* 14-58 9-93 6-60 455 3-16 
1-50 — 27-70 18-39* 13-22 8-45 5-48 3-26 2-80 
1-25 26-67 25-77 16-20* 10-95 7-69 4-07 2-62 2-12 
1-00 23-66 22:99 13-70% 9-27 6-02 3-61 188 — 
0-75 — 17-95 9-42* 7:27 4-57 2-78 _— —_— 
0-50 — 13-40 8-03* 4:95 2-96 1-69 — _ 
0-25 — 8-60 4-51* 2-28 — _— _— — 
Series C. C = 0-260%; weight of steel in bulb = 102-3 g. 
2-00 -- 29-88 21-16 14-19 9-57 6-23 477 — 
1-75 _- 27-91 19:20 12-80 8-38 5-39 415 2-92 
1-50 _ 25-65 17-42 11-49 7:15 4:32 3-58 2-29 
1-25 — 22-70 14-93 9-65 6-06 3°47 2-81 1-96 
1-00 — 19-55 12-32 7-90 5-02 2-77 2-25 1-60 
0-75 — 16-21 9-65 6-63 3-95 2-28 176 — 
0-50 — 12-15 6-93 4-68 2-74 1-62 099 — 
0-25 _ 7-14 3°81 2-57 1-69 — — _ 
Series D. C = 0:385%; weight of steel in bulb = 154°8 g. 
2-00 —_ 22-05 15-75 9-60 6-77 4-02 254 — 
1-75 = 20-58 14-02 8-75 5-72 361 239 — 
1-50 — 18-68 13-00 7-91 4-73 2-87 202 — 
1-25 —_ 15-98 10-96 6-89 4-21 2-59 181 — 
1-00 —_ 13-52 9-05 5-29 3-42 2-02 136 — 
0-75 — 11-08 7-14 4-18 2-62 1-38 100 — 
0-50 — 8-15 5-02 2-64 1-68 103 065 — 
0-25 — 4-30 2-92 1-61 — — — — 
Series E. C = 0-500%; weight of steel in bulb = 131-0 g. 
2-00 — 20-89 13-37 9-19 5-80 3-42 — 1-54 
1-75 — 18-62 11-83 7-95 4:95 2-75 — 1-22 
1-50 — 16-78 10-86 6-62 4-28 2-55 — — 
1-25 — 14-80 9-49 5-59 3°47 2-26 — —_ 
1-00 — 12-95 7-53 4°34 2-74 1-74 — 0-80 
0:75 — 10-34 6-01 2-93 2-01 1-30 — 0-59 
0-50 —_ 6-91 4-02 1-80 1:27 0-93 — — 
0-25 — 3°99 2-38 0-89 — — ae: —_ 


* These experiments were conducted at 860° instead of 850° because the 
latter is very close to the transition temperature for this steel. 
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Temperature. 


oo 





Press. - “ 
(atmos.). 750°. 800°. 850°. 900°. 950°. 1000°. 1050°. 1100°. 
Series F. C = 0-795%; weight of steel in bulb = 167-5 g. 


2-00* 26-07 16-03 9-68 5-40 3-36 2-21 — 
0-87 


1-75 22-75 13-93 7-91 4-86 3-03 2-09 — 

1-50 21-72 12-29 6-96 4-21 2-43 1-68 — 0.78 
1-25¢ 18-18 10-58 6-57 3-26 1-95 1-19 — — 
1-00 16-33 8-78 5-04 2-72 1-52 0-82 — 60-43 
0-75 12-41 6-71 4:00 1-90 1-01 0-83 — — 
0:50 8-83 4-66 2°77 1-37 0-88 0-62 — 

0-25 5-33 2-55 1-26 — = == ~- -— 


Series G@. C = 1:120%; weight of steel in bulb = 144-7 g. 


2-00 — 11-99 7-40 3-93 2-44 1-59 — — 
1-75 — 10-43 6-26 3-51 1-84 1-43 — — 
1:50 — 8-84 5-50 2-88 1-56 1-00 ~= -- 
1-25 — 8-68 4-49 2-15 1-45 0-91 — _- 
1-00 —- 6-68 3°47 1-73 1-13 0-72 — — 
0-75 —_ 5-56 2-36 1-39 0-98 0-43 _ —_— 
0-50 — 3°70 1-72 1-01 — --- = -- 


Series H. C = 1-550%; weight of steel in bulb = 184-6 g. 


2-00 21-50 11-72 6-24 3-11 1-81 0-96 068 — 
1-75 20-24 10-41 5-65 2-64 1-64 0-86 050 — 
1-50 17-92 8-98 4-82 2-21 1-21 0-73 054. — 
1-25 15-99 7-81 3-79 2-01 1-08 0-79 0-53 — 
1-00 13-25 6-60 3-30 1-53 0-77 0-58 0-36. — 
0-75 10-98 4-81 2-41 1-02 0-62 0-35 0-25 — 
0-50 7-65 3°73 1-32 0-91 0-48 0-27 0-18 —- 
0-25 4-24 1-88 0-81 0-42 — -- -- — 
Series K, C = 2:050%1; weight of steel in bulb = 129-7 g. 
2:00 -—- 11-70 6-47 3°13 1-98 0-93 — — 
1:75 -— 10-50 5-62 2-74 1-37 — — -—- 
1-50 — 9-36 4-83 2-13 1-07 0-76 —— ~- 
1-25 — 7-51 3-90 1-78 1-14 0-60 —-- — 
1-00 -- 6-41 3-11 1-48 0-97 0-48 — — 
0-75 — 4-57 2°17 1:37 0-65 = a 
0-50 -— 3-84 1-58 0-85 0-41 —- ~—- ~~ 
0-25 —- 1-90 0-75 0-42 --- -- - —- 


* At 1150° and 2 atmos., CO, = 0°56%. 

t+ At 1150° and 1°25 atmos., CO, = 0°28%. 

¢ As it was not possible to prepare a steel of much higher carbon concen- 
tration than the one used in Series H by the cementation process, a steel of the 
following composition was used for this series of experiments: C, 2-05; Si, 
0:07; Mn, 0-15; 8S, 0-02; P, 0-02%. 


The results in Series A are represented graphically in Figs. 2 
and 3. In Fig. 2, the relationship between the percentage of 
carbon dioxide and pressure at the temperatures indicated is shown, 
whilst in Fig. 3 the connexion between per cent. of carbon dioxide 
and temperature at various pressures is indicated. A similar set 
of curves is obtained when the results given in Series B are plotted. 
The experimental figures obtained in Series C—K give curves of 
the same type as those shown in Figs. 4 and 5, which refer to Series E, 




















MIXTURES OF CARBON MONOXIDE AND CARBON DIOXIDE, ETC. 1649 


Figs. 6 and 7 represent the results obtained with the highest-carbon 
steel. 
Fig. 2. Fig. 3. 
Series A. Carbon = 0-125%. 
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Only a few results at 750° are recorded in the foregoing tables, 
owing to the limitations imposed by the time required for equi- 
librium to be established at this temperature (60—70 hours). 
Further, - account of the difficulty of accurately analysing gas 
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mixtures containing less than 1% of carbon dioxide, the number 
of experiments at the higher temperatures was also limited. 


Fie. 6. Fic. 7. 
Series K. Carbon = 2-050%. 


















































br 
EAN 
= “ Py y Ne, 
i. ral Sa 
¢ || +7 18S. 
— | _ sh SSS 
1000" 
°0 0-5 1-0 1-5 800° 850° 900° 950° 1000° 
Pressure, atmos. Temperature. 
Fic. 8 
100 0 
——— 
.—~ 





ee 
: UZAa 
VAM MA 





A 10 
Sa 





AN 















































/ L 
SMS, 
A v8TeX 7 
3 / Ay , 3S 
o 80 7 20 a 
io) 
; Wy \ : 
/ 
d o—*| 
ro) at 
— 
7 j Po is 
/ 7° 
I - 
Ls al 
| | 
2 
Pa Lo— 40 
700° 800° 900° 1000° 1100° 
Temperature. 


The following table shows the average times taken for equi- 
librium to be established at the temperatures indicated; through- 
out the various series of experiments, this time at any one tem- 
perature was approximately constant. 


MES. essnscsns 750° 800° 850° 900° 950° 1000° 1050° 1100° 1150° 
Time, hrs. ... 66 33 22 18 145 12 10 8 6 
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The original Swedish iron was not used because the results 
obtained from such a set of measurements would probably be of 
little value for the following reasons: (a) On account of the very 
small weight ofjcarbon actually present in the steel used, a slight 
variation of this quantity would have a comparatively large effect 
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on the equilibrium value of the gas in contact with it. For example, 
if at any time during the series of experiments, 10 c.c. of carbon 
dioxide in excess of the quantity necessary for equilibrium were 
introduced, this would remove one-sixth of the total quantity of 
carbon present. (b) It is known that steel dissolves an appreciable 
quantity of carbon monoxide, and if the carbon concentration is 
very low the effect of this dissolved gas may not be negligible. 
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(c) It will be obvious from the position of the iron-iron oxide curve 
in Figs. 8 and 9 that, for a steel containing 0-03% of carbon at 
temperatures below 950°, oxidation will take place. (d) As will be 
seen later, the results of such a series of experiments would not 
add materially to the value of the deductions made from those 
already obtained. 


Discussion of Results. 


Equation (1) (p. 1642) represents a balanced action which has 
been studied extensively by previous investigators, and its equi- 
librium constant k, can be expressed as k, = [CO}*/[C][CO,]. If 
the partial pressures are represented: by poo, Poo, and po respect- 
ively, and the total pressure is P, then, since pg is negligibly 
small compared with the other two, poo + poo, = P, and the 
equilibrium constant can be represented thus : 

ap 22P (Ja) 
(ja —aP-[qad—-ay °° 
where x and (1 — a) are the fractions of monoxide and dioxide 
respectively in the equilibrium mixture. For all cases in which 
solid carbon is present, [C] has a definite value, {C,], for each tem- 
perature irrespective of the total pressure. Hence, for any particular 
temperature 


k= 


K,=&[C,)=2P/(l—z). . . . (le) 


In the absence of free carbon in the solid phase, however, [C] is 
a variable quantity. Since a mixture of carbon monoxide and 
dioxide carburises or decarburises a given steel according to con- 
ditions of temperature and pressure, it follows that the reaction 
involved is a balanced one which may be represented by equation (2). 
An examination of the analytical results obtained from this investig- 
ation has shown that, for any given steel at constant temperature 


22P/(1 — x)= a . (2a) 
in which K, is a constant. The le given in Table I, which 


refer to the experiments made at 800° in Series D, illustrate this 
point : 


TABLE I. 
P P 
(atmos.). z. (l—2z). Kg. (atmos.). Ze (1 — 2). K;- 
2-00 0-7795 0-2205 5-51 1-00 08648 0-1352 5-53 
1-75 0-7942 0-2058 5-36 0-75 0-8892 060-1108 5-36 
1-50 0-8132 0-1868 5-32 0-50 0-9185 0-0815 5-18 
1-25 0-8402 0-1598 5-52 0-25 0:9570 0-0430 5-32 


All the results obtained have been treated in a similar manner, 
and in every case a constant of the type represented by K, in 
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equation (2a) has been found (mean values of these are shown in 
Table IT). 

Before considering equation (3), it is necessary to summarise 
the views concerning the constitution of austenite : 

(a) Many workers regard austenite as a solid solution of free, 
atomically dispersed carbon in y-iron. When an austenitic solu- 
tion is cooled, for every g.-mol. of iron carbide deposited at the Ar, 
point there are 7000 calories of heat evolved (see p. 1665) in addition 
to that given out by the iron during its transition from the y- to 
the «-state. On the theory stated, this would represent the heat 
of formation of iron carbide from its elements, i.e., iron carbide 
would be an exothermic compound, which is certainly not the 
case. 

(b) Van ’t Hoff’s law connecting the lowering of the freezing 
point of a solvent with the concentration of a solute has been 
applied by Bramley (private communication) to the depression of 
the A, and A, transition temperatures resulting from the addition 
of carbon to iron. It was shown that, on the assumption that the 
carbon in austenite is present as iron carbide, the calculated loci 
of the transition temperatures agree with those found experiment- 
ally. On the other hand, the carbon being assumed to be free and 
atomically dispersed, the calculated loci are considerably higher. 
The former assumption is therefore more probably correct. 

(c) If all the carbon in austenite is free, then the separation of 
cementite from such a solution and under such well-defined con- 
ditions as indicated by the A,,, line is not easily comprehended. 
On the other hand, if all the carbon is combined as iron carbide, 
the separation of graphite according to the graphite solubility line 
cannot be explained satisfactorily. To assume that cementite is 
unstable at the temperatures at which graphite is deposited from 
austenite removes one difficulty only to raise another, for if such 
were the case, the dissociation of iron carbide into iron and graphite 
would proceed to completion before equilibrium was established. 
The recent work of Bramley and Allen (Zng., 1932, 133, 305) 
has shown that this is not the case. It thus appears most probable 
that austenite contains both free carbon and iron carbide, each 
exerting a certain osmotic pressure, and, for any given temperature 
between certain limits, each having its own characteristic solubility. 
Judging from the position of the calculated loci of the transition 
points A, and A,, it would appear that by far the greater portion 
of the carbon present is in the form of carbide. 

(d) The assumption of the presence of both free and combined 
carbon in austenite affords a simple explanation of the mechanism 
of the diffusion of carbon into steel during the process of cement- 
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ation. This solid-diffusion theory has received additional support 
recently from Day (Trans. Amer. Soc. Steel Treating, 1926, 9, ii, 
247) and from Takahashi (Sci. Rep. Tohéku Imp. Univ., 1928, 17, 
761), both of whom were unable to explain their experimental 
results by the alternative theory of gaseous diffusion. 

In accordance with the foregoing views, the carbon in austenite 
is partly free and atomically dispersed and partly combined as 
iron carbide, and there exists between the two a balanced action 
which is represented by equation (3), for which the equilibrium 
constant may be expressed as K,’ = [Fe,C]/[Fe)(C,], where [C,] 
represents the concentration of free, atomically dispersed carbon, 
and the other symbols have their usual significance. 

Since the concentration of free iron is very nearly constant, the 
above equation may be expressed as 


K, = K,'[FeP = [Fe,CV/[C.]. . . . (8a) 


Application of Henry's Law.—Since the composition of the 
mixture of carbon monoxide and dioxide which is in equilibrium 
with steel at a given temperature and pressure has been found to 
vary with the percentage of carbon in the steel, it follows that the 
concentration of carbon in the gaseous phase must be controlled 
in some way by that of the carbon in the steel. 

From equations (la) and (2a), which may be expressed as 


K,=k{[C,])=22P/l—z). . . . (2a) 


it follows that the concentration of carbon vapour [C,] in the gas 
which is in equilibrium with a given steel at a certain temperature 
is fixed and independent of pressure. 

If all the carbon in austenite is free and atomically dispersed, 
we have [C,]/[C,] = K,/k,[C,] = constant. If, on the other hand, 
it is partly free and partly combined as indicated in equation (3), 
we have, from equations (2a’) and (3a), [C,]/[C,] = (K,/k)/ 
({Fe,C]/K,) = constant. Thus, in either case, Henry’s law is 
obeyed. 

On the assumption that the whole of the carbon in austenite is 
combined as iron carbide, it is difficult to conceive how the vapour 
pressure of carbon in the gaseous equilibrium mixture in contact 
with it is fixed by such a solution. 

The foregoing results have an interesting bearing on the mole- 
cular condition of carbon in the vapour state. Since Henry’s law 
is obeyed, it follows that the uncombined carbon in the austenitic 
solid solution must be in the same molecular condition as that in 
the gaseous phase. Furthermore, the persistence of this relation- 
ship throughout the temperature interval concerned, i.e., 800— 
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1100°, suggests that there is no change in the molecular complexity 
of the carbon molecules over this range of temperature. It has 
been shown by one of the authors (private communication) that 
there is very good reason for assuming that the free carbon in 
austenite is monatomic; therefore the conclusion is drawn that 
the molecules of carbon in the vapour state also contain only one 
atom under these conditions. 

It has been shown by Kohn and Guckel (Z. Physik, 1924, 27, 
305) that, at the temperature of the electric arc, carbon vapour is 
monatomic, and the present investigation indicates that this condition 
persists down to 800°. 


Application of Results to the Iron—Carbon Equilibrium Diagram. 


Following the method of previous investigators for purposes of 
comparison, the results obtained in this investigation at 1 and 2 
atmos. pressure have been represented in Figs. 8 and 9 respectively, 
the curves for a 0-05% carbon steel having been calculated by the 
aid of results represented in Fig. 10. 

According to Johansson and von Seth (loc. cit.), the graphite 
line crosses the ferrite-austenite line at 730° and the cementite— 
austenite line at about 800°, and above this temperature the pro- 
portion of carbon dioxide in equilibrium with graphite is lower 
than that in equilibrium with cementite. On the other hand, 
Becker (loc. cit.) found that the graphite line crossed the first line 
at about 720° but did not cross the second line at all. The results 
of the present investigation (Figs. 8 and 9) show that the graphite 
line crosses the ferrite—austenite line at 760°, but remains through- 
out its length on the same side of the cementite—austenite line. 
This is in accordance with the view that the vapour pressure of 
carbon above cementite is greater than that above graphite through- 
out the range of temperature investigated. In the experiments 
with the 205% carbon steel, analysis showed that, contrary to 
expectation, no precipitation of carbon had taken place. For a 
total pressure of 1 atm., the proportions of carbon dioxide in the 
equilibrium mixtures in contact with steels of given carbon con- 
centrations are, according to Becker’s measurements, considerably 

lower than those determined by Johansson and von Seth. The 
results shown in Fig. 8 are slightly lower than those of Becker. 
This difference is discussed later. 

The results enumerated in cols. 1 and 2 of Table II are repre- 
sented graphically in Fig. 10, from which it will be seen that, for 
each temperature there exists a linear relationship between the con- 
stant K, and the concentration of carbon in the steei up to a certain 
point, beyond which the value of the constant remains fixed. 
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It has been shown in equation (2a’) that the constant K, is 
directly proportional to [C,], the concentration of carbon vapour 
in the gas which is in equilibrium with a given steel. Thus, so 
far as the inclined portions of the lines in Fig. 10 are concerned, 
it follows that the concentration of carbon vapour in the gaseous 
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mixture in equilibrium with a steel is directly proportional to the 
concentration of carbon in the latter. Further, since Henry’s law 
is applicable, the concentration of atomically dispersed carbon in 
the steel is also proportional to the total concentration of carbon 
in it. 

It will be seen from Fig. 10 that at 800° K, reaches its maximum 
value at the point A, when the concentration of carbon in the steel 
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Taare II. 
C, %s K,/K,= Cc, %» K,/K —_ 
in steel. K,. [C,]/[C,]. K,/K. in steel, Ky. [Ce I/[C4]- K,/K;,. 
Temp., 800°; K, == 6-19. Temp., 1000°; K, = 131-0. 
0-125 2-86 0-46 0-125 14:00 0-11 0-11 
0-210 2-72 0-44 0-210 25-66 0-20 0-18 
0-260 3°23 0-52 0-260 31-09 0-24 0-21 
0-385 5-38 0-87 0-83 0-385 47°51 0:36 0-36 
0-500 6°17 1-00 0-98 0-500 55°34 0-42 0-42 
0-795 9-40 1-52 1:51 0-795 91-20 0-71 0-73 
1-120 12-85 2-08 2-16 1-120 136-80 1-05 1-06 
1-550 13-31 2-15 2-16 1550 192-35 1-47 1-42 
2-050 13-32 2-15 2-16 2050 204-70 1-56 1-57 
Temp., 850°; K, = 14-80. Temp., 1050°; K, = 242-7. 
0-125 3-41 0-23 0-125 21-63 0-09 0-09 
0-210 0°35 0-210 35-72 0-15 0-15 
0-260 6-08 0-41 0-41 0-260 40-23 0-17 0-18 
0-385 9-02 0-61 0-66 0-385 71-71 0-30 0-30 
0-500 11-34 0-77 0-78 0-500 0-35 
0-795 18-11 1-22 1-26 0-795 0-61 
1-120 26-00 1-76 1-79 1-120 0-89 
1-550 29-84 2-01 1-99 1550 2381-45 1-16 1-20 
2-050 29-83 2-01 1-99 2-050 1-46 
Temp., 900°; K, = 32-57. Temp., 1100°; K, = 427-0. 
0-125 5-40 0-17 0-17 0-125 32-94 0-08 0-08 
0-210 8-82 0-27 0-28 0-210 52-96 0-12 0-12 
0-260 10°13 0-31 0-33 0-260 60-16 0-14 0-15 
0-385 17-95 0-55 0-54 0-385 0-26 
0-500 20-99 0-65 0-63 0-500 123-60 0-29 0-30 
0-795 34-61 1-06 1-02 0-795 204-60 0-48 0-53 
1-120 50-58 1-55 1-50 1-120 0-77 
1-550 61-83 1-90 1-84 1-550 1-03 
2-050 60-98 1-86 1-84 2-050 1-36 


Temp., 950°; K, = 67-30. 
0-125 8-99 0-13 0-13 
0-210 14-62 0-22 0-22 
0-260 17°10 0-25 0-26 
0-385 27-42 0-41 0-43 
0-500 33-76 0°50 0-51 
0-795 60-12 0-89 0-87 
1-120 84-43 1-25 1-26 
1550 113-10 1-68 1-69 
2-050 113-90 1-70 1-70 


is 108%. For steels containing a higher concentration of carbon, 
the value of K, does not alter. Thus, the point A represents the 
saturation value of carbon in austenite which is in equilibrium 
with cementite; A, therefore, is a point on the A,» line in the iron- 
carbon equilibrium diagram. In the same way, the points B—E 
also represent points on the A,» line at the temperatures indicated. 

It has been shown in equation (la’) that for a mixture of carbon 
monoxide and dioxide in equilibrium with graphite, for each tem- 
perature there is an equilibrium constant K, = k,[C,], where [C,] 
is the carbon vapour pressure above graphite. Similarly, for a 
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mixture of these gases in equilibrium with a given steel, there is 
an equilibrium constant for each temperature, which, according 
to equation (2a’), is given by K, = k,[C,], where [C,] is the pressure 
of carbon vapour above the steel. Hence, we have K,/K, = 
[C,]/[C,], t.e., the equilibrium constants of reactions (2) and (1) 
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stand in the same relation to one another as the carbon vapour 
pressures above steel and graphite respectively at the same tem- 
perature. The values of K, as deduced by Tigerschiéld (Jern- 
kontorets Ann., 1923, 67), together with the corresponding ratios 
K,/K,, are included in col. 3 of Table IT, and in Fig. 11 these have 
been plotted against temperature for each steel. 

Below the horizontal line DE through the ordinate 1-0 in Fig. 11, 
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the carbon vapour pressure above steel is less than that in equi- 
librium with graphite, whilst above this line the opposite is the 
case. Since the curve AB, which refers to steels containing free 
cementite, is, throughout its length, considerably above the line 
DE, it follows that, at any rate between 700° and 1100°, the carbon 
vapour pressure above cementite is greater than that above graphite. 
This result is in agreement with the observations of Schenck and 
of Becker but not with those of Matsubara or of Johansson and von 
Seth. The line AC represents the lower temperature limits of 
austenitic solid solutions. At the point A, ferrite, austenite, and 
cementite are in equilibrium with one another; thus, it corresponds 
to the eutectoid point S on the iron-carbon equilibrium diagram. 
The temperature corresponding to the point A in Fig. 11 is 697°, 
which is in good agreement with the accepted value. 

The position of the line DE is of great practical importance in 
the annealing of steel in the presence of free graphite. If a steel, 
in a condition represented by any point below this line, is subjected 
to the action of an atmosphere containing carbon monoxide and 
dioxide in the presence of free graphite, it will undergo further 
carburisation; on the other hand, if it is represented by any point 
above the line DE, it will be partially decarburised in a similar 
atmosphere. For example, if a steel containing 1-12% of carbon 
is annealed at 910° in the presence of free graphite, it will pass 
from the condition represented by the point F in Fig. 11 to that 
indicated by the point G, i.e., the concentration of carbon (in the 
surface layers, at any rate) will be reduced to 0-80%. 

The figures given in the last column of Table II have been read 
off the curves in Fig. 11, and have been used to construct the 
diagram in Fig. 12, in which the relationship between the ratio 
[C,]/[C,] and the concentration of carbon in the various steels is 
plotted for each temperature. At 800°, the horizontal line NO 
corresponds to a constant vapour pressure of carbon above the 
equilibrium mixtures of ferrite and austenite having a composition 
indicated by the point O. Between the extreme limits of com- 
position of austenite at this temperature, the variation of the 
vapour pressure of carbon with its concentration in the solid solu- 
tion is indicated by the straight line OA. For total concentrations 
of carbon greater than that indicated by point A, free cementite 
is present, and the horizontal line AP thus represents the constant 
vapour pressure of carbon above the equilibrium mixture of austenite 
and cementite. It will be seen that O indicates the position of a 
point on the A, line, and the same applies to the point R. It is 
of interest that points on the A, line can be obtained from Fig. 3 
and a corresponding figure for Series B. The two sets of curves 
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intersect at a constant temperature, which, with the corresponding 
carbon concentration, gives a point on the A, line. In Fig. 12, 
A, B, C, D, E, and F correspond to points on the A,,, line at the 
temperatures indicated. 

Johansson and von Seth represented their results in the same 
way as those in Fig. 12, but their curves fell very much lower than 
the corresponding curves in this figure. Further, the points of 
intersection of the inclined and horizontal lines in their diagram 
would lead to an A,» line in the iron-carbon equilibrium diagram 
far removed from that generally accepted, e.g., at 1000° their 
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results would fix a point on the A,,, line corresponding to 0-75% 
of carbon. In view of the results obtained in the present investig- 
ation and shown in Fig. 12, there appears to be no justification for 
their assumption that the inclined lines merge gradually into the 
horizontal ones instead of intersecting them at definite points. 

At 800°, the point G, where the line OA and the horizontal line 
XY drawn through the ordinate 1-0 intersect, indicates the con- 
centration of carbon in an austenitic solution having the same 
carbon vapour pressure as that above graphite. Thus the position of 
G fixes a point on the graphite solubility line in the iron-carbon 
equilibrium diagram. In the same way, the concentrations of 
carbon corresponding to H—M fix other points on the graphite 
solubility line at the temperatures indicated. Table IIT gives the 
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positions of points on this equilibrium diagram obtained as indicated 
from Fig. 12 (or, for 830°, from the results of Series B). 


TaB_e III. 

Points on the A, Points on the Aun Points on the 

line. line. graphite line. 
Temp. C, %. Temp. C, %- Temp. C, %- 
800° 0-24 800° 1-09 800° 0-51 
830 0-21 850 1-23 850 0°62 
850 0-15 900 1-38 900 0:75 
865 0-125 950 1-54 950 0-91 
1000 1-72 1000 1-09 
1050 1-90 1050 1-30 


1100 1-51 


In Fig. 13 the lines GO, OS, and SE are identical with those given 
by Carpenter and Keeling (J. Iron Steel Inst., 1904, I, 224). The 
points on the A, line enumerated in Table III are indicated by dots, 
and those on the A,,, line by circles : in both cases, the results are in 
very good agreement with those of the above authors. 

The position of the graphite solubility line is indicated by the 
curve S’E’, which has been plotted from the results given in Table 
III. In a recent investigation by Bramley and Allen (loc. cit.), 
a carbon solubility line was determined by an entirely different 
method, and its position is represented by the broken line in Fig. 13; 
throughout its length, this line lies very close to, but slightly to the 
right of, the line S’E’. 

At first sight, it would appear that the position of this line should 
be independent of the method of determination, but consideration 
shows that this is not necessarily the case. When, as a result of 
annealing, carbon is precipitated from a high-carbon steel or from 
white cast iron, as in the production of malleable iron castings, it 
is probably amorphous and is in a very different state from the 
lenticular flakes of graphite present in grey cast iron. Attention 
has already been drawn to this by Hatfield (“Cast Iron in the 
Light of Recent Research,” p. 270), who refers to it as annealing 
carbon. Inthe work of Bramley and Allen, the equilibrium between 
austenite and solid carbon was determined by direct precipitation 
from a high-carbon steel as a result of prolonged heating at different 
temperatures, and the precipitated carbon appeared to be amorph- 
ous. It has been shown by Dent and Cobb (J., 1929, 1903) that the 
vapour pressure of carbon above graphite is lower than that above 
any other form of carbon at 800°. It follows, therefore, that the sol- 
ubility of graphite is lower than that of any other form of carbon 
at that temperature, and there is no apparent reason why it should be 
otherwise over the range of temperature covered by this investig- 
ation. These considerations indicate that the solubility curve of 
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carbon in equilibrium with graphite lies to the left of that obtained 
when austenite is in equilibrium with any other form of carbon. 
Thus the relative positions of the two carbon solubility curves in 
Fig. 13 are accounted for. 

It is noteworthy that Becker’s results, represented by him in a 
figure similar to Figs. 8 and 9, would fix the position of the graphite 
solubility line very close to the A,,, line and considerably to the 
right of the broken line in Fig. 13. This would indicate that the 
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solubility of graphite is considerably greater than that of amorphous 
carbon, which is not the case. 

Becker (loc. cit., Fig. 6) gives a series of curves showing the 
relationship between log K, and the concentrations of carbon in 
the steels used for various temperatures. For purposes of com- 
parison, our results have been represented similarly in Fig. 14, in 
which K, has the same meaning as Becker’s K,. Each of his graphs, 
like those given in Fig. 14, consists of two distinct parts, but the 
curved portion in every case shows a marked inflexion in the curva- 
ture near the point of intersection with the straight-line part. In 
no case in Fig. 14 is there any sign of inflexion in the curvature of 
the middle portions of the curves. The points A, B, C, D, and E 
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correspond to points on the A,,, line, and their positions are in 
good agreement with the accepted values. It would appear that 
Becker deduced the positions of similar points from the A,,, line, 
thus necessitating an inflexion of his curves, similar to that described 
above, in all cases. From the positions of the experimental points 
alone, as given by Becker, there appears to be no justification for 
drawing his curves with inflexions: smooth curves without inflex- 
ions can be drawn through the points, but these intersect the 
horizontal lines at points which correspond to concentrations of 
carbon appreciably greater than those required by the A,,., line. 


Thermochemical Relationships. 


Determination of the Heat of the Reaction Fe,C + CO, = 3Fe + 
2CO.—It has already been shown that for this reaction there exists 
an equilibrium constant, K, = [CO}*/[CO,], the value of which 
is independent of the pressure; the values of K, for various steels 
and temperatures have been given in Table II. By application of 
van ’t Hoff’s isochore, we have, if the heat effect of the reaction 
remains constant over the range of temperature concerned, 
d log. K,/dT = — Q/RT? or 


log. Kye=Q/RT +2... .24 (4 


where Q is the heat evolved by the reaction and J is an integration 
constant. 

The values of log, K, have been plotted against the reciprocals 
of the absolute temperatures in Fig. 15 for all the steels used, from 
which it will be seen that in each case the relationship is linear. 
It follows, therefore, that equation (4) is obeyed, and the heat 
effect of the reaction is constant for a given steel within the limits 
of experimental accuracy, over the range of temperature considered. 

It follows from equation (4) that ) 


Q = R (log, K,’ — log, K,”)/(1/T’ —1/T”). . (5) 
in which K,’ and K,” are the equilibrium constants corresponding 
to the temperatures 7” and 7” respectively. The values of Q, 


together with the corresponding values of J, have been calculated 
for each steel by the aid of equation (5) and are as follows : 


C, %. Q, cals. } 2 C, %. Q, cals. z 
0125 —28,820 11-39 0-795  —30,600 16-61 
0-210  —29,750 14-92 1-120 —31,390 17-34 
0-260 —29,430 14-95 1550 —30,420 17-25 
0-385 # —29,610 15-53 1-550 
0-500 — 29,590 15-70 2-050 — 36,950 19:04 


The mean of the first 8 values of Q is — 29,950 cals. Two values 
are given for Y for the 1-550% carbon steel, for the following reason. 
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Above 950°, this steel is entirely in the austenitic state and the value 
— 30,420 cals. given above was deduced from the line AC in Fig. 15, 
which represents the results obtained with the steel in that con- 
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dition. In the same steel below 950°, free cementite was always 

present, and its values of log. K, for the lower range of temperature 

fall on the same straight line BCD as those for the 2-05% carbon 

steel. The value — 36,950 cals. was deduced from this line. 
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For steels in the austenitic condition, the given values of Q 
are approximately constant, and taking the mean, we obtain the 
equation 

3Fe(y-) + 2CO = Fe,C (dissolved) + CO, + 29,950 cals. . (6) 
The iron carbide formed by the action of carbon monoxide on y-iron 
dissolves in the excess of the latter with the formation of austenite. 

For the case in which free cementite is present, we have 
3Fe(y-) +- 2CO = Fe,C (precipitated) +- CO, + 36,950 cals. (7) 
By subtracting equation (6) from (7), we get 

Fe,C (dissolved) = Fe,C (precipitated) + 7,000 cals. 
Hence, it follows that the heat of solution of iron carbide in austenite 
is — 7000 cals. per g.-mol. By an entirely different method, a 
closely agreeing value of — 6200 cals. per g.-mol. was deduced by 
Bramley (unpublished) for this quantity. 

Determination of the Heat of Formation of Iron Carbide.—The 
direct determination of this quantity involves great experimental 
difficulties, and its value can only be ascertained by indirect methods. 
Previous attempts to solve the problem are summarised, together 
with the results, in Table IV. There is an enormous variation, 
and the actual value is not yet known with any certainty. 








TABLE IV. 
Heat of Formation of Iron Carbide. 
Q, cals. 
per g.-mol. 
of Fe,C. Method. Investigators. 
+ 8,494 Calorimetric. Campbell, J. Iron Steel Inst., 1901, I, 211, 
+ 8,940 Equilibria. Schenck, Semiller, and Falcke, loc. cit. 
+ 2,270 Calorimetric. Jermiloff, J. Ruse. Met. Soc., 1911, 351. 
0 fe Baykoff, Metall. Mem., 1911, 8, 315. 
— 15,300 a Ruff and Gersten, Ber., 1912, 45,63; 1913, 46, 
314. 
— 13,580 ds Brodie, Jennings, and Hayes, T'rans. Amer. 
Soc. Steel Treating, 1926, 10, 615. 
— 19,162 Equilibria. Maxwell and Hayes, J. Amer. Chem. Soc., 
1926, 48, 584. 
— 15,405 i Schenck, loc. cit. 
- 4,800 Calorimetric. Watasé, Sci. Rep. Tohédku Imp. Univ., 1926, 
17, 1091. 
— 5,400 - Roth, Arch. Hisenhiittenw., 1929—30, 3, 343. 


It is possible, from the results of the present investigation, to 
calculate the heat of formation of iron carbide by two independent 


methods : 


(I) Consider the three free-energy equations : 
2CO(g) = C (graphite) + CO,(g); free-energy change = AF, (8) 


3Fe(y-) + 2CO(g) = Fe,(s) + CO,(g) __,, ” 
3Fe(y-) + C (graphite) = Fe,C(s) ” ” 


= AF, (9) 
= AF, (10) 
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By subtracting equation (8) from equation (9), we have 
but (compare equation 2a) AF, = RT log, K, 
and (compare equation la’) AF, = RT log, K, 
Hence AF, = RT (log. K, — loge K,) . . . (11) 
The values of K,, the equilibrium constant for equation (9), have 
been ascertained from the results obtained with the 2-05°% carbon 
steel, and the logarithms of these quantities have been read off 
the corresponding line BCD in Fig. 14. These, together with the 
values of log, K, deduced from Tigerschidld’s data, are given in 
Table V. This particular steel was selected because this is the 
only case in which free cementite is present throughout the whole 
range of temperature concerned. The values of AF, have been 
calculated for each temperature with the aid of equation (11) and 
the results are included in Table V. 


TABLE V. 

Temp. Log, K,. Log. K,. AF;(cals.). AH (cals.). 
800° 1-823 2-61 1678 4639 
850 2-695 3-39 1551 4665 
900 3-484 4°10 1439 4677 
950 4-210 4°74 1288 4651 

1000 4°875 5-32 1126 4667 


The rate of change of free energy with temperature is approxim- 
ately constant between 800° and 1000°, and its value is given by 
d(AF)/dT = (1126—1678)/200 = — 2-76 cals. per degree. 
The heat effect of reaction (10) may be calculated from the 
above results by application of the Gibbs-Helmholtz equation 
d(AF)/dT =(APF—AH)/T . . . . (12) 


in which AF = free-energy change, AH = heat absorbed by the 
reaction, and 7’ = absolute temperature. Hence, by substitution 
in equation (12), the value of AH for the reaction indicated by 
equation (10) may be calculated : 
AH go = 1678 + 2-76 X 1073 = 4639 cals. 

The values of AH for the other temperatures, similarly calculated, 
are given in the last column in Table V. They are approximately 
constant, and the mean value for the heat of formation of iron 
carbide from y-iron and graphite between 800° and 1000° is — 4660 


cals. per g.-mol. 
(II) For the action of carbon monoxide on a steel in the austenitic 


condition, we have, from equation (6) 
3Fe(y-)} + 2CO = Fe,C (dissolved) + CO, + 29,950 cals. . (6a) 
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The heat effect of the reaction 2CO = C + CO, has been deduced 
from Tigerschidld’s results, which give 41,650 cals. Maxwell and 
Hayes (loc. cit.), from consideration of the results obtained by 
Rhead and Wheeler (J., 1910, 97, 2178; 1911, 99, 1140), concluded 
that the best value was 41,950 cals. In both cases the heat effect 
was found to be practically independent of temperature. Taking 
the mean of these two figures, we have 


2CO = C + CO, + 41,800 cals. . . . (13) 
By subtracting equation (13) from (6a) we get 
3Fe(y-) + C = Fe,C (dissolved) — 11,850 cals.. . (14) 


Taking the heat of precipitation of iron carbide from austenite as 
7000 cals. per g.-mol. (p. 1665), we have 


Fe,C (dissolved) = Fe,C (precipitated) + 7000 cals.. . (15) 
On adding equations (14) and (15), we obtain 
3Fe(y-) + C = Fe,C (precipitated) — 4850 cals. 


Thus, the results obtained independently for the heat of formation 
of iron carbide are in excellent agreement. Taking the mean 
value, we have 


3Fe(y) + C (graphite) = Fe,C — 4750 cals.. . (16) 
The heat of transition from «- to y-iron is given by 
3Fe(«-) = 3Fe(y-) — 2200 cals... . . (17) 


Addition of equations (16) and (17) gives 
3Fe(«-) + C (graphite) = Fe,C — 6950 cals. 


This result is not very different from that obtained by Roth (loc. 
cit.) in the most recent calorimetric determination of this quantity. 

Schenck (loc. cit.), in referring to his earlier determination of this 
value, which was deduced from a study of the equilibria between 
carbon monoxide, carbon dioxide, and steel, concluded that it was 
vitiated by oxidation of the metal. Later, he sought to avoid this 
complication by studying the equilibria between mixtures of 
methane, hydrogen, and steel. 

The results obtained in the present investigation and represented 
in Figs. 8 and 9 indicate that, with mixtures of carbon monoxide 
and dioxide, oxidation can be avoided. The recent work of Wheeler 
and Wood (Fuel, 1930, 9, 567) has shown that in the presence of 
steel or silica, methane when heated above 650° gives rise to a 
variety of products including a number of higher hydrocarbons. 
These observations would tend to show that the result obtained 
by Schenck in his later work is also of doubtful value. 
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Summary. 

1. A critical survey of the work carried out by previous investig- 
ators has been given. 

2. The equilibria between mixtures of carbon monoxide and 
dioxide and steels, with carbon concentrations ranging from 0-1 to 
20% at temperatures between 750° and 1150°, have been, deter- 
mined for total pressures of 0-25—2-0 atmos. A static method of 
establishing equilibrium was used. 

3. All the steels, with the exception of that containing 2.0% of 
carbon, were prepared from the same bar of Swedish charcoal iron 
by direct gaseous cementation, thus restricting the effects on the 
equilibria to a variation in the concentration of carbon only. 

4. It has been found that the concentration of carbon vapour 
in the gaseous equilibrium mixture in contact with steel is governed 
by its concentration in the steel in a way indicating that Henry’s 
law is applicable to this case; also evidence has been obtained 
which indicates that carbon vapour is monatomic at temperatures 
in the region of 1000°. 

5. It has been shown that the carbon vapour pressure above 
cementite is greater than that above graphite at all temperatures 
between 700° and 1100°, thus indicating that, within this range, 
cementite is metastable with respect to graphite. This inference 
is in agreement with the conclusions of Schenck and of Becker, 
but is contrary to those of Matsubara and of Johansson and von 
Seth. 

6. The conditions under which carbon steels will undergo de- 
carburisation when annealed in the presence of graphite have been 
determined. 

7. Points on the A, and the A,,, lines in the iron-carbon equi- 
librium diagram have been deduced and are in good agreement 
with the results obtained by Carpenter and Keeling. 

8. The position of the graphite solubility line in this equilibrium 
diagram has been determined: it lies approximately parallel to 
the A,,, line and slightly to the left of that obtained by Bramley 
and Allen for amorphous carbon. This is consistent with the fact 
that graphite is the more stable form of carbon over the range of 
temperatures concerned. 

9. The thermochemical relationships of the reactions involved 
have been considered, and the following results obtained : 


(a) 3Fe(y-) + 2CO = Fe,C (dissolved) + CO, + 29,950 cals. 

(b) 3Fe(y-) + 2CO = Fe,C (precipitated) + CO, + 36,950 cals. 

(c) The heat of solution of iron carbide in y-iron with the form- 
ation of austenite is — 7000 cals. per g.-mol. 
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(d) The heat of formation of iron carbide from y-iron and graphite 
is given by the equation 


3Fe(y-) + C = Fe,C — 4750 cals. 
and from «-iron and graphite by the equation 
3Fe(«-) + C = Fe,C — 6950 cals. 


The authors desire to express their indebtedness to the Stora 
Kopparbergs Bergslags Aktiebolag, Domnarfvet Steel Works, 
Sweden, for kindly presenting the Swedish charcoal iron used in 
this investigation. Also, one of them (H. D. L.) wishes to express 
his thanks to the Government Department of Scientific and Indus- 
trial Research for a grant which has assisted him in carrying out 
the work described. 
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221. Exponential Analysis applied to the Asymmetric 
Hydrolysis of Some B-Glucosides with Emulsin. 


By Storurerp Mircuett and [an MacArruur. 


THE rates of hydrolysis of the d-glucosides of d- and /-methyl-n- 
hexy!carbinol with emulsin have already been examined by Mitchell 
(J. Biol. Chem., 1929, 82, 727), and it was thought that an extension 
of the work to the glucosides of other optically active aliphatic 
alcohols would be of interest. For this purpose it was desirable to 
avoid as far as possible the tedious and costly process of resolving the 
alcohols. Since in the previous experiments (loc. cit.) the unimole- 
cular reaction constants did not deviate from the mean by more than 
+1-7%, the possibility was considered of applying exponential 
analysis to the hydrolysis-time curve for the mixture of glucosides 
obtained from a racemic alcohol. It was decided to test the validity 
of the method with the previously prepared dl-methyl-n-hexy]l- 
carbinyl-d-8-glucoside. 

A small quantity (0-0818 g.) of this glucoside was weighed into a 
50-c.c. graduated flask, which was then placed in a thermostat at 37°. 
The enzyme solution was prepared by mixing 0-100 g. of emulsin with 
100 c.c. of water, filtering it, and allowing the filtrate to come to 37° 
in the thermostat. The hydrolysis experiment was started by filling 
the graduated flask to the mark with the emulsin solution. 2 C.c. 
were withdrawn at intervals during about 10 hours, and the volume 
T’, of 0-01N-sodium thiosulphate solution equivalent to the amount 
of glucose set free was determined by the method of Maclean (Bio- 














1670 MITCHELL AND M&CARTHUR: EXPONENTIAL 


chem. J., 1919, 13, 135). The final reading 7’, was obtained some 
24 hours later. Table I (A) gives the values of 7’, and 7',, — 7, at the 
times shown. The differences 7’,, — 7',, which are proportional to the 
concentrations of unchanged glucoside, were plotted against time, 
and the method of exponential analysis outlined by Walsh (Proc. 
Physical Soc., 1919, 32, 26) was applied, it being assumed that two 
components are present, t.¢e., that the curve is of the form 





y= a,e~*t -|- ae~*st Afigel I is Ry 
where a, a, k,, k, are constants, ¢ is time, and y is 7’, — 7',. 
Let Yo; ¥1 Yo Yg be the values of y corresponding to the values 0, 
d, 2d, 3d of t, zero time and d being arbitrarily chosen. Then where, 


e-hd=a,,e-=a, . . . . . (2) 
we have 
Yo= %4 + Qs 
Yy = 4% + Agi, pipe oop que 
Yo, = Gy%" + Ax," 
Ys = Ay%;° + ay%,8 
Let p, g be such that «,, « are the roots of the equation 


fa=P+pe+q = 


then Yo + PY + Wo = %4f(%) + aof(%) = 0 
and Ys + PY2 + Wy = 44% f(%1) + agxf(x,) = 0 
Elimination of p and q gives 

e.2 1 

Y2 V1 Yo|=9 

Ys ¥2 Nn 








The roots of this equation, «,, «,, are thus easily obtained, and the 
values so found give k, and k, from equations (2) and a, and a, from 
any two of equations (3). 

Probability Correction.—This exponential analysis being based 
only on four points from the mean curve, and being rather sensitive 
even to slight error in the chosen points, it is desirable to use the set 
of 4 parameters so obtained as a first approximation to the set which 
gives an equation in closest agreement with all the available reliable 
data. The following method was adopted. Let 4(a,, a, ky, k2) = 
a,e~* + a,e-*st, where (1) is the equation best representing the 
data of hydrolysis. Further, let d,, d,, k,, k, be the parameter set 
obtained by preliminary exponential analysis, and let 


ay = G,(1 + B;) ? ky vT k,(1 hii Ay)) . . . (4) 
dy = G,(1 + Ba) hy = Rg(l + 24)) 
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then, where 8,, So, Ay, A, are small, 
Bn = P(A, Ga, hy, kale ty — (Gy, A, ky, keg)t = ty 
0 0d . 0 
={F- G8, + se Go + E kydy + sf: ya}, 
to a first order of approximation 
= By (G,e*') + B,(d,e° Tatu) +24 (— Gy keytne*"e) +-Ao(—Gykegtne htm) (5) 
= In181 + UngBe + Ungda + lnare 
For each point P,(t,, yn) of some 16 readings, an “equation of 
condition ”’ of type (5) in B,, By, Ay, Ag was thus formed, é, being cal- 
culated from P (the first of the 4 selected points for the preliminary 
exponential analysis) as zero, and 3, being 
Yn — (G,e-hitn ale Ge-*:tn) 
From the 16 equations of condition were formed, as usual in the 


method of least squares (Whittaker and Robinson, ‘‘ The Calculus of 
Observations,” 1924, p. 209), the 4 “ normal equations ” 


“ec 


Ury ~ By + Urn. Be + Ung. Aa + Urg-Ag = Ur « + (6) 
(r = I, 2, 3, 4) 
16 16 
where Us, = < I,,.1,, and v= FT ne 8, 
n=l n= 


Equations (6) were then solved for B,, ®., 4, A, either as ratios of 
determinants or by successive approximation, and the results 
inserted in (4) gave the required best set of parameters a, a», k,, ka, 
whence equation (1). | 

For the approximate exponential analysis of the octylglucoside 
graph, the following set of 4 points was selected, the time for the 
first point P being taken as zero. P is chosen some distance from 
the beginning so as to avoid initial irregularities. 


SEROUS) 5.0 ccccvecdcvesodiecs 0 2°5 5 7-5 
* PS APONTE FES 4°795 1-845 1-078 0-640 
The values obtained were 
a, = 3-054 ky = 0-208 
ad, = 1-741 k, = 1-610 


After application of the probability correction, the equation for the 
curve became 

y = 3-13e-9218 4. 1-65e-184 
from which k,/k, = 8-6. Table II (A) shows the extent of agree- 
ment between the mean curve for the octylglucoside and the 
values calculated from the final equation. 
From these results, it would appear that the original assumption 
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that two exponential components are present is justified. The two 
B-glucosides, d- and I[-methyl-n-hexylcarbinyl-d-glucosides, in the 
mixture are hydrolysed at different rates, and the ratio of the 
reaction constants (8-6) obtained by exponential analysis is in good 
agreement with the value (8-4) previously obtained when the two 
glucosides were hydrolysed separately. 





EXPERIMENTAL. 

dl-Methyl-n-butylearbinyl-d-8-glucoside.—The alcohol was ob- 
tained by the reduction of methyl n-butyl ketone (Bentley, J., 1895, 
67, 265). Tetra-acetyl-B-methyl-n-butylcarbinyl-d-glucoside was then 
prepared exactly as described previously for the methyl-n-hexyl- 
carbinyl compound; m. p. 99° (Found: C, 55°8; H, 7-3. C. 9H3.0, 
requires C, 55-6; H, 7-4%). Subsequent removal of the acetyl 
groups gave £-methyl-n-butylcarbinyl-d-glucoside, m. p. 115° (Found : 
C, 546; H,9-0. C,.H,,0O, requires C, 54-6; H, 9-1%). 

For the hydrolysis experiment, 0-0701 g. of this glucoside was 
weighed into a 50-c.c. graduated flask, and a solution of emulsin 
(0-0504 g. in 100 c.c.) was added. The readings given in Table I (B) 
were then taken as described for the octylglucoside. For the pre- 
liminary exponential analysis, the following 4 points were selected 


Ln eee eee Sat. A 0 2 4 6 


RRR OPIATE 5-465 2-150 0-895 0-388 
and from these ¥2 
é, = 3-517 k, = 0-384 
d, = 1-948 i, = 0-662 


After application of the probability correction, the following equation 
was obtained 
y = 3-49e-0398 4. 1-97¢-0602 

from which k,/k, = 1-5. The agreement between the mean curve 
and the calculated values is shown in Table II (B). 

dl-Methylethylcarbinyl-d-8-glucoside—In this case the alcohol 
was obtained by the reduction of methyl ethyl ketone. The /eéra- 
acetyl compound was then prepared, m. p. 125° (Found: C, 53-7; 
H, 7:0. C,gH,,0,9 requires C, 53-5; H, 6-9%). Removal of the 
acetyl groups gave the glucoside, m. p. 95° (Found: ©, 50-6; H, 
8-5. CygH 90, requires C, 50-8; H, 8-5%). 

For the hydrolysis experiment, 0-1311 g. of this glucoside was 
weighed into a 50-c.c¢. flask, and a solution of emulsin (0-2026 g. nm 
‘100 ¢.c.) was added. The readings are given in Table I (C). For 
these, 1 c.c. of solution was withdrawn at the times stated. A graph 
was then constructed, and the following 4 points were selected 


& (ROUTE) oss sensssrcccdcocss 0 2 4 6 
rt eeedene ) socnencesbuadeqesenese 5-255 2-045 1-175 0-790 





















ANALYSIS APPLIED TO ASYMMETRIC HYDROLYSIS, ETC. 


Preliminary exponential analysis gave the values 








0 
e @, = 2-152 k, = 0-170 
e d, = 3-103 k, = 0-899 
7 and the following equation was obtained after the usual correction : 
y = 2-16e-9168 4 3.98¢-0909" 
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Hence k,/k, = 5:5. The agreement between the mean curve and 
the calculated values is shown in Table II (C). 
The experimental values are plotted in the figure. 
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The ratios of the reaction constants are thus 8-6, 1-5, and 5-5 for 
the octyl-, hexyl-, and butyl-glucosides respectively, so that under the 
conditions described the alkyl radical has a very considerable effect. 
It has been shown previously that with the octylglucosides the 
d-alkyl component is hydrolysed more quickly than the /-alkyl com- 
ponent. To find whether the same holds for the butylglucosides, a 
hydrolysis experiment was carried out with glucoside prepared from 
























TABLE I. 
A. B. C. 
Octylglucoside. Hexylglucoside. Butylglucoside. 
Time, Time, Time, 
mins. fT, T ~—T,.| ‘nbins. T,. F,—T, mins. T,. Fa—T,. 


0 0-00 6-98 0 0-00 7-08 0 0-00 7-015 
5:0 0-24 6°74 6-0 0-18 6-90 6-5 0-25 6-765 
26 2-185 4-795 28-5 1-31 5°77 27 1-58 5°435 
48-5 3-29 3°69 "49-5 2-15 4°93 48 2675 4-340 
68:5 3°875 3-105 71 2895 4-185 69-5 3-41 3-605 
90°5 4:22 2-76 92 3-545 3°535 111-5 4-34 2-675 
111 4°53 2°45 113 4:09 2-99 1325 4-76 2-255 
132 4°77 2-21 134 4°48 2-60 152-5 4-05 2-065 
153 4-98 2-00 155 4-915 2-165 172-5 5225 1-790 
176 5115 =: 1-865 179-5 5-305 1-775 194-5 5:38 1-635 
2275 5-465 1-515 204 5-60 1-48 215 5°54 1-475 
278 5-715 = 1-265 226 5°705 = =-:1-275 236-5 5-635 1-380 
311 5°84 1-14 305 6°34 0-74 258 5-79 1-225 
362 6-02 0-96 336 6525 0-555 321 6-04 0-975 
401 6°17 0-81 376 6-65 0-43 366 6°16 0-855 
479 6-355 0-625 419 6°735 0-345 409 6-258 0-757 
525 6-42 0-56 460-5 6°845 0-235 440-5 6-337 0-678 
577 6-51 0-47 565-5 6-975 0-105 501 6-405 0-610 
«© 6-98 0-00 a) 7-08 0-00 560 6-485 0-530 
584 6-533 0-482 
re) 7015 0-00 
Taste II. 
A. B. C. 
— Octylglucoside. Hexylglucoside. Butylglucoside. 
rom 











P, y y y y y y , 
hrs. (curve). (calc.). Diff. (curve). (cale.). Diff. (curve). (cale.). Diff. 
521 518 +003 690 692 -—002 6-77 6-74 +-0-03 





0 479 478 +4001 643 546 —0-03 5:25 624 +001 
05 343 347 -—004 433 432 +4001 3-91 3-94 —0-03 
l 2:30 279 +001 342 3:42 000 3:07 307 0 
15 2:39 239 0-00 2-71 272 —001 246 2-47 —0-01 
2 208 2:08 000 215 216 —001 2:05 2-05 0-00 
25 1:85 186 —001 1-70 1:73 —0-03 1:74 1-74 0-00 
3 1-64 166 —0-02 1:37 1:38 -—O0l 151 2151 0:00 
4 1:32 133 —0-01 0:89 089 000 217 4119 —0-02 
5 1:07 108 —0-01 058 058 000 0:95 0-98 —0-03 
6 0-87. 0-87 0:00 0-38 037 +001 0-79 0-81 —0-02 | 
7 0-70 0-70 0-00 0-25 024 +001 068 068 0-00 
s 0-58 057 +001 016 O16 0:00 059 0658 +0-01 
9 0-49 0-46 +003 0-10 O11 —0-01 0-51 0-49 +002 
The time values for the first row are —0-1, —0-5, —0-4 for A, B, C, respect- ‘ 





ively, taken from P as zero. 
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a quantity of alcohol which had been partially resolved. From this 
it was found that the l-alkyl component was the one more quickly 
hydrolysed in this case. 


In conclusion, we desire to thank the Carnegie Trust for a Research 


’ Scholarship, which enabled one of us (I. M.) to take part in this 
1 work. 
UNIVERSITY OF GLASGOW. [Received, March 5th, 1932.] 





222. Lichen Acids. Part III. The Constitution of 
Barbatic Acid and the Syntheses of isoRhizonic 
Acid and Methyl Barbatate. 


By ALEXANDER ROBERTSON and RIcHARD JOHN STEPHENSON. 


Wuizz the depside evernic acid (Part II; this vol., p. 1388) is of rare 
occurrence, having been detected so far only in Evernia prunastri 
and Ramalina pollinaria, the homologous compound, barbatic acid, 
is present in the majority of lichens belonging to the genus Usnea 
as well as in Alectoria ochroleuca (for names of lichens and references, 
see Perkin and Everest, “‘ Natural Organic Colouring Matters,” 1918, 
pp. 5830—542). On hydrolytic decomposition with warm baryta, 
this depside gives rise to rhizonic acid and @-orcinol (Hesse, J. ‘pr. 
Chem., 1903, 68, 1, 13) and on prolonged boiling with alcohol forms 
ethyl rhizonate and 8-orcinol (St. Pfau, Helv. Chim. Acta, 1928, 11, 
864). By analogy with evernic acid, St. Pfau (loc. cit.) concluded 
that of the three possible formule for the compound, formula (I) 
only was consistent with the properties of barbatic acid. Having 
failed to effect the synthesis of the acid (I) (compare Part II, loc. cit.), | 
we decided to determine the constitution of the natural depside by 
means of alkylation experiments. 

Barbatic acid was isolated from an ethereal extract of Usnea 
barbata by an improved method and the methyl and ethyl esters were 
prepared with the aid of ethereal diazomethane and diazoethane 
respectively. Hesse (Ber., 1898, 31, 663) and Zopf (Annalen, 1899, 
306, 298) claim to have obtained ethyl barbatate, m. p. 132°, by 
the action of ethyl iodide on the potassium derivative of barbatic 
acid in a sealed tube at 150°, but the properties of their compound 
(erystalline form, melting point, solubilities, and ferric chloride | 
reaction) are entirely different from those of the authentic ester i 
now described. It is almost certain that the drastic method 
employed by these authors would bring about the decomposition of 


the depside. 
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Unlike evernic acid (loc. cit.), barbatic acid on methylation with 
methyl iodide and silver oxide in boiling acetone gave rise to an 
amorphous product. This material, which was insoluble in 10% 
aqueous sodium hydroxide and did not give a ferric chloride reaction, 
had not the composition of methyl O-dimethylbarbatate (Found : 
OMe, 21-1°%) (compare Asahina and Fuzikawa, Ber., 1932, 65, 175). 
Prolonged treatment of the depside with ethereal diazomethane 
resulted in the formation of a crystalline methyl O-monomethyl- 
barbatate instead of the expected O-dimethyl derivative. The 
amount of material available was insufficient to enable us to deter- 
mine the constitution of this ether by hydrolysis and identification 
of the products, but the properties of the compound led us to 
believe that it had formula (II) rather than formula (III). This 
conclusion was confirmed by the synthesis of the ether (II). 


Me Me Me 
mo 0: Seba HH MOK COOK CO,Me 
MeOH MeOH MeOH  MeOMe 
(II.) 
Me Me 


gang, Paci Over (IIL.) 
eOMe MeOH 


The mixture of aldehydes obtained from §-orcinol monomethyl 
ether by Gattermann’s procedure contains only a small proportion 
(about 6%) of tsorhizonaldehyde (St. Pfau, loc. cit.). In consequence 
this intermediate required for the synthesis of isorhizonic acid was 
prepared by the route described in Part I (J., 1930, 313) and the 
synthesis of the acid (VI) was then effected through the stages (IV) 
and (V). The properties of (VI) readily distinguish it from the 
isomeric rhizonic acid. 


Me Me 
re: H 00, H CO,Me 
r@ HO. JOMe AcO. OMe 
Me 
av.) i * on (VIL.) 


The oxidation of the carbomethoxy-derivative of isorhizonaldehyde 
(Part I, loc. cit.) in aqueous acetone with potassium permanganate 
gave only a poor yield of the corresponding acid. This fact necessit- 
ated the longer route in the synthesis of (VI) indicated above. 
Methyl isorhizonate (IX) was obtained from (V) through the 
stage (VII) and on treatment with O-acetylrhizonoyl chloride (VIII) in 
presence of pyridine gave rise to the acetate (X), which on deacetyl- 
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* needles (0-25 g.), m. p. 156—157° with evolution of carbon dioxide 
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ation afforded (II) identical in every way with the compound derived 
from the natural depside. 


Me Me 
0C1 CO,Me Me Me 
MeO. OAc HO JOMe Meo¢ COOK CO,Me 
oa \ 
Me Me Me OAc Me OMe 
(VIII.) (IX.) (X.) 
Me 
Me Me 
; CO,Me 
Ost) nol oe se OO one 
Me MeOR eOH 


In a similar way the synthesis of methyl barbatate (XII, R = H) 
was effected by the interaction of (VIII) and (XI) and subsequent 
hydrolysis of the acetate (XII, R = Ac). The synthetic ester was 
identical in all respects with the natural derivative. 


EXPERIMENTAL. 


Acetylisorhizonaldehyde (IV).—isoRhizonaldehyde was prepared 
by the route described in Part I (J., 1930, 320) and crystallised from 
dilute methyl alcohol in needles, m. p. 151° (Found: C, 63-3; H, 
6-5. Cale. for C,)H,.0,: C, 66-6; H, 6-7%). Acetylation of this 
compound (4 g.) with acetic anhydride (25 c.c.) and sodium acetate 
(4 g.) on the steam-bath for 1 hour gave the acetate, which separated 
from dilute acetone in tiny rectangular prisms (4 g.), m. p. 67° 
(Found: C, 65-0; H, 6-4. C,,H,,0, requires C, 64-8; H, 6-4%). 
The substance is readily soluble in cold alcohol, acetone, or benzene. 

Acetylisorhizonic Acid (V).—A mixture of potassium permanganate 
(4:5 g.) and magnesium sulphate (4 g.) was dissolved in water (75 c.c.) 
and gradually added to a solution of the foregoing acetate (3-5 g.) 
in acetone (35 c.c.) maintained at 55°. The reaction mixture was 
kept for 10 minutes, cooled to 0°, and cleared with sulphur dioxide 
and on slow evaporation of the acetone the product gradually 
separated. After 2 days the solid was collected and dissolved in 
aqueous sodium bicarbonate and the solution was filtered from 
traces of the unchanged aldehyde. Acidification with dilute hydro- 
chloric acid gave acetylisorhizonic acid, which crystallised from ethyl 
acetate-ligroin in small rhombic prisms (2-5 g.), m. p. 160° (Found : 
C, 60-4; H, 5-9. C,,H,,0, requires C, 60-5; H, 5-9%). 

isoRhizonic Acid (V1).—Hydrolysis of the acetate (0-4 g.) was 
effected by means of 4°, aqueous sodium hydroxide (5 c.c.). On 
isolation the acid crystallised from benzene in colourless slender 
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(Found : C, 61-3; H, 6-3. Cale. for C,g>H,.0,: C, 61-2; H, 6-2%) 
(Asahina and Fuzikawa, Ber., 1932, 65, 175, record m. p. 154°). 
The compound is readily soluble in cold acetone, alcohol, or ethyl 
acetate, and sparingly soluble in boiling ligroin, and gives a yellow 
coloration with calcium hypochlorite. Unlike rhizonic acid, it 
does not give a ferric chloride reaction and is decomposed by boiling 
water. On being boiled with methyl or ethyl alcohol, this acid is 
not esterified. 

Acetylisorhizonic acid (0-6 g.), dissolved in ether (20 c.c.), gave 
after addition of an excess of diazomethane and evaporation of the 
solvent a pale yellow syrup, which was dissolved in 4% methyl- 
alcoholic potassium hydroxide (7 c.c.) and kept at room temperature 
for 3 hours; the solution was then diluted with water (20 c.c.) and 
acidified with dilute hydrochloric acid. The methyl ester thus 
obtained crystallised from dilute methyl alcohol in rhombic prisms, 
or from ligroin in needles, m. p. 142°, which remained constant on 
repeated crystallisation (Asahina and Fuzikawa, loc. cit., give m. p. 
146°) (Found: C, 62-5; H, 6-9. Cale. for C,,H,,0,: C, 62-8; H, 
6-7%). The compound is easily soluble in alcohol or hot benzene 
and insoluble in aqueous sodium bicarbonate. It does not give a 
coloration with alcoholic ferric chloride or with aqueous calcium 
hypochlorite. 

With the aid of diazoethane the ethyl ester was prepared by the 
same procedure; it crystallised from dilute ethyl alcohol in slender 
prisms, m. p, 103° (Found: C, 64-5; H, 7-4. C,.H,,0, requires C, 
64:3; H, 7-2%), and from warm ligroin in fern-like clusters of tiny 
prisms. 

Barbatic Acid.—The dried lichen, Usnea barbata * (1 kg. in 2 
portions), was extracted in a Soxhlet apparatus with pure dry ether 
(5 1.) for 15 hours. Twelve hours later the ethereal extract was 
decanted from the usnie acid which had separated and the solvent 
was evaporated. The greenish residue was agitated with benzene 
(40 c.c.), collected, washed with a further portion of benzene (15 ¢.c.), 
and dried. A suspension of the pale green powder (consisting mainly 
of barbatic acid and usnic acid) in 15% aqueous potassium bicar- 
bonate (100 c.c.) was agitated for 2 hours to convert the barbatic 
acid into the sparingly soluble potassium salt. The solid was then 
collected, washed with water (50 c.c.), and dried, and the usnic 
acid removed by boiling the mixture twice with benzene (200 ¢.¢. 
and 100 c.c.), leaving a residue of crude potassium barbatate (3 g.). 
Agitation of this salt with cold 10% hydrochloric acid (50 ¢.c.) for 
15 minutes liberated the depside, which was collected, washed, and 


* This lichen was collected in the woods of Aberdeenshire and Elgin, 
Scotland. 
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dissolved in warm acetic acid, and hot water added until a faint 
turbidity appeared; on cooling, almost pure barbatic acid (1-8 g.) 
separated, m, p. 180°. Reerystallisation from benzene gave the 
pure compound in minute colourless prisms (1-5 g.), m. p. 186° 
(Found im dried material: C, 63-4; H, 5-6. Calc. for C,)H,,0, : 
C, 63-3; H, 56%). The characteristic ferric chloride reaction 
(intense violet) and other properties of the acid were identical with 
those deseribed by previous authors. 

Esters of Barbatic Acid.—A solution of diazomethane [prepared 
from nitrosomethylurethane (1 c.c.)] in ether (15 ¢.c.) was added to 
a suspension of barbatic acid (0-5 g.) in ether (10 ¢.c.).. The methyl 
ester, which separated immediately, crystallised from boiling acetone 
er methyl alcohol in colourless slender prisms, m. p. 170° (Found : 
C, 640; H, 6-1. CyH,,0, requires C, 641; H, 59%). The 
compound is sparingly soluble in cold alcohol or hot ligroin and 
readily soluble in cold ethyl acetate or hot benzene. With alcoholic 
ferric chloride it gives a light purple-brown coloration. 

The ethyl ester, prepared from the acid (0-5 g.) by the action of 
diazoethane (from 1 c.c. of nitrosoethylurethane), crystallised from 
hot benzene in colourless cubes (0-4 g.), m. p. 189° (Found: C, 64-9; 
H, 6:3. C,,H,,0, requires C, 64-9; H, 6-2%). This ester is con- 
siderably less soluble in organic solvents than the methyl ester and 
owing to its slight solubility in alcohol the ferric chloride reaction is 
almost imperceptible. 

Methyl O-Methylbarbatate (I1).—Barbatic acid (0-5 g.) was sus- 
pended in ether (20 ¢.c.) and treated with an excess of diazomethane 
(nitrosomethylurethane, 4 c.c.) in ether (80 c.c.); the acid quickly 
dissolved and a part of the methyl ester then separated. The 
mixture gradually cleared and after 3 days the ether and excess of 
diazomethane were removed in a vacuum, leaving a crystalline 
residue. Recrystallised from 80% methyl alcohol, the compound 
formed voluminous tufts of slender needles, m. p. 123° [Found: C, 
65:1; H, 64; OMe, 23-5. C,,H,;0,(OMe), requires C, 64:9; H, 
6:2; OMe, 240%]. It is readily soluble in acetone, benzene or 
ethyl acetate and gives a faint brown coloration with alcoholic 
ferric chloride, The substance appears to be almost insoluble in 
cold dilute aqueous sodium hydroxide, but the addition of an excess 
of 1° aqueous sodium hydroxide to a cold alcoholic solution of the 
compound does not give a precipitate. If, however, water is used 
as the diluent, the substance is immediately precipitated. Acidific- 
ation of the alkaline alcoholic solution with acetic acid immediately 
gives a precipitate of unchanged material. 

O-Acetylrhizonoyl Chloride (VIII).—To a solution of O-aceétyl- 
thizonic acid’ (Robertson and Stephenson, Joc. cit.) (4 g.) in chloro- 
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form (20 c.c.), phosphorus pentachloride (4 g.) was added in several 
portions. A mild reaction ensued and hydrogen chloride was slowly 
evolved, and after 1 hour the chloroform and phosphorus oxychloride 
were removed in a vacuum at 40°. The residue was dissolved in 
dry chloroform, and the solution evaporated under diminished 
pressure. Repetition of this procedure removed the last traces of 
phosphorus compounds and left the chloride as a pale yellow syrup. 
Light petroleum was added to a solution of this syrup in chloroform 
until a faint turbidity appeared and after a time the compound 
separated in tiny prisms (3 g.), m. p. 84° (Found: Cl, 13-3. 
C12H,,0,Cl requires Cl, 138%). In moist air this substance quickly 
decomposes with the formation of acetylrhizonic acid. 

O- Acetylrhizonanilide.—Aniline (4 ¢.c.) was mixed with a solution 
of the foregoing chloride (1 g.) in chloroform (3 c.c.) and next day 
3%, hydrochloric acid (30 c.c.) was added and the chloroform re- 
moved in a vacuum. The solid was agitated with 4% aqueous 
sodium hydroxide to remove a small amount of deacetylated anilide 
and the insoluble residue was collected, washed, and crystallised 
from 50% acetone. The anilide formed colourless, minute, slender 
prisms (0-7 g.), m. p. 179°, readily soluble in cold acetone or ethyl 
acetate (Found: C, 68-7; H, 6-3. C,,H,,0,N requires C, 69-0; 
H,6-1%). The compound crystallised from warm benzene in slender 
needles and did not give a ferric chloride reaction. 

The deacetylated compound was precipitated from its aqueous 
alkaline solution by means of carbon dioxide and crystallised from 
80°% acetone, forming colourless slender prisms (0-2 g.), m. p. 179°. 
It gave a very dark purple coloration with alcoholic ferric chloride. 

Synthesis of Methyl O-Methylbarbatate—The interaction of 
O-acetylrhizonoyl chloride (0-75 g.) and methyl isorhizonate (0-5 g.) 
in the presence of pyridine was allowed to proceed at room temper- 
ature for 3 days. 6% Acetic acid (80 c.c.) was then added, and the 
resulting solution extracted three times with ether (25 c.c.). The 
combined ethereal extracts were washed with water (50 c.c.) and 
then with sodium bicarbonate solution (15 ¢.c.) and the solvent was 
evaporated. A solution of the residue in 3-3% alcoholic sodium 
hydroxide (6 c.c.) was kept at room temperature for 15 minutes and 
on the addition of 05% aqueous sodium bicarbonate (100 c.c.) 
methyl O-methylbarbatate slowly separated. Crystallised from 
80% methyl alcohol, it formed tufts of fine needles (0-4 g.), m. p. 
and mixed m. p. 123° (Found: C, 65-1; H, 63%). The ferric 
chloride reaction and the solubilities of the synthetic compound 
were identical with those of the ether prepared from barbatic 
acid. 

Synthesis of Methyl Barbatate (XII, R = H).—A mixture of 
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0-acetylrhizonoy] chloride (1-25 g.), methyl @-orcincarboxylate (J., 
1930, 317) (1 g.), and pyridine (5 c.c.) was kept at room temperature 
for 3 days and then poured into 6% acetic acid (100 c.c.). The 
solution was extracted three times with ether and the combined 
ethereal extracts (90 c.c.) were washed with water (50 c.c.) and then 
with saturated aqueous sodium bicarbonate (25 c.c.) to remove 
acetylrhizonic acid. The crude acetate (XII, R = Ac) left on the 
evaporation of the ether was dissolved in 5% methyl-alcoholic 
sodium hydroxide (12 c.c.) and after 15 minutes the mixture was 
poured into 1% aqueous sodium bicarbonate (120 c.c.). Methyl 
barbatate gradually separated, leaving the excess of methyl f-orcin- 
carboxylate in solution, and, on crystallisation from acetone, formed 
slender rhombic prisms (0-5 g.), m. p. 170° (Found: C, 64-2; H, 
6-1%). The properties of the synthetic ester were identical with 
those of the natural substance and a mixture of the two specimens 
gave an undepressed melting point. 


Our thanks are due to Dr. M. M. Robertson, who kindly assisted 
us in collecting and sorting quantities of the lichen Usnea barbata. 
We are also indebted to the Chemical Society for grants which have 
in part defrayed the cost of this investigation. 


Lonpon ScHoot oF HyGIENE AND TROPICAL MEDICINE, 
University or Lonpon. [Received, April 2nd, 1932.] 





223. Hydroxy-carbonyl Compounds. Part VII. 
Coumarins and 1:4-Benzopyrones derived from 
m-Cresol. 


By ALEXANDER Ropertson, Roy Bast Warers, and (in part) 
EL¥FEeD THOMAS JONES. 


THE experiments described in this paper prove that (a) the Pechmann 
reaction with m-cresol invariably gives only 7-methylcoumarins, and 
(b) with ethyl «-methyl- and «-ethyl-acetoacetate the Simonis 
reaction applied to m-cresol yields pairs of isomeric 1 : 4-pyrones, 
whereas with ethyl acetoacetate and ethyl benzoylacetate 4 : 7-di- 
methylcoumarin and 5-methylflavone respectively are obtained. 
The production of pairs of isomeric 1 : 4-pyrones from m-cresol 
in our opinion affords reasonable evidence that in general the first 
stage in the reaction is the formation of the phenoxy-acid (or its 
ester) (type II) by the interaction of the enolic form of the ester (1) 
and the phenol with the removal of the elements of water. The 


aPey-compound then undergoes ring closure, forming a 1 : 4- 
I 
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pyrone, and in the case of simple m-substituted compounds this can 
take place in two ways. 


wi oe ONE °\or en) 
Ry JR, 


im ©O,H 


Tn support of this mechanism it may be noted that the second stage 
in the reaction is practically identical with the synthesis of 1 : 4- 
pyrones from phenoxyfumaric acids (type II; R = CO,H; R, = H) 
and from $-phenoxycinnamic acids (II; R = Ph; R, = H) (Ruhe- 
mann and co-workers, J., 1900, 77, 984, 1119, 1179; 1901, 79, 470, 
918, 1185; Ber., 1913, 46, 2188). Further, from §-m-tolyloxy- 
cinnamic acid, Ruhemann (loc. cit.) obtained a mixture of 5- and 
7-methylflavones which he was unable to separate. 

In the synthesis of coumarins by Pechmann’s method and in 
certain instances by the Simonis reaction (Parts III to VI; J., 1931, 
1255, 1877, 2426; this vol., p. 1180) the production of a cinnamic 
acid is probably an intermediate step. On attempting to demon- 
strate this experimentally it was found that m-tolyl methyl ether 
gave rise directly to 4 : 7-dimethylcoumarin. Similarly, 7-methoxy- 
4-methylcoumarin and 17-methoxy-3:4-dimethylcoumarin were 
obtained from O-dimethylresorcinol. That the initial step in such 
condensations is the formation of a cinnamic acid is not entirely 
excluded by these experiments, since it was subsequently observed 
that 2-methoxy-B : 4-dimethylcinnamic acid was transformed into 
4: 7-dimethyleoumarin by 86% sulphuric acid. 


EXPERIMENTAL. 

4 : 7-Dimethylcoumarin.—(A) Phosphoric oxide (20 g.) was added 
to a mixture of ethyl acetoacetate (13 g.) and m-cresol (15 g.), the 
resulting hot paste stirred for 15 minutes, more oxide (20 g.) added, 
and the whole heated on the steam-bath for $ hour. An aqueous 
solution of the reaction mixture was basified with sodium hydroxide ; 
the product, after being drained on porous plate, crystallised from 
dilute alcohol in colourless thick needles (2 g.), m. p. 132° alone or 
mixed with authentic 4: 7-dimethylcoumarin (Fries and Kloster- 
mann, Ber., 1906, 39, 871) (Found: ©, 75°8; H, 5-7. Cale. for 
C,,H0.: C, 75:9; H, 58%) and about 80° mixed with 2:7- 
dimethyl-1 : 4-benzopyrone (Wittig, Annalen, 1926, 446, 155). 

(B) 86% Sulphuric acid (50 c.c.) was gradually added to a well- 
cooled mixture of m-tolyl methyl ether (5 g.) and ethyl acetoacetate 
(5 g.), the light brown solution kept at room temperature for 3 days 
and poured on ice (300 g.), and the mixture basified with aqueous 
sodium hydroxide. The yellow gummy material which had first 
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separated was then replaced by a colourless precipitate of 4 : 7-di- 
methyleoumarin, m. p. and mixed m. p. 132° after crystallisation 
from dilute alcohol. 

2-Methoxy-B : 4-dimethylcinnamic Acid.—The foregoing coumarin 
(6 g.) was converted into the disodium derivative of the hydroxy- 
cinnamic acid by boiling with 20% aqueous sodium hydroxide 
(20 c.c.) and methyl alcohol (20 c.c.) for 20 minutes; dilution of a 
sample with water then did not precipitate unchanged material. 
The acid was methylated in the usual manner with methyl sulphate 
(50 c.c.) and 20% aqueous sodium hydroxide (100 c.c.), and after 
} acidification with hydrochloric acid the ester, mixed with a small 
, amount of the free acid, was isolated by means of ether and hydrolysed 
by boiling with 80% alcohol (100 c.c.) containing sodium hydroxide 
(8 g.) for 2 hours. A filtered solution of the crude acid in aqueous 
sodium carbonate was acidified with concentrated hydrochloric acid. 
2-Methoxy-B : 4-dimethylcinnamic acid crystallised from benzene- 
ligroin in short colourless prisms (5-8 g.), m. p. 140—141° with 
slight sintering at 130° (Found: C, 69-9; H, 6-7. C,,H,,0, 
requires C, 69-9; H, 6-8%), and from warm benzene or aqueous 
acetone in elongated prisms; it rapidly decolorised bromine water 
and aqueous potassium permanganate. 

A solution of 2-methoxy-8 : 4-dimethylcinnamic acid (2-4 g.) in 
86% sulphuric acid (25 c.c.) was kept at room temperature for 40 
hours and poured into ice-water (250 g.). The solid, after being 
washed with 5% aqueous sodium hydroxide, and with water to 
remove a trace of a yellow impurity, crystallised from aqueous alcohol 
in thick needles (2 g.), m. p. 132° alone or mixed with authentic 
4: 7-dimethyleoumarin. 

The acid (2 g.), dissolved in acetone (40 c.c.), was gradually treated 
with a warm solution of potassium permanganate (3 g.) in water 
(150 ¢.c. at 35—40°). The cooled reaction mixture was cleared with 
sulphur dioxide and saturated with ammonium sulphate; three 
extractions with ether then removed an oil consisting mainly 
of 2-methoxy-4-methylacetophenone; the semicarbazone, which 
; separated from alcohol in colourless thick prisms, m. p. 200—201°, 
5 was identical with an authentic specimen (Found: C, 59-7; H, 
, 68. C,,H,,0,N, requires C, 59-7; H, 6-8%). 

2-Methoxy-4-methylacetophenone was conveniently prepared by 
methylating the hydroxy-ketone (Rosenmund and Schnurr, Annalen, 
1927, 460, 88) with methyl sulphate and potassium hydroxide 
(compare Eijkmann, Chem. Weekblad, 1904, 1, 453), 

2:3: 7-T'rimethyl-1 : 4-benzopyrone—A mixture of 2-hydroxy-4- 
methylpropiophenone (4 g.) (Auwers, Annalen, 1924, 439, 132), 
sodium acetate (4 g.), and acetic anhydride (40 c.c.) was kept at 
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210° for 20 hours, and poured into water (200 c.c.). Next day the 
solution was extracted with ether, and the extract washed with 
aqueous sodium bicarbonate, dried, and evaporated. Distillation 
of the residua] oil in a vacuum gave a solid fraction, b. p. 190— 
210°/15 mm., consisting chiefly of the 1 : 4-pyrone, which crystallised 
from light petroleum in colourless, long, flat prisms (1 g.), m. p. 86° 
(Found: C, 76-5; H, 6-3. C,,H,.0, requires C, 76-6; H, 6-4). 
The compound on condensation with piperonal by means of 2% 
alcoholic sodium ethoxide according to the directions of Heilbron 
and his co-workers (J., 1923, 123, 2559) gave 2-(3’ : 4’-methylene- 
dioxystyryl)-3 : 7-dimethyl-1 : 4-benzopyrone, which separated from 
warm alcohol in clusters of bright yellow needles, m. p. 191° (Found : 
C, 75-0; H, 5-1. CypH,,0, requires C, 75-0; H, 5-0%). 
2-Methoxy-6-methylpropiophenone.—A solution of 3-methoxy-o- 
toluonitrile (4 g.) (Gibson, J., 1923, 123, 1269) in ether (30 c.c.) was 
gradually added to a well-cooled solution of ethylmagnesium iodide 
(from 0-8 g. of magnesium and 2:8 c.c. of ethyl iodide in 10 c.c. of 
ether), and the mixture refluxed for 6 hours. Next day the ether 
was decanted, the residual double compound decomposed with cold 
water and then with sulphuric acid; the product, isolated by means 
of ether and distilled under diminished pressure, gave the ketone as a 
colourless oil (3-3 g.), b. p. 187°/16 mm., which at 0° formed a mass 
of needles, m. p. about 8° (Found: C, 73-9; H, 8-0. C,,H,,0; 
requires C, 74:2; H, 7:9%). The semicarbazone crystallised from 
benzene-ligroin in thick iridescent needles, m. p. 145° (Found: C, 
61-3; H, 7-2. C,,.H,,0,N, requires C, 61:3; H, 7-3%). 
In some experiments, for no apparent reason, the ketone was 
contaminated with a considerable amount of unchanged nitrile. 
2:3: 5-Trimethyl-1 : 4-benzopyrone.—A mixture of the foregoing 
ketone (16 g.), fused aluminium chloride (16 g.), and carbon disul- 
phide (100 c.c.) was warmed under reflux for 6 hours. After the 
removal of the solvent in a vacuum the residue was decomposed 
with warm dilute hydrochloric acid (50 c.c.), and the product 
distilled with steam. 2-Hydroxy-6-methylpropiophenone was 
isolated from the distillate by means of ether, distilled under 
diminished pressure, and obtained as a colourless oil (2 g.) which 
partly solidified, b. p. 140°/5 mm.; the solid had m. p. 25—27° after 
being drained on porous plate (Simonis, Ber., 1917, 50, 782, records 
m. p. 28-5° for ketone obtained by hydrolytic decomposition of 
2:3: 5-trimethyl-1 : 4-benzopyrone). It readily dissolved in warm 
water or 10° aqueous sodium hydroxide and gave a weak brownish- 
violet ferric chloride reaction (stable). The non-volatile solid 
remaining after the steam distillation was found to be 4-hydroxy-2- 
methylpropiophenone (10 g.), m. p. 114° after crystallisation from 
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benzene (Auwers, Annalen, 1924, 439, 158). Other experiments 
under different conditions failed to give an increased yield of the 
required 2-hydroxy-6-methylpropiophenone. 

Crude 2-hydroxy-6-methylpropiophenone (1-5 g.) was acetylated 
with acetic anhydride (20 c.c.) and sodium acetate (2 g.) at 210— 
215°. Water (100 c.c.) was added to the reaction mixture, followed 
by a slight excess of 10°%, aqueous sodium hydroxide, and 2 : 3 : 5-tri- 
methyl-1 : 4-benzopyrone gradually separated as a dark brown solid, 
which crystallised from light petroleum in almost colourless, prismatic 
needles, m. p. 96° (Found: C, 76-6; H, 6-3. Cale. for C,.H,,0, : 
C, 76-6; H, 6-4%). 

Condensation of m-Cresol and Ethyl «-Methylacetoacetate with 
Phosphoric Oxide.—The following modification of Simonis and Pet- 
schek’s procedure was used (Ber., 1913, 46, 2014). When the 
vigorous reaction between m-cresol (15 g.), ethyl «-methylaceto- 
acetate (10 g.), and phosphoric oxide (20 g.) had subsided, the 
mixture was heated on the steam-bath for 2 hours; after 45 minutes, 
further quantities of m-cresol (12 g.) and oxide (20 g.) were added. 
A solution of the reaction mixture in ice-water was basified with 
sodium hydroxide and thrice extracted with ether. The combined 
extracts were dried and evaporated and the residual oil was distilled 
in a vacuum. The semi-solid fraction, b. p. 175—200°/15 mm., 
consisted mainly of 2:3: 5-trimethyl-1 :4-benzopyrone, which 
crystallised from light petroleum in colourless thick needles (2 g.), 
m. p. 96° alone or mixed with an authentic specimen. On con- 
densation with piperonal by means of alcoholic sodium ethoxide 
this compound gave 2-(3’ : 4’-methylenedioxystyryl)-3 : 5-dimethyl- 
1; 4-benzopyrone, which crystallised from alcohol in masses of pale 
lemon-yellow needles, m. p. 166—167° (Found: C, 75-0; H, 5-1. 
CopH, .0, requires C, 75-0; H, 5-0%). 

The fraction, b. p. 200—220°/15 mm., did not crystallise on long 
cooling or on inoculation with 2:3: 5-trimethyl- or 2:3: 7-tri- 
methyl-1 : 4-benzopyrone. Treated with piperonal and 2% alcoholic 
sodium ethoxide, the oil afforded an almost theoretical yield of a 
styryl derivative, m. p. about 180° after crystallisation from alcohol. 
Repeated crystallisation from the same solvent finally gave 2-(3’ : 4’- 
methylenedioxystyryl)-3 : 7-dimethyl-1 : 4-benzopyrone in clusters 
of bright yellow needles, m. p. 190° alone or mixed with an authentic 
specimen (Found: C, 75-0; H, 5-1%). 

2-Methoxy-« : 8 : 4-trimethylcinnamic Acid.—3: 4: 7-Trimethy]l- 
coumarin (6 g.) (Fries and Klostermann, Ber., 1906, 39, 871) was 
converted, by the procedure already described, into the methoxy- 
cinnamic acid, which crystallised from warm benzene in colourless 
squat prisms, m. p. 159° with slight sintering at 150° (Found: C 
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71-0; H, 7:1. ©,,H,,0, requires C, 70-9; H, 7-3%). It is readily 
soluble in alcohol or acetone and rapidly decolorises bromine water. 
Oxidation of this acid in aqueous acetone by means of potassium 
permanganate gave 2-methoxy-4-methylacetophenone ; semicarb- 
azone, m. p. and mixed m. p. 200—201°. 

2-(3' : 4’-Methylenedioxystyryl)-7-methyl -3 -ethyl-1 : 4-benzopyrone. 
—A mixture of 2-hydroxy-4-methyl-n-butyrophenone (5 g.) (Pyman 
and co-workers, J., 1930, 288), sodium acetate (5 g.), and acetic 
anhydride (50 ¢.c.) was heated at 220° for 24 hours. After the 
decomposition of the anhydride with water the product was isolated 
by means of ether and distilled under diminished pressure. A 
solution of the main fraction, b. p. 140—190°/15 mm., in 5% 
alcoholic sodium hydroxide (20 c.c.) was kept for 24 hours, diluted 
with water, and extracted with ether. On evaporation the dried 
extract left a pale yellow oil (2 g.), b. p. 180—190°/15 mm. This 
material consisted mainly of 2: 7-dimethyl-3-ethyl-1 : 4-benzo- 
pyrone, since on condensation with piperonal in alcoholic sodium 
ethoxide it gave an almost theoretical yield of the styryl-1 : 4- 
benzopyrone, which separated from warm alcohol in stellate aggre- 
gates of slender yellow needles, m. p. 160° (Found : C, 75-3; H, 5-5. 
C,,H,,0, requires C, 75-4; H, 54%). 

Condensation of m-Cresol and Ethyl «-Ithylacetoacetate with 
Phosphoric Oxide—The vigorous interaction between m-cresol 
(20 g.), ethyl «-ethylacetoacetate (5 g.), and phosphoric oxide (20 g.) 
(agitate) was controlled by occasional cooling in tap-water and 
further quantities of m-cresol (10 g.) and oxide (20 g.) were added. 
The mixture was heated at 140° (oil-bath) for } hour and then on 
the steam-bath for 1 hour. An aqueous solution of the dark 
coloured product was basified with sodium hydroxide and extracted 
with ether. After the evaporation of the solvent the extract was 
distilled under reduced pressure and the main fraction, b. p. 170— 
190°/20 mm., was mixed with an equal volume of light petroleum. 
2 : 5-Dimethyl-3-ethyl-1 : 4-benzopyrone, which gradually crystallised, 
was separated and after the removal of the light petroleum the 
mother-liquor was distilled in a vacuum; when the distillate was 
mixed with light petroleum, a further quantity of the solid was 
obtained. Recrystallised from light petroleum, the pyrone formed 
thick pointed prisms (1 g.), m. p. 86° (Found: C, 77-1; H, 74%. 
C,3H,,0, requires C, 77-2; H, 69%). On condensation with 
piperonal, it gave 2-(3’ : 4’-methylenedioxystyryl)-5-methyl-3-ethyl- 
1 : 4-benzopyrone, which separated from warm alcohol in rosettes 
of canary-yellow needles, m. p. 180° (Found: C, 75:3; H, 55. 
C,H, 0, requires C, 75-4; H, 5-4%). 

The mother-liquor left after the removal of the second portion of 
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the foregoing pyrone was distilled under diminished pressure; the 
colourless oil (1 g.) obtained, b. p. 180—190°/20 mm., appeared to 
consist mainly of 2 : 7-dimethyl-3-ethyl-1 : 4-benzopyrone, since on 
treatment with piperonal and alcoholic sodium ethoxide it formed a 
styryl derivative, m. p. 150° after one crystallisation from alcohol. 
Repeated crystallisation from the same solvent finally gave 
2-(3’ : 4’-methylenedioxystyryl)-7-methyl-3-ethyl-1 : 4- benzopyrone 
in clusters of slender, canary-yellow needles, m. p. and mixed m. p. 
159—160° (Found: C, 75-3; H, 5-5%). 

2-Methoxy-8 : 4-dimethyl-«-ethylcinnamic acid (2-3 g.), which was 
prepared from 4:7-dimethyl-3-ethylcoumarin (5 g.) (Fries and 
Klostermann, Annalen, 1908, 362, 1), separated from warm benzene- 
ligroin in squat prisms, m. p. 123° (Found : C,71:8; H, 7-6. C,,H,,0, 
requires C, 71-8; H, 7:7%). It was readily soluble in alcohol, 
benzene, or acetone, instantaneously decolorised bromine water, and 
on oxidation in aqueous acetone with potassium permanganate 
gave 2-methoxy-4-methylacetophenone (semicarbazone, m. p. and 
mixed m. p. 200—201°). 

7-Methylflavone.—2-Hydroxy-4-methylacetophenone (3 g.) was 
heated with benzoic anhydride (18 g.) and sodium benzoate (4 g.) 
at 180—200° for 12 hours. The product was dissolved in warm 
alcohol (80 c.c.), a solution of potassium hydroxide (10 g.) in water 
(10 c.c.) added, and the liquid refluxed for 15 minutes and then 
diluted with water (200 c.c.). An ethereal solution of the oil thus 
precipitated was separated and dried and on the removal of the 
greater part of the solvent the residue slowly deposited crystals of 
the flavone. These were drained on porous plate and crystallised 
from a small volume of alcohol, giving yellow, elongated, hexagonal 
prisms (0-8 g.), m. p. 120° (Found: C, 81-4; H, 5-0. C,.H,,0, 
requires C, 81-4; H, 5-1%). 

5-Methylflavone—When the vigorous reaction between m-cresol 
(30 g.), ethyl benzoylacetate (10 g.), and phosphoric oxide (20 g.) had 
subsided, the mixture was heated at 140° (oil-bath) for 20 minutes 
and then on the steam-bath for 1 hour. An aqueous solution of the 
product was basified with sodium hydroxide and twice extracted 
with ether, the combined extracts were dried and evaporated, ard 
the residual oil was distilled under diminished pressure. The first 
fraction (4 g.), b. p. 180—200°/5 mm., which solidified on cool- 
ing, was drained and crystallised from aqueous alcohol, giving 
5-methylflavone in colourless hexagonal plates (1 g.), m. p. 
129—130° (Found: C, 81-3; H, 5-2%), readily soluble in alcohol 
or benzene; mixed with 7-methylflavone, it had m. p. about 100°. 
The second fraction (3 g.), b. p. 200—230°/5 mm., did not crystallise 
alone or on inoculation with either of the isomeric flavones, 
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4-Phenyl-7-methylcoumarin.—A solution of m-cresol (2 g.) and 
ethyl benzoylacetate (1-5 g.) in concentrated sulphuric acid (5 c.c.) 
was kept at room temperature for 24 hours, poured into ice-water, 
and basified with sodium hydroxide. Next day the cowmarin was 
collected and crystallised from 80°% alcohol, forming long colourless 
needles (0-7 g.), m. p. 96° (Found: ©, 81-3; H, 5-0. C,gH,,0, 
requires C, 81-4; H, 5-1%). 

The phenylhydrazone of 2-hydroxy-4-methylbenzophenone (Rosen- 
mund and Schnurr, loc. cit.) separated from alcohol in pale yellow, 
hexagonal plates, m. p. 137—138° (Found: C, 79:3; H, 6-0. 
CopH, ,ON, requires C, 79-5; H, 6-0%). Attempts to convert the 
ketone into 4-phenyl-7-methylcoumarin by ring closure with acetic 
anhydride and sodium acetate were unsuccessful: e.g., an experi- 
ment carried out at 230—240° for 20 hours gave only the acetate 
of the ketone, which crystallised from alcohol in rhombic plates, 
m. p. 97°, and was identical with a specimen prepared with acetic 
anhydride and pyridine at room temperature (Found: C, 75-7; 
H, 5-4. C,,H,,0, requires C, 75-6; H, 5-5%). A mixture of the 
acetate and 4-phenyl-7-methylcoumarin melted at 75—78°. 

Condensation of O-Dimethylresorcinol with Ethyl Acetoacetate and 
with Ethyl «-Methylacetoacetate——A mixture of O-dimethylresorcinol 
(2-5 c.c.) and ethyl acetoacetate (4 c.c.) was dissolved in 80% (or 
87%) sulphuric acid (25 c.c.) cooled to below 20°, and the light brown 
solution was kept at room temperature for $ hour and poured on 
ice. Next day the solid was drained to remove unchanged dimethyl- 
resorcinol, washed with dilute sodium hydroxide solution and then 
with water, and crystallised from dilute alcohol. 7-Methoxy-4- 
methylcoumarin thus obtained, m. p. 159°, was identified by com- 
parison with an authentic specimen (Part III; J., 1931, 1263). 

To 85% sulphuric acid (50 c.c.) cooled in ice-water, a mixture of 
O-dimethylresorcinol (9 c.c.) and ethyl «-methylacetoacetate (14 c.c.) 
was gradually added. 14 Hours later the reddish-coloured solution 
was poured into ice-water and the solid was collected, agitated with 
dilute sodium hydroxide solution to remove a small amount of 
alkali-soluble material, washed with water, and crystallised from 
80% alcohol. 7-Methoxy-3 : 4-dimethyleoumarin formed elongated 
prisms, m. p. and mixed m. p. 142—143° (Part III; Joc. cit.), The 
use of 80°% sulphuric acid gave a similar result. 


Lonpon ScHoot or HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. [Received, April 9th, 1932.] 
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224. Hydroxy-carbonyl Compounds. Part VIII. 
Some Derivatives of 2: 6-Dihydroxytoluene. 


By E.¥rep Tomas JonEs and ALEXANDER ROBERTSON. 


THE present investigation was undertaken (a) to establish the 
orientation of the compounds formed by the nuclear methylation 
of resacetophenone and f-resorcylic acid (Wechsler, Monatsh., 
1894, 15, 239; Gregor, ibid., p. 437; Perkin, J., 1895, 67, 990; 
Crabtree and Robinson, J., 1918, 113, 868) and (b) to attempt to 
obtain further independent evidence in support of the constitution 
of the benzophenonecarboxylic acid (ITI) recently used by us in the 
synthesis of rubiadin (J., 1930, 1699). 


Me Me Me 
MeO, OH Me OH Me OH 
COR O,H O-C,H,°CO,H 
(I.) (II.) (IIT.) 


Identical specimens of 2 : 6-dihydroxytoluene have now been 
obtained from 6-amino-o-tolyl p-tolwenesulphonate, 6-methoxy-o- 
cresol, and from the acid (II) (compare Ullmann, Ber., 1884, 17, 
1963; Heinrich and Herold, Ber., 1927, 60, 2053; Herzig and 
Wenzel, Monatsh., 1903, 24, 881). 

The orientation of the aldehyde (I, R = H) and hence that of the 
acid (II), which it yields on oxidation, is established by the formation 
of 4’ : 7-dimethoxy-8-methylflavylium ferrichloride. Similarly the 
formula (I, R = Me) assigned to C-methylpeanol by Perkin 
(loc. cit.) follows from its conversion into 7-methoxy-2 : 8-dimethyl-1 : 4- 
benzopyrone. 

We had hoped to convert the acid (III) into the ketone (I, R = Ph) 
by decarboxylation and to establish the orientation of the latter 
substance by ring closure with sodium acetate and acetic anhydride, 
but (I, R = Ph) could not be obtained from (III) and a specimen 
prepared by another method did not undergo ring closure in the 
usual manner. 

EXPERIMENTAL. 


6-Amino-o-tolyl p-Toluenesulphonate—A mixture of 6-nitro-o- 
cresol (6 g.) (Néelting, Ber., 1904, 37, 1020), p-toluenesulphonyl 
chloride (13 g.), and pyridine (14 c.c.) was heated on the steam-bath 
for 1 hour and poured into water (200 c.c.). Next day the p-toluene- 
sulphonate of 6-nitro-o-cresol was collected and crystallised from 
aleohol (charcoal), forming elongated colourless laminz (13-5 g.), 
m. p. 94° (Found: C, 54-9; H, 4:4. C,,4H,,0,NS requires C, 54-7; 
H, 43%), 
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The nitro-compound was carefully reduced with stannous chloride 
(25 g.), acetic acid (25 c.c.), and concentrated hydrochloric acid 
(10 c.c.), the solution heated on the steam-bath for 1 hour and poured 
into water (300 c.c.), the solid collected, washed with 10°% potassium 
hydroxide solution and then with water, and crystallised from 
alcohol, the amine being deposited in celourless prisms, m. p. 
108° (Found: C, 60-6; H, 5-4. C,,H,,;0,NS requires C, 60-7; 
H, 5-4%). The sulphate of this base is sparingly soluble in water. 

2 : 6-Dihydroxytoluene.—({A) 6-Methoxy-o-cresol (J., 1930, 1699) 
(5 g.) was gently boiled with hydriodic acid (26 c.c. ; d 1-7) for 2 
hours, the cooled mixture poured into 5%, aqueous sodium bisulphite 
(200 c.c.), and the product isolated by means of ether. A hot 
benzene-ligroin extract of the crude material, filtered from insoluble 
coloured impurities, deposited 2 : 6-dihydroxytoluene, m. p. 112— 
115°, on cooling. Recrystallised from benzene, this formed colour- 
less elongated prisms (3 g.), m. p. 117° (the melt cleared slowly) 
(Found: C, 67-8; H, 6-5. Calc. for C,H,O,: C, 67-7; H, 65%) 
(Ullmann, loc. cit., gives m. p. 63—66°). The compound is readily 
soluble in ether, alcohol, and water and insoluble in ligroin. With 
ferric chloride its aqueous solutions give a faint dark violet coloration 
which fades on the addition of an excess of the reagent. The 
dibenzoate separated from warm methyl alcohol in fern-like clusters 
of needles, m. p. 105—106° (Found: C, 76-0; H, 4-8. Calc. for 
C,,H,,0,: C, 75-9; H, 48%) (Herzig and Wenzel, loc. cit., record 
m. p. 101—103°). 

(B) 2-Hydroxy-4-methoxy-3-methylbenzoic acid was prepared 
from £-resorcylic acid and crystallised from dilute methyl alcohol, 
forming slender needles, m. p. 215—216° (Perkin and Herzig and 
Wenzel, locc. cit., give m. p. 210°). Treatment of this acid (2 g.) 
with boiling hydriodic acid (12 c.c.) for 3 hours gave 2 : 6-dihydroxy- 
toluene, m. p. and mixed m. p. 117°; the dibenzoate had m. p. and 
mixed m. p. 105—106°. 

(C) A solution of the O-p-toluenesulphonate of 6-amino-o-cresol 
(15 g.) in boiling 10°, sulphuric acid (50 c.c.) was rapidly cooled to 0°, 
a slight excess of sodium nitrite (5 g.) introduced, and the mixture 
stirred until the small crystals of the sulphate had disappeared 
(3—4 hours). The excess of nitrous acid was destroyed with urea, 
the filtered diazonium solution heated on the water-bath for 15 
hours, and the p-toluenesulphonate of 2 : 6-dihydroxytoluene 
quickly separated. The crude ester, which partly solidified on 
cooling, was hydrolysed by boiling with 12% aqueous potassium 
hydroxide (100 ¢.c.) for 4 hours and after neutralisation with dilute 
sulphuric acid the solution was cooled, treated with charcoal, 
filtered, and saturated with ammonium sulphate. 2 : 6-Dihydroxy- 
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toluene, isolated by five extractions with ether, crystallised from 
benzene in colourless prisms (3-5 g.), m. p. and mixed m. p. 117°. 

2 : 4.Dihydroxy-3-methylbenzaldehyde.—The condensation of 2 : 6- 
dihydroxytoluene (2 g.) and hydrogen cyanide (2 c.c.) in ethereal 
solution was effected with zinc cyanide (2 g.) and excess of hydrogen 
chloride. A solution of the resulting aldimine in water (35 c.c.), 
heated on the steam-bath for 20 minutes, gave the aldehyde, 
which crystallised from water in almost colourless, rhombic 
prisms, m. p. 150° with slight sintering at 147° (Found: C, 63-2; 
H, 5-4. C,H,O, requires C, 63-2; H, 53%). The substance, 
which is readily soluble in alcohol, acetone, or ether, separates from 
warm benzene in rectangular plates, forms an orange solution with 
aqueous calcium hypochlorite, and gives a wine-red coloration with 
alcoholic ferric chloride. 

2-Hydroxy-4-methoxy-3-methylbenzaldehyde (I, R = H).—Zine 
cyanide (5 g.) and hydrogen cyanide (5 c.c.) were added to a solution 
of 6-methoxy-o-cresol (5 g.) in ether (90 c.c.) and the mixture was 
saturated with hydrogen chloride. Next day the crystalline solid 
was collected, washed with ether, and hydrolysed with water (100 c.c.) 
during 1 hour on the water-bath, yielding a brown oil which solidified. 
A solution of the solid in ether was washed with 10% aqueous 
sodium carbonate and then with water, and after the removal of the 
solvent the product (4-5 g.) was distilled in steam and crystallised 
from dilute methy] alcohol, forming colourless, elongated, rectangular 
plates, m. p. 64°, easily soluble in alcohol or benzene (Found : C, 65-1 ; 
H, 6-1. C,H, )0, requires C, 65-1; H,6-0%). With alcoholic ferric 
chloride it gives a reddish-brown coloration and with aqueous 
calcium hypochlorite a lemon-yellow coloration. 

Partial methylation of 2 : 4-dihydroxy-3-methylbenzaldehyde 
(0-7 g.) with methyl iodide (1 c.c.) and excess of potassium carbonate 
in boiling acetone during 1-5 hours gave an almost quantitative 
yield of the 4-methyl ether, which crystallised from dilute methyl 
alcohol in plates, m. p. and mixed m. p. 64° (Found: C, 65-3; H, 
60%). 

4’: 7-Dimethoxy-8-methylflavylium Ferrichloride——The condens- 
ation of the foregoing aldehyde (0-75 g.) and p-acetylanisole (0-5 g.) 
was effected in dry ethyl acetate by means of hydrogen chloride 
and after 3 days the chloride was isolated and crystallised from 
9%, hydrochloric acid, forming slender reddish-brown . needles. 
The ferrichloride separated from hot acetic acid in glancing, dark-red, 
rhombic plates, m. p. 177—178° (Found: ©, 45-0; H, 3:5. 
C,,H,,0,Cl,Fe requires C, 45-1; H, 3-5%). 

2-Hydroxy-4-methoxy-3-methylbenzoic Acid (I1).—2-Hydroxy-4- 
methoxy-3-methylbenzaldehyde (1 g.) was dissolved in warm 
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acetone (20 c.c. at 50°) and oxidised by the gradual addition of a 
solution of potassium permanganate (1-6 g.) in water (27 c.c.). 
After 15 minutes the cooled reaction mixture was cleared with 
sulphur dioxide, and the acetone evaporated in a vacuum. A 
solution of the solid in aqueous sodium bicarbonate was filtered from 
unchanged aldehyde and on acidification with hydrochloric acid 
gave 2-hydroxy-4-methoxy-3-methylbenzoic acid, which crystallised 
from methyl alcohol in clusters of needles (0-5 g.), m. p. and mixed 
m. p. 215—216° (Found: C, 59-5; H, 5-4. Cale. for CyH,,0,: 
C, 59-3; H, 55%). With alcoholic ferric chloride the acid gave a 
purple coloration and with aqueous calcium hypochlorite a bright 
yellow coloration. 

2-Hydroxy-4-methoxy-3-methylacetophenone (I, R = Me).— 
6-Methoxy-o-cresol (2 g.) and acetonitrile (1 g.) were condensed by 
means of zinc chloride (2 g.) and excess of hydrogen chloride in 
dry ether (50 c.c.) and 24 hours later the crystalline solid was 
collected, washed with ether, and hydrolysed by boiling with water 
(30 ¢.c.) for 1 hour. The product (1-2 g.), which was insoluble in 
1% aqueous sodium hydroxide or in 10% aqueous sodium carbonate, 
appeared to consist entirely of 2-hydroxy-4-methoxy-3-methy]l- 
acetophenone. Crystallised from 80% methyl alcohol, it formed 
colourless prismatic needles, m. p. 83° (Found: C, 66-4; H, 6-7. 
Cale. for C,,H,,0,: C, 66-7; H,6-7%). The ketone gave a brownish- 
purple ferric chloride reaction. 

2-Hydroxy-4-methoxy-3-methylbenzoylacetone—A mixture of the 
foregoing ketone (2 g.), sodium (i g. in small pieces), and ethyl 
acetate (15 c.c.) was heated on the steam-bath for 2 hours; a bright 
yellow solid quickly formed and after 1 hour further quantities of 
sodium (1 g.) and ethyl acetate (10 c.c.) were added. The resulting 
thick brown oil was poured into water (200 c.c.), and the solution 
acidified with acetic acid. Next day the diketone was collected, 
dried, and crystallised from benzene-ligroin, forming almost 
colourless needles, m. p. 118° (Found: C, 65-1; H, 6-2. C,,.H,,0, 
requires C, 64-9; H, 63%). The compound is readily soluble in 
alcohol, acetic acid, or benzene, and gives a dull purple ferric 
chloride reaction. 

7-Methoxy-2 : 8-dimethyl-1 : 4-benzopyrone—The diketone just 
described was quantitatively converted into the 1 : 4-pyrone by 
boiling with acetic acid (4 ¢.c.) containing one drop of concentrated 
hydrochloric acid for 3 minutes. The cooled solution was diluted 
with water (50 c.c.) and the compound was collected and crystallised 
from benzene-ligroin, forming squat prisms. Recrystallised from 
dilute alcohol, it separated as a hydrate in long colourless prisms, 
m. p. 142° (Found in material dried at 110°: C, 70-6; H, 5-9. 
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C12H 1.03 requires C, 70-6; H, 5-9%). The colourless solution of 
the pyrone in concentrated sulphuric acid exhibits a bluish-green 
fluorescence. 

2 : 4-Dihydroxy-3-methylbenzophenone.—(A) A solution of 2: 6- 
dihydroxytoluene (2 g.) and excess of benzonitrile (3 g.) in ether 
(30 c.c.) was saturated with hydrogen chloride in the presence of 
zine chloride (2 g.), and a reddish viscous layer gradually separated. 
Two days later ether (100 c.c.) was added, the ethereal layer decanted, 
and the viscous liquid twice washed with this solvent (30 c.c.). 
A solution of the residual material in water (50 c.c.) was boiled for 
$ hour, and, on cooling, the ketone was collected and crystallised 
from 60°% alcohol, forming pale straw-coloured plates (2-5 g.), 
m. p. 177° (Found: C, 73-6; H, 5-5. C,,H,,0, requires C, 73-7; 
H, 5-3%). With alcoholic ferric chloride the compound gives a 
dark red coloration which becomes red-brown on dilution with water. 

(B) To a cooled solution of 6-methoxy-o-cresol (1 g.) and benzoyl 
chloride (1-1 g.) in carbon disulphide (10 c.c.), anhydrous aluminium 
chloride (3 g.) was added in three portions. The mixture was 
warmed on the steam-bath for 1 hour, the product decomposed with 
ice and dilute hydrochloric acid, an ethereal solution of the solid 
produced was extracted with 5% aqueous sodium hydroxide, and 
the extract acidified with hydrochloric acid giving the hydroxy- 
ketone, m. p. and mixed m. p. 177° after crystallisation from benzene. 

2-Hydroxy-4-methoxy-3-methylbenzophenone (I, R = Ph).—A mix- 
ture of the foregoing ketone (2 g.), methyl iodide (3 c.c.), acetone 
(20 c.c.), and powdered potassium carbonate (3 g.) was refluxed for 
2 hours. Acetone (50 c.c.) was added, the solution filtered from 
potassium salts, the solvent evaporated in a vacuum, and the solid 
residue triturated with 1% aqueous sodium hydroxide. The in- 
soluble monomethyl ether was collected, washed with water, and 
crystallised from alcohol, forming bright yellow, rhombic plates, 
m. p. 125° (Found: C, 74:3; H, 6-0. C,,;H,,0, requires C, 74-4; 
H, 58%). This substance sometimes separates from alcohol in 
needles which change in the course of a few hours into rhombic 
plates. The ferric chloride reaction is identical with that of the 
dihydroxy-compound. 


The authors are indebted to the Chemical Society for grants in 


aid of this investigation. 


Lonpon ScHoot or HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY or LonpDon. [Received, April 9th, 1932.] 
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acetone (20 c.c. at 50°) and oxidised by the gradual addition of a 
solution of potassium permanganate (1-6 g.) in water (27 c.c.). 
After 15 minutes the cooled reaction mixture was cleared with 
sulphur dioxide, and the acetone evaporated in a vacuum. A 
solution of the solid in aqueous sodium bicarbonate was filtered from 
unchanged aldehyde and on acidification with hydrochloric acid 
gave 2-hydroxy-4-methoxy-3-methylbenzoic acid, which crystallised 
from methyl alcohol in clusters of needles (0-5 g.), m. p. and mixed 
m. p. 215—216° (Found: C, 59-5; H, 5-4. Cale. for CyH,,0,: 
C, 59-3; H, 5-5%). With alcoholic ferric chloride the acid gave a 
purple coloration and with aqueous calcium hypochlorite a bright 
yellow coloration. 

2-Hydroxy-4-methoxy-3-methylacetophenone (I, R = Me).— 
6-Methoxy-o-cresol (2 g.) and acetonitrile (1 g.) were condensed by 
means of zine chloride (2 g.) and excess of hydrogen chloride in 
dry ether (50 c.c.) and 24 hours later the crystalline solid was 
collected, washed with ether, and hydrolysed by boiling with water 
(30 c.c.) for 1 hour. The product (1-2 g.), which was insoluble in 
1% aqueous sodium hydroxide or in 10°% aqueous sodium carbonate, 
appeared to consist entirely of 2-hydroxy-4-methoxy-3-methy]l- 
acetophenone. Crystallised from 80% methyl alcohol, it formed _ 
colourless prismatic needles, m. p. 83° (Found: C, 66-4; H, 6-7. 
Cale. for C,,>H,,0,: C, 66-7; H,6-7%). The ketone gave a brownish- 
purple ferric chloride reaction. 

2-Hydroxy-4-methoxy-3-methylbenzoylacetone—A mixture of the 
foregoing ketone (2 g.), sodium (1 g. in small pieces), and ethyl 
acetate (15 c.c.) was heated on the steam-bath for 2 hours; a bright 
yellow solid quickly formed and after 1 hour further quantities of 
sodium (1 g.) and ethyl acetate (10 c.c.) were added. The resulting 
thick brown oil was poured into water (200 c.c.), and the solution 
acidified with acetic acid. Next day the diketone was collected, 
dried, and crystallised from benzene-ligroin, forming almost 
colourless needles, m. p. 118° (Found: C, 65-1; H, 6-2. C,.H,,0, 
requires C, 64-9; H, 6-39). The compound is readily soluble in 
alcohol, acetic acid, or benzene, and gives a dull purple ferric 
chloride reaction. 

7-Methoxy-2 : 8-dimethyl-1 : 4-benzopyrone.—The diketone just 
described was quantitatively converted into the 1: 4-pyrone by 
boiling with acetic acid (4 ¢.c.) containing one drop of concentrated 
hydrochloric acid for 3 minutes. The cooled solution was diluted 
with water (50 c.c.) and the compound was collected and crystallised 
from benzene-ligroin, forming squat prisms. Recrystallised from 
dilute alcohol, it separated as a hydrate in long colourless prisms, 
m. p. 142° (Found in material dried at 110°: C, 70-6; H, 5-9. 
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C1.H,,0, requires C, 70-6; H, 5-9%). The colourless solution of 
the pyrone in concentrated sulphuric acid exhibits a bluish-green 
fluorescence. 

2 : 4-Dihydroxy-3-methylbenzophenone.—(A) A solution of 2: 6- 
dihydroxytoluene (2 g.) and excess of benzonitrile (3 g.) in ether 
(30 c.c.) was saturated with hydrogen chloride in the presence of 
zine chloride (2 g.), and a reddish viscous layer gradually separated. 
Two days later ether (100 c.c.) was added, the ethereal layer decanted, 
and the viscous liquid twice washed with this solvent (30 c.c.). 
A solution of the residual material in water (50 c.c.) was boiled for 
} hour, and, on cooling, the ketone was collected and crystallised 
from 60% alcohol, forming pale straw-coloured plates (2-5 g.), 
m. p. 177° (Found: C, 73-6; H, 5-5. C,,H,,0, requires C, 73-7; 
H, 53%). With alcoholic ferric chloride the compound gives a 
dark red coloration which becomes red-brown on dilution with water. 

(B) To a cooled solution of 6-methoxy-o-cresol (1 g.) and benzoyl 
chloride (1-1 g.) in carbon disulphide (10 c.c.), anhydrous aluminium 
chloride (3 g.) was added in three portions. The mixture was 
warmed on the steam-bath for 1 hour, the product decomposed with 
ice and dilute hydrochloric acid, an ethereal solution of the solid 
produced was extracted with 5° aqueous sodium hydroxide, and 
the extract acidified with hydrochloric acid giving the hydroxy- 
ketone, m. p. and mixed m. p. 177° after crystallisation from benzene. 

2-Hydroxy-4-methoxy-3-methylbenzophenone (I, R = Ph).—A mix- 
ture of the foregoing ketone (2 g.), methyl iodide (3 c.c.), acetone 
(20 c.c.), and powdered potassium carbonate (3 g.) was refluxed for 
2 hours. Acetone (50 c.c.) was added, the solution filtered from 
potassium salts, the solvent evaporated in a vacuum, and the solid 
residue triturated with 1%, aqueous sodium hydroxide. The in- 
soluble monomethyl ether was collected, washed with water, and 
crystallised from alcohol, forming bright yellow, rhombic plates, 
m. p. 125° (Found: C, 74:3; H, 6-0. C,,H,,0, requires C, 74-4; 
H, 58%). This substance sometimes separates from alcohol in 
needles which change in the course of a few hours into rhombic 
plates. The ferric chloride reaction is identical with that of the 
dihydroxy-compound. 


The authors are indebted to the Chemical Society for grants in 
aid of this investigation. 


Lonpon Scuoot or HyGrene anpD TROPICAL MEDICINE, 
University or Lonpon. [ Received, April 9th, 1932.] 























1694 HARRIS: A SOLID POLYBROMIDE OF POTASSIUM. 


225. <A Solid Polybromide of Potassium. 


By Ivan Water Henry Harris. 


POLYHALIDES of the alkali metals have been the subject of numerous 
investigations, and solid polyhalides of cesium, rubidium, and am- 
monium, stable at the ordinary temperature, have long been known. 
Only recently, however, has the existence of solid polyiodides of 
potassium at 25° been demonstrated (Grace, J., 1931, 594). 

The existence of one or more potassium polybromides in solution 
has been suspected since it was observed that aqueous potassium 
bromide readily dissolved large quantities of bromine (Léwig, Pogg. 
Ann., 1828, 14, 485); and that potassium bromide diminished the 
colour of aqueous solutions of bromine (Joseph and Jinendradasa, J., 
1911, 99, 274). This was supported by partition and conductivity 
experiments. A summary of the work already carried out is given 
by Griffith, McKeown, and Winn (Trans. Faraday Soc., 1932, 28, 
101). 

The present research revealed the existence of the solid compound 
2K Br,,3H,O from a phase-rule study of the more concentrated 
solutions in the system potassium bromide—bromine—water at 0°. 
This may throw some doubt on the validity of the assumption, 
always made previously, that the Br,’, Br,’, etc., ions are present 
in greatest proportion in solution. 


EXPERIMENTAL. 


Mixtures of the desired compositions were kept in well-stoppered 
bottles in ice and shaken at intervals until equilibrium was attained 
(approx. 15 days). The chemicals used were of A.R. quality and 
the potassium bromide was always very finely powdered. 

The supercooling effect already briefly discussed for the dilute solu- 
tions in this system (Harris, this vol., p. 582) was even more pro- 
nounced in the concentrated solutions. In one case, a mixture was 
cooled in an ice~-sait mixture for 2 hours and was shaken vigorously at 
intervals. It was concluded that a mixture of this composition 
was completely liquid over a considerable range of temperature. 
The mixture was stored in ice for 3 weeks, and was then still liquid. 
On further shaking, however, crystallisation occurred immediately. 
This can be induced by “ seeding ’ mixtures with a crystal of the 
polybromide when available, but the difficulty of bringing about 
the initial separation may account for this polybromide not having 
been reported previously. 

The only modification necessary in the method of sampling and 
analysing solution and wet crystals already described (Harris, loc. 
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cit.) was a correction for a trace of bromine retained by the potass- 
ium bromide even after strong heating. ‘This was determined by 
washing the residue into aqueous potassium iodide and titrating 
the liberated iodine with thiosulphate. The correction was always 
less than 0-05%. 

The results are in the following table and the complete system is 
shown graphically in the diagram. 


The system KBr-Br,-H,0 at 0°. 


Composition of liquid Composition of moist 
phase, %. solid phase, %. 
No. KBr. Br,. H,0. KBr. Br,. H,0. 

1 14-78 34:10 651-12 Invariant A, 3 phases present. 

2 16-14 41:95 41-91 ) 

3 1713 53-84 29-03 | Two liquid Almost pure bromine 

4 16-77 61-60 21-63 phases. (99-8%) in each case. 

5 15-54 68-87 15-59 | 

6 13:77 76-28 9-95 \ Invariant B, 19-68 73-82 6-50 

7 13:85 76-25 9-90 f 3 phases. 17-33. 75-02 7-65 

8 1443 75-28 10-29 17-61 74°37 8-02 

9 1460 74:20 11-20 17:73 74-09 8-28 
10 16:25 71-06 12-69 19-91 172-33 7-76 
11 1818 67-61 14-21 20-46 70-57 8-97 
12 1863 66-46 14-91 20-87 70-00 9-13 
13 22-87 58-51 18-62 22-47 66-86 10-67 
14 26-01 54-87 19-12 23°38 66-83 9-79 
15 28-17 53-32 18-51 24:99 6439 10-62 
16 29-02 52-85 18-13 Invariant C, 36-43 54-21 9-36 
17 29-50 60-30 20-20 62-41 26:59 11-00 
18 31:54 3446 34-00 63-10 18:50 18-40 


*19 34-50 0-00 65-50 
; Composition of solid from the diagram is Br,, 73-0; KBr, 22-0; H,O, 5-0%; 
1.¢., 4-93 Br: IK Br: 1-5H,O or 2K Br,,3H,0. 


* Determination of Etard (Compt. rend., 1884, 98, 1432). 


The invariant liquid C was shown to be in equilibrium with solid 
potassium bromide and polybromide, for its composition was not 
altered by addition of either solid. In a similar way, the composi- 
tion of the liquid B was not affected by addition of bromine or 
polybromide. 

The large solubility arc of the material allows of accurate applica- 
tion of Schreinemakers’s method of determining the composition of 
the dry solid, and in this manner its composition is well established. 
The pure solid was isolated by keeping some of the moist material 
over a mixture of finely divided potassium bromide and bromine in 
a stoppered bottle. The method of drying to constant weight was 
uncertain in this case, owing to the readiness with which the material 
evolved bromine vapour. It was therefore dried until analysis 
showed that constant composition was attained. The difficulty of 
transferring the material without loss of bromine is shown by the 
low results for it (Found: Br,, 72-72; KBr, 22:10; H,O, 5-18. 
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2KBr,,3H,O requires Br,, 73:26; KBr, 21-80; H,0, 494%). 
Experience showed that it was far easier to handle the wet crystals 
without appreciable loss. The compound formed long red needles, 
m. p. (in a sealed tube) 25°. 

Several early analyses gave indications of a higher hydrated 
polybromide corresponding closely to the composition K Br,,2H,0. 
Further results showed that this solid did not normally exist at 0°, 
and these analyses may have been due to the persistence of such a 


KBr 








H,0 Br,,10H,O 


solid which separated at a lower temperature during the initial 
cooling of the mixtures. This has not been investigated further, 
owing to difficulties involved in working at a still lower temperature. 

The possible existence of an anhydrous polybromide which would 
be decomposed by water was considered. It was found, however, 
that dry potassium bromide exhibits no tendency to take up 
bromine, apart from a preliminary effect due to adsorption and dis- 
placement of air by the vapour (1 g. of dry salt exposed for 3 days 
at 0° gained 0-1 g.; no change after a further 3 days). This con- 
firms the observation of Cremer and Duncan (J., 1931, 1865) that 
no anhydrous polybromides of potassium exist. This is in marked 
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contrast to the behaviour of the moist material (1 g. of moist salt 
gained 1-5 g. under similar conditions). 

Non-existence of Sodium Polybromide at 0°.—A mixture of finely 
divided sodium bromide, bromine, and water was prepared from 
chemicals of the same purity as described above, so that liquid 
bromine, an aqueous solution, and a solid co-existed. The aqueous 
solution was thus the highest invariant solution in the system. 
Analysis of the wet solid showed that it was hydrated sodium 
bromide. Successful sampling of the liquid for analysis was only 
achieved by using an asbestos filter, owing to the feathery nature 
of the solid. Addition of bromine and hydrated sodium bromide 
did not alter the composition of the aqueous solution. 


Summary. 


1. The solubility curves in the system potassium bromide— 
bromine—water have been determined at 0° for the more concen- 
trated solutions. 

2. It is shown that a solid potassium polybromide, 2K Br,,3H,O, 
exists. 

3. No anhydrous polybromide exists, 

4. Sodium gives no polybromide at 0°. 


Thanks are due to Professor H. B. Baker, C.B.E., F.R.S., for his 
interest in this work; also to the Department of Scientific and 
Industrial Research for a grant. 


Roya CoLLEeGE or SCIENCE, 
Lonpon, S.W. 7. [ Received, March 17th, 1932.] 





226. Hthyl Palmitate. Its Density, Surface Tension, 
Parachor, and Eétvis—Ramsay—Shields Coefficient. 


By Ceci Pair ELLIs. 


THE scanty data available for the calculation of the parachor of 
long-chain substances seem to show that values calculated by means 
of Sugden’s atomic and structural constants (J., 1924, 125, 1177) 
are consistently too low, better agreement being obtained when 
these constants are modified as suggested by Mumford and Phillips 
(J., 1929, 2112). 

The density and surface tension of pure ethyl palmitate have 
therefore been determined with a view to provide additional data. 
The mean value of the parachor obtained for this substance is 785-7 ; 
this is 1-25 higher than the value given by the later constants 
and 3-11°% higher than would be expected from Sugden’s constants. 
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The value of the Eétvés—-Ramsay-Shields constant is — 3-45, 
which is higher than the mean value of — 2-12. Similarly high 
values are, however, usual for substances of this type, e.g., & for 
amy! stearate is — 3-82 (Morgan and Kramer, J. Amer. Chem. Soe., 
1913, 35, 1834). 


EXPERIMENTAL. 


Ethyl Palmitate—This was prepared from Kahlbaum’s purest 
palmitic acid by the Fischer and Speier method of esterification. 
It was purified by repeated fractional distillation at a few mm, 
pressure from a quartz flask through a short (10 inch) column; the 
fractions were collected in a Bruhl receiver. After several crystal- 
lisations from acetone at 0°, the ester had m. p. 24-1° (Beckmann 
method) and 25-0° (capillary tube). Smith (J., 1931, 802) gives 
24-18° and 25° respectively, and Francis, Piper, and Malkin (Proc. 
Roy. Soc., 1930, 128, A, 217) give 25° (capillary tube). 

Density and Surface-tension Determinations.—Surface tensions (y, 
dynes/cm.) were determined by the method of maximum bubble 
pressure (Sugden, J., 1922, 121, 858; 1924, 125, 27), and densities 
(g./c.c.) with a U-shaped pyknometer (J., 1924, 125, 1171). 


Temp. D*. Temp. D*.. Temp. y. Temp. y. 

22-0° 0-8598 78-0° 00-8177 22-0° 31-54 61-5° 27-42 
27-2 0-8561 80-0 0-8164 25-0 31-10 70-1 26-89 
34-0 0-8509 95-1 0-8046 28-4 30-30 80-3 25-76 
40-7 0-8459 111-7 0-7935 29-7 30-46 90-5 25°31 
47°5 00-8411 121-9 0-7856 30-2 30-34 100-7 24-25 
54:5 0-8362 142-5 0-7698 34:8 29-97 111-0 23-06 
61-0 0-8305 40-1 29°24 126:5 21-98 


46-2 28-91 142-0 21-11 
53-4 28-32 146-0 20-42 


Parachor —The above data were plotted (see below), and values 
taken from the curves were used in ecaleulating the parachor, 


P= My' /(D —d). The density of the vapour, d, being very small, 
was neglected. 


Temp. D{. y- I Temp. D*.. y: P. 
22° 0-8598 90° 0-8087 31-54° 783-6 25-17 787-4 
30 0-8538 110 0-7941 30°34 781-6 23-46 787-9 
50 0-8388 130 0:7794 28-63 784-1 21-74 = 787°7 
70 0-8237 140 0-7718 26-91 786-1 20-87 787°4 


- 


Mean value of parachor 785-7. 


Rétvés—~Ramsay-Shields Coefficient.—This was calculated from the 
above figures by using the usual formula: the mean value was 
— 3-45. 


Temp. range ......... 30—50° 70—90° 110—130° 
er euriiers otter ay — 3-25 — 3°50 — 8-60 
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The graph of density against temperature is linear over the range 
covered, but that of surface tension shows a break at about 30° 
(see fig.). 

160° 





140° 
120° pe 


100° 

















5 
> 





Temperature. 


60° LE 
Be 











0° 
40 4 


20° 









































32 30 28 26 24 
Surface tension, dynes/em. 


to 
to 
nh 
—) 


I am indebted to Dr. 8. Sugden for some assistance with the pre- 
liminary calibration of the apparatus used. 


GOVERNMENT SCHOOL, 
Bo, Srerra LEONE. [Received, April 22nd, 1932.] 





227. Studies in the Sterol Group. Part XII. The 
Oxidation of a-Hrgostenol and its Derivatives. 


By Istpor Morris HEILBRON, JAMES CHARLES EDWARD 
Smpson, and Donatp GRAHAM WILKINSON. 


Ox{DATION of «-ergostenol by means of chromic anhydride yields 
according to Reindel (Annalen, 1928, 466, 131) the corresponding 
ketone, «-ergostenone, together with a second product, m. p, 219— 
221°, for which analytical values in agreement with the formula 
CysH,.0, were obtained. In attempting to repeat the oxidation 
of «-ergostenol under the precise conditions described by Reindel 
(loc: cit.) we have obtained «-ergostenone only in comparatively 
small amount, the main product being a substance (designated A) 
which after purification was obtained in pale lemon-yellow needles, 
m.p.185°, The acidic products of oxidation (15—20% of the whole) 
formed a viscous oil, from which a minute amount of a crystalline 
acid (m. p. 214—216°), C,.H,,0, or C,3H,,0,, was isolated via the 
methyl ester. Although «-ergostenone is not readily obtainable 
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by the above method, it can be prepared in good yield by high- 
vacuum distillation of the alcohol in presence of copper-bronze. 
Oxidation of «-ergostenol with the Beckmann reagent also gives 
rise to a-ergostenone in moderate yield, without production of 
substance A, but here acidic products predominate. Although 
these have not so far been examined in detail, a crystalline acid, 
identical with that obtained by the chromic anhydride oxidation 
of «-ergostenol, has been isolated. 

Substance A.—Analytical values for the vacuum-dried compound 
show that molecular degradation has occurred, the results pointing 
to either the formula C,,H,,0, or C,,H3,0,. Regarding the nature 
of the two oxygen atoms in the molecule, it seems unlikely that 
hydroxyl groups are present, as, apart from the fact that the yellow 
colour is removed, the original substance is recovered otherwise 
' unchanged after treatment with acetic anhydride. A _ similar 
phenomenon is cited by Windaus and Auhagen (Annalen, 1929, 
472, 185), who find that the yellow colours of both ergostadienone 
and ergostatrienone D are only removed after warming with acetic 
anhydride. Treatment of substance A with semicarbazide acetate 
produces immediately a very sparingly soluble product, m. p. 275°, 
which, however, does not appear to be a true semicarbazone. 
Similarly with hydroxylamine acetate a crystalline substance, 
m. p. 196—198°, has been isolated with much difficulty, but here 
again the analytical data are not in accordance with the values for 
either a mono- or a di-oxime. The substance fails to react with 
alkaline hypobromite. The possibility of an oxide linkage has been 
considered, but this seems to be precluded by the fact that the com- 
pound is recovered unchanged after refluxing with alcoholic sulphuric 
acid. Reduction of A by Clemmensen’s method yields a hydro- 
carbon, m. p. 85—86°, which gives positive Liebermann—Burchard 
and Tortelli—Jaffe reactions but is completely resistant to catalytic 
hydrogenation and thus apparently retains the inert unsaturated 
linkage of the original «-ergostenol. It would thus seem plausible 
to assume that this same linkage is also present in the unreduced 
product, the unsaturated nature of which is indicated by the deep 
purple colour given with the Liebermann—Burchard reagent. 

The oxidation of «-ergostenyl acetate gives rise almost entirely 
to a mixture of neutral products. Although these have not been 
quantitatively separated, three compounds comparable with those 
obtained by the chromic anhydride oxidation of cholesteryl] acetate 
(Mauthner and Suida, Monatsh., 1896, 17, 594) have been isolated 
in small yield. Of these, «-ergostenonyl acetate, m. p. 172°, separates 
first and is present in largest amount. It readily forms a semi- 
carbazone and on hydrolysis is converted into the free keto-alcohol, 
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a-ergostenonol, Cy,H,,0,, m. p. 155—156°, which on further oxidation 
with chromic anhydride yields «-ergostenedione, m. p. 183°, together 
with a trace of a crystalline acid, m. p. 225—230°. 

From the original filtrate after removal of the «-ergostenonyl 
acetate two other compounds melting respectively at 214—215° 
and 134—135° have been obtained, both of which appear to have 
the same molecular formula C,.H,,0, or C,,H,,0,: the amounts 
were too small to allow of further investigation of their structures. 

In addition to the above crystalline substances the oxidation of 
a-ergostenyl acetate yielded a large quantity of neutral viscous oil, 
from which a small amount of volatile material, which readily 
formed a semicarbazone, m. p. 156—158°, was removed in steam. 
Further quantities of this substance became available on re-oxidation 
of the non-volatile residue with chromic anhydride.. Its formation 
is reminiscent of the isolation of methyl isohexyl ketone by Windaus 
and Resau (Ber., 1913, 46, 1246) on oxidation of cholesteryl acetate 
with chromic anhydride. That, however, it is not identical with 
the latter ketone is shown by analysis of the semicarbazone, which 
fixes the formula of the free carbonyl compound as C,H,,0.* 

The oxidation of «-ergostenyl chloride with chromic anhydride 
gives rise, as in the case of «-ergostenyl acetate, to a neutral oil, 
from which about 25% of solid material separated from methyl 
alcohol solution. By repeated fractional crystallisation of the 
solid from alcohol a substance, m. p. 217°, giving analytical data 
corresponding to C,,H,,0,Cl has been isolated in small amount. 
It readily forms a monoxime, m. p. 190°, but does not appear to 
contain a hydroxyl group and is probably a ketone-oxide. The 
alcoholic filtrates on concentration supplied further crystalline 
material of lower melting point, from which, however, no other 
definite compound could be isolated. 


EXPERIMENTAL. 


Oxidation of «-Ergostenol with Chromic Anhydride.—Into a 
stirred solution of pure «-ergostenol (4 g., m. p. 131—132°) in glacial 
acetic acid (80 c.c.), maintained at 67—70°, a solution of chromic 
anhydride (4 g.) in glacial acetic acid (28 c.c.) and water (2 c.c.) 
was run during 70 minutes. After an hour, the mixture was cooled, 
diluted with water, and extracted with ether, and the extract 
separated into acid (Y) and neutral fractions. 

Isolation of substance A. The thick brown oil (3 g.) obtained 
from the dried neutral extract was crystallised from ether-alcohol 

* While this paper was in the press a paper appeared (Guiteras, Nakamiya, 


- Inhoffen, Annalen, 1932, 494, 116) identifying this as a dihydrothuja- 
ne. 
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(1:3). The crude material (m. p. 145—155°) was washed free from 
oil with cold methyl alcohol, and thrice crystallised from methyl 
alcohol-light petroleum and finally from alcohol (charcoal), from 
which it separated in lemon-yellow needles, m. p. 185°, [«]j" + 87° 
(¢ = 2°32 in chloroform), very sparingly soluble in light petroleum, 
moderately soluble in alcohol, and easily soluble in acetone (Found: 
C, 79-6, 79-8, 79:7; H, 10-3, 10-4, 10-1. C,,H,,0, requires C, 
79-8; H,10-1%. C,,H,,0, requires C, 80-0; H, 10-3%). 

«-Ergostenone having the properties ascribed to it by Reindel 
(loc. cit.) was isolated from the first methyl alcohol-light petroleum 
filtrate. 

Oxidation of «-ergostenol with chromic anhydride both at 50° 
and also at room temperature produced similar results. The 
further oxidation of «-ergostenone with chromic anhydride also 
yields A in small amount. 

Clemmensen Reduction of Substance A.—The compound (3 g., 
m. p. 184—185°) was boiled for 36 hours under reflux with hydro- 
chloric acid (300 c.c. of equal volumes of concentrated acid and water) 
and amalgamated zinc (45 g.), all crystalline material slowly 
disappearing. The cold solution was extracted with ether, and the 
extract washed, dried, and evaporated. The residual oil was taken 
up in ether—methyl alcohol, and the solid which slowly separated 
in the ice-chest was repeatedly crystallised from ether—methyl 
alcohol and finally from acetone, from which the hydrocarbon 
separated in prisms, m. p. 85—86° (Found: C, 87-2, 87-0; H, 
12-5, 127. C..H 3, requires C, 87-4; H, 126%. C,.,H3¢ requires 
C, 87-5; H, 12-5%). 

Catalytic Oxidation of «-Ergostenol.—x-Ergostenol (9 g.) was 
refluxed for 1 hour with clean copper-bronze (9 g.) in a high vacuum, 
and then distilled. The distillate (6 g.), b. p. 240—260°/0-1 mm., 
solidified almost completely on cooling, and was crystallised from 
ether—methy] alcohol and from acetone, «-ergostenone being obtained 
in colourless needles, m. p. 130° (benzylidene derivative, m. p. 
161—162°). 

Acid Products from Chromic Anhydride Oxidation of «-Ergostenol.— 
The oil separating from the sodium carbonate solution (Y, p. 1701) 
on acidification would not crystallise and was therefore esterified 
with methyl alcohol and sulphuric acid. The ester was isolated 
as an oil, a methyl-alcoholic solution of which gradually deposited 
crystals at -- 10°. The pure ester separated, after repeated crystal. 
lisation from methyl alcohol, in needles, m. p. 211—213°, {«)p 
+- 161° (c = 1:93 in chloroform) (Found: C, 73:5, 73-7; H, 9-2, 
9-4. C,,H,,0, requires C, 73-8; H, 97%. C,;HyO, requires C, 
74-2; H, 9-9%). 
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Oxidation of «-Ergostenol with the Beckmann Reagent.—Finely 
powdered «-ergostenol (20 g.) was shaken mechanically with the 
Beckmann reagent (500 c.c.) for 100 hours: carbon dioxide was 
generated and the pressure was periodically released. The product, 
which formed a semi-solid mass suspended in the solution, was 
diluted with an equal volume of water and repeatedly extracted 
with ether, the extract subsequently being separated into acid 
and neutral fractions by means of sodium carbonate solution. 
Much semi-solid material remained in the aqueous layer and gradually 
hardened. The material appears to be a complex chromium salt, 
but has not yet been fully examined. 

Acid fraction. Acidification of the sodium carbonate solution 
gave an oil, from which on esterification the same methyl ester, 
m. p. 212—213°, was obtained as from the chromic anhydride 
oxidation. 

Neutral fraction. Evaporation of the dried ethereal solution 
left a semi-solid residue, from which «-ergostenone (20% yield) 
was readily obtained after two crystallisations from acetone. 

Oxidation of «-Ergostenyl Acetate.—A solution of chromic anhydride 
(75 g.) in glacial acetic acid (50 c.c.) and water (5 ¢.c.) was added 
during 14 hours to a well-stirred solution of «-ergostenyl acetate 
(10 g.) in glacial acetic acid (200 ¢.c.) at 60°. After a further 4 
hour’s heating, the solution was largely diluted with water and 
extracted with ether, and the extract washed successively with 
sodium carbonate and water. (The acidic product of oxidation 
consisted of a very small amount of oily acid which was not examined 
further.) Removal of solvent from the dried ethereal solution gave 
@ viscous oil (8 g.), which partly crystallised when diluted with 
methyl alcohol (20 c.c.), yielding a pale yellow solid (2 g.), m. p. 
122—126°. A solution of this product (13 g., collected from various 
experiments) in hot alcohol (100 c.c.) deposited, on cooling, crop 
A (8 g.), m. p. 122—132°; the filtrate after concentration gave crop 
B (4-5 g.), m. p. 115—120°. 

a-Ergostenonyl acetate was obtained, by repeated crystallisation 
of crop A from alcohol, in pale yellow plates, m. p. 170—171°, 
sparingly soluble in alcohol (Found: C, 78-8; H, 10-3. C. 9H,,03 
requires C, 787; H, 10-4). The semicarbazone, which was 
obtained after long standing with semicarbazide acetate in ether- 
alcohol, separated from alcohol in colourless needles, m. p. 199— 
200° (Found: ©, 71-9; H, 100; N, 8-3. Og 9H,,0,N, requires 
C, 72-1; H, 98: N, 84%). 

Hydrolysis with methyl-alcoholic sodium hydroxide yielded 
a-ergostenonol, which crystallised from alcohol in colourless needles, 
mM. p. 155—156° (Found: C, 806; H, 11-0. C,,H,O, requires 
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C, 81:0; H, 110%). Reacetylation with acetic anhydride gave the 
acetate in a colourless form having the same melting point as the 
original yellow modification. 

«-Ergostenedione.—Oxidation of «-ergostenonol (0-3 g.) with 
chromic anhydride, the product being worked up in the usual 
manner, gave an oil, from a hot methyl-alcoholic solution of which 
a-ergostenedione separated. The pure ketone crystallised from 
alcohol in long plates, m. p. 183° (Found: C, 81-8; H, 108. 
Cy,H,.0, requires C, 81-4; H, 10-6%). 

Substance, m. p. 134—135°.—The accumulated filtrates from 
which «-ergostenonyl acetate had been.separated were concentrated 
and on standing at 0° deposited crystalline material (0-5 g.). Re- 
peated crystallisation from alcohol yielded the pure substance in 
prisms, readily soluble in most organic solvents (Found: C, 76-0, 
76-2; H, 10:5, 10-2. C.H,,0O, requires C, 76-3; H, 9-7%. 
Cy9H,,0, requires C, 76-0; H, 10-0%). 

Substance, m. p. 214—215°.—This product was isolated as shining 
plates in minute amount from crop B by repeated crystallisation 
from alcohol (Found: C, 76-2, 76:2; H, 10-0, 10:1. C,H,,0, 
requires C, 76:3; H, 9°7%. CygH,,0, requires C, 76-0; H, 10-0%). 

The yield of pure substances from crops A and B represented 
only a very small proportion of the total materials, but a more 
complete separation could not be effected. Attempts to separate 
pure substances in the form of their semicarbazones also proved 
ineffective. 

Volatile Product, C,;H,,0.—The neutral oil remaining after removal 
of solid material was subjected to steam distillation, whereby 4 
small quantity of volatile oil was obtained. Further oxidation of 
the residue with chromic anhydride, followed by steam distillation, 
yielded a further quantity of this material, which readily formed 
a semicarbazone crystallising from methyl alcohol in needles, m. p. 
156—158° (Found : C, 60-4; H, 10-4; N, 21-8. C, 9H,,ON, requires 
C, 60-3; H, 10-6; N, 21-1%). 

Oxidation of «-Ergostenyl Chloride.—A well-stirred suspension of 
a-ergostenyl chloride (6-5 g.) in glacial acetic acid (100 c.c.) was 
oxidised with chromic anhydride as described in the case of 
a-ergostenyl acetate. The viscous oil (6 g.) obtained on evaporation 
of the dried ethereal extract was dissolved in methyl alcohol (25 c.C.), 
yielding a solid (1-6 g.), from which, after repeated crystallisation 
from alcohol, a substance, m. p. 217°, was obtained in shining plates 
(0-3 g.), very sparingly soluble in most organic solvents (Found : 
C, 74:7; H, 101; Cl, 8:2. C,,H,,0,Cl requires C, 746; H, 99; 
Cl, 82%). The oxime, prepared by refluxing the ketone with 
hydroxylamine acetate in alcoholic solution for 5 hours, separated 
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from alcohol in needles, m. p. 190° (Found: C, 72-2; H, 10-0; 
N, 3:3. C,,H,,0O,NCI requires C, 72:1; H, 9-8; N, 31%). 


In conclusion we desire to express our thanks to the Department 
of Scientific and Industrial Research for personal grants to two of 
us (J. C. E. 8.; D. G. W.), and to Mr. W. Doran, M.Sc., for super- 
vising the micro-analytical determinations. 


Tue UNIversity, LIVERPOOL. [Received, March 31st, 1932.] 





228. Studies in the Sterol Group. Part XIII. 
Hydrocarbons of the Ergosterol Series. 


By Istpor Morris HeitBron, Frank Stuart Speine, and Eric 
TAYLOR WEBSTER. 


THE only hydrocarbons of the ergosterol series so far described are 
allo-«-ergostane, m. p. 84—85° (Reindel and Walter, Annalen, 1928, 
460, 212; compare also Reindel and Detzel, ibid., 1929, 475, 78), 
for which we suggest the simple name ergostane, and two isomeric 
ergotetraenes (Rygh, Z. physiol. Chem., 1929, 185, 99; Stoll, ibid., 
1931, 202, 232). 

In continuation of our work on the structure of ergosterol, hydro- 
carbons corresponding to dihydro- and tetrahydro-ergosterol have 
now been prepared. 

«-Ergostadiene, m. p. 124—125°, is readily obtained either from 
ergostadienyl chloride, m. p. 137°, on treatment with sodium and 
amyl alcohol or by the reduction of a-ergostadienone by Clemmen- 
sen’s method. It seems probable that it was an impure specimen 
of this hydrocarbon which Reindel and Walter (loc. cit.) isolated 
from their supposed «-ergostanol. Treatment of «-ergostadiene 
with hydrogen chloride yields 8-ergostadiene, m. p. 66—67°, while 
hydrogenation in presence of a palladium catalyst gives «-ergostene, 
m. p. 77—78°. The latter hydrocarbon has also been prepared 
both from «-ergostenyl chloride and from «-ergostenone by methods 
similar to those employed for the production of a-ergostadiene. 
a-Ergostene gives no coloration either with antimony chloride or with 
the Rosenheim reagent but responds to the Tortelli-Jaffe reaction 
(Heilbron and Spring, Biochem. J., 1930, 24, 133). 

When «-ergostadiene is treated with mercuric acetate in alcoholic 
acetic acid, it is smoothly dehydrogenated to ergostatriene-D, m. p. 
134—135°, which hydrocarbon we have also prepared by the Clem- 
mensen reduction of ergostatrienone-D. The latter ketone was first 
neon by Windaus and Auhagen (Annalen, 1929, 472, 185), who 
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obtained it by the action of finely divided nickel on dehydroergo- 
sterol. We have now prepared it in good yield by treating «-ergo- 
stadienone with mercuric acetate. Ergostatriene-D exhibits selec- 
tive absorption in the ultra-violet region of the spectrum and is 
characterised by well-defined absorption bands at 235 my, 243 my, 
and 252 my identical with those exhibited by ergostatrienone-D and 
ergosterol-D (Heilbron, Johnstone, and Spring, J., 1929, 2248). 


HEILBRON, SPRING, AND WEBSTER : 





EXPERIMENTAL. 

a«-Ergostadienyl Chloride.—Dry «-dihydroergosterol (6°5 g.) was 
triturated with phosphory] chloride (6-5 g.), added in small quantities 
during 15 minutes, and the resultant, dark green, pasty mass, after 
being heated with water, was extracted with ether. The residual 
material from the dried extract was repeatedly crystallised from 
benzene-alcohol, «-ergostadienyl chloride being obtained in long 
needles, m. p. 137°, [«]f’ — 7° (ce =4 in chloroform) (Found: 
C, 80-6; H, 10-8. C,,H,,Cl requires C, 80-5; H, 10-7%). 

a-Ergostadiene.—A solution of «-ergostadienyl chloride (1 g.) in 
hot amy] alcohol (40 c.c.) was treated with sodium (3 g.), added in 
small portions during 1 hour. The whole was then boiled for a 
further hour; the cold solution was shaken with water, the lower 
caustic soda layer separated, and the amy] alcohol removed in steam. 
The residue was extracted with ether and, after drying, the solution 
was concentrated to 4 c.c. and mixed with alcohol (4 c.c.). The 
product was recrystallised from alcohol, from which «-ergostadiene 
separated in flat needles, m. p. 124—125°, [a] —10° («= 18m 
chloroform). 

a-Ergostadiene can also be prepared in good yield by boiling 
a-ergostadienone (1 g.) in xylene (4 c.c.) with amalgamated zinc 
(50 g.) and concentrated hydrochloric acid (100 ¢.c.) for 70 hours, 
removing the xylene in steam, and extracting the residual solid with 
ether; crystallisation from alcohol—benzene gives the hydrocarbon 
as described above. 

a-Ergostadiene exhibits only general absorption and gives no colour 
with antimony trichloride, but with the Tortelli-Jaffe reagent an 
immediate green ring is produced (Found: C, 87-7, 87-8; H, 122, 
12:2. C,,H,, requires C, 88-0; H, 12-0%). 

§-Ergostadiene.—A solution of «-ergostadiene in chloroform was 
subjected to a stream of dry hydrogen chloride for 1} hours. The 
chloroform was removed under reduced pressure, and the residual 
oil dissolved in a small volume of alcohol. After standing at 0°, the 
separated solid was repeatedly crystallised from alcohol, from which 

B-ergostadiene separated in colourless crystals, m. p. 66—67°, 
[«}#" — 33°. The hydrocarbon can also be prepared by treatment 
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of §-dihydroergosterol, m. p. 123—124° (Heilbron, Johnstone, and 
Spring, loc. cit.), with phosphoryl chloride and treatment of the oily 
8-ergostadienyl chloride with sodium and amyl alcohol (Found: 
C, 87-9, 88-0; H, 11-9, 12-0. C,,H,, requires C, 88-0; H, 12-0%). 

a-Ergostenyl chloride, obtained in an analogous manner to that 
employed in the preparation of «-ergostadienyl chloride, crystallised 
from benzene-alcohol in flat needles, m. p. 109—110° (Found: 
C, 80-2; H, 10-9. C,,H,,Cl requires C, 80-1; H, 11-1%). 

a-Ergostene was prepared from «-ergostenyl chloride in the usual 
manner, but was more readily obtained directly from «-ergostenone 
by the Clemmensen method. The residual oil obtained after the 
reduction product had been worked up solidified rapidly and on 
recrystallisation from ether-methyl alcohol was obtained as fine 
needles, m. p. 70—72°. By three further crystallisations from the 
same mixture or from chloroform-methy] alcohol the melting point 
gradually rose to a constant value of 77—78°; [«]>’ + 11° (¢ = lin 
chloroform) (Found : C, 87-2, 87-3; H, 12-4, 12-8. C,,H4, requires 
C, 87-6; H, 12-4%). 

Ergostatrienone-D.—A solution of «-ergostadienone (10 g.) in 
alcohol (700 c.c.) was refluxed for 2 hours together with mercuric 
acetate (20 g.) and glacial acetic acid (40 c.c.), the precipitated 
mercurous acetate separated, and the excess of mercury removed as 
sulphide. The filtered solution was concentrated and kept in the 
ice-chest; the crude ketone gradually separated. After repeated 
crystallisation from alcohol—-benzene, ergostatrienone-D was obtained 
in needles, m. p. 204—205°, [«]p + 45° (c = 2 in chloroform), 
showing well-defined absorption bands at 235 my, 243 my, and 
252 mu. 

Ergostatriene-D.—Reduction of ergostatrienone-D with amalgam- 
ated zinc and concentrated hydrochloric acid in the usual manner 
gave the hydrocarbon, which crystallised from alcohol in needles, 
m. p. 134—135°, [a«]®’ + 42-7° (ec = 1-78 in chloroform); it gave 
with antimony chloride a yellow colour, changing fairly rapidly to 
orange and after some time to red (Found: C, 88-5; H, 11-6. 
C,,H,, requires C, 88-5; H, 11-5%). 


The authors are indebted to the Department of Scientific and 
Industrial Research for grants. 


Tae UNIversiry, LIVERPOOL. [Received, March 31st, 1932.] 
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229. Studies in the Sterol Group. Part XIV. p- 
Ergostenol and its Derivatives. 





By Isipon Morris Heiweron and DonaLD GRAHAM WILKINSON. 


THE isomerisation of «-ergostenol (m. p. 131—132°) was first studied 
by Reindel, Walter, and Rauch (Annalen, 1927, 452, 34), who 
obtained, by the action of hydrogen chloride on «-ergosteny] acetate, 
as main product a supposed B-acetate, m. p. 94—95°, together with 
a small quantity of a second compound, m. p. 110—111°, which gave 
on hydrolysis a sterol, m. p. 141—142°. Reindel and Walter later 
showed (Annalen, 1928, 460, 212) that the B-acetate was not a pure 
compound but an inseparable mixture of the «-acetate with the 
B-isomeride (compare also Hart, Speer, and Heyl, J. Amer. Chem. 
Soc., 1930, 52, 2016). 

We have now investigated the action of hydrogen chloride on 
a-ergostenyl benzoate, and have obtained a high-melting isomeride, 
m. p. 158—160°. This compound, which is undoubtedly pure 
B-ergostenyl benzoate, gave on hydrolysis B-ergostenol, m. p. 141—142°, 
[a]; + 19-4°, from which ergostanol (allo-«-ergostanol of Reindel 
and Walter, loc. cit.) was quantitatively obtained on hydrogenation, 
In contrast to «-ergostenol, 6-ergostenol and its derivatives do not 
give an immediate Tortelli-Jaffe reaction, but a coloration is 
obtained on standing. 

When £-ergostenol was distilled with copper-bronze powder in 
high vacuum, the corresponding ketone, 8-ergostenone, m. p. 149— 
151°, was obtained in good yield. Reduction of $-ergostenone by 
Clemmensen’s method gave rise to $-ergostene, m. p. 87—88°, which 
was also obtained by reduction of $-ergosteny] chloride with sodium 
and amyl alcohol. 


EXPERIMENTAL. 

8-Ergostenyl Benzoate.—Dry hydrogen chloride was passed during 
2 hours through an ice-cold solution of «-ergostenyl benzoate 
(10 g.; m. p. 118°) in dry chloroform (20 c.c.). The solution was 
evaporated to dryness under reduced pressure, the residue dissolved 
in hot benzene (25 c.c.), and this solution diluted with twice its 
volume of hot alcohol. On cooling, crude §-ergostenyl benzoate 
separated (m. p. 145—152°). After repeated crystallisation from 
benzene-alcohol, 8-ergostenyl benzoate (7-5 g.) was obtained in large 
prisms, m. p. 158—160°, very sparingly soluble in alcohol, acetone, 
and glacial acetic acid but readily soluble in benzene and chloroform ; 
[xP +- 18:3° (c = 4-65 in chloroform) (Found: C, 83-1; H, 102. 
C3,H 5,0, requires C, 83-3; H, 10-2%). 
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Treatment of 8-ergostenyl benzoate (1 g.) in chloroform (5 ¢.¢.) 
with hydrogen chloride at 0°, and fractional crystallisation of the 
product from benzene-alcohol, yielded a first crop (0-7 g.), m. p. 
145—148°, and a second crop (0-2 g.), m. p. 110—112°, which was 
identified as «-ergostenyl benzoate. 

6-Ergostenol,* obtained by hydrolysis of the benzoate with alcoholic 
potash, crystallised from alcohol in large plates and from ether, 
acetone, and ethyl acetate in fine needles, m. p. 141—142° (after 
drying at 100°); [a]p + 19-4° (c = 53 in chloroform) (Found : 
(, 83-7; H, 12-0. C,,H,,0 requires C, 83-9; H, 11-9%). 

§-Ergostenyl acetate, prepared from the sterol by means of acetic 
anhydride, crystallised from alcohol in shining plates, m. p. 111— 
112°, {a} + 13-1° (¢ = 5-45 in chloroform) (Found: C, 81-2; 
H, 11-2. C,9H,,0, requires C, 81-3; H, 11-2%). 

Ergostanol from @-Ergostenol.—A solution of 6-ergostenol (0-8 g.) 
in ethyl acetate (50 c.c.) was hydrogenated at room temperature with 
palladium (0-5 g.) as catalyst. The crude product had m. p. 135° 
and gave only a faint Liebermann—Burchard reaction, It was 
converted into its acetate, which on crystallisation from alcohol 
readily yielded pure ergostanyl acetate, m. p. 145°, from which 
ergostanol, m. p. 143—144°, was obtained on hydrolysis. 

8-Ergostenone.—B-Ergostenol (2 g.) was boiled under 0-5 mm. 
pressure with copper-bronze powder (2 g.) for } hour and then 
rapidly distilled. When the distillate, which formed a horn-like 
mass, was crystallised from alcohol, B-ergostenone separated (oxime, 
m. p. 220°), m. p. 149—151°, [«]}f” + 36-4° (c = 10 in chloroform). 
Its identity was established by comparison with f-ergostenone 
prepared according to Reindel’s method (Annalen, 1928, 466, 131). 

8-Ergostene.—{a) By reduction of f-ergostenone. $-Ergostenone 
(2 g. in 10 c.c. of xylene) was reduced by boiling for 30 hours with 
concentrated hydrochloric acid (200 c.c.) and amalgamated zinc 
(50 g.). The xylene was removed with steam, and the residue 
extracted with ether. The oily product from the dried extract 
solidified on standing, and after several crystallisations from acetone 
gave 8-ergostene as small shining leaflets (0-7 g.), m. p. 87—88°, 
{a}s" + 21-3° (c = 1-5 in chloroform) (Found: C, 87-5; H, 12-4. 
C,,H,, requires C, 87-6; H, 12-4%). 

(b) By reduction of 8-ergostenyl chloride. A mixture of dry 
B-ergostenol (2-6 g.), precipitated calcium carbonate (1 g.), and 
chloroform (4 ¢.c.) was intimately rubbed with phosphorus penta- 
chloride (2-5 g.). The product was treated with hot water and 

* Since this work was completed Hart and Emerson (J. Amer. Chem. Soc., 


1932, 54, 1070) also have obtained this compound in 5% yield by fractionation 
of partly isomerised a-ergostenol. 
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extracted with ether. Evaporation of the dried extract yielded the 
chloride as an oil (2 g.), which, without further purification, was 
reduced with sodium in boiling amyl alcohol, and the solvent 
removed with steam. Thecrude product was repeatedly crystallised 
from acetone; f-ergostene, m. p. 83—85°, was then obtained which 
gave no depression on admixture with the hydrocarbon prepared 
from $-ergostenone. 


The authors desire to express their thanks to Messrs. Imperial 
Chemical Industries Ltd. for valuable financial assistance, and to 
the Department of Scientific and Industrial Research for a grant to 
one of them (D. G. W.). They are also indebted to Mr. W. Doran, 
M.Sc., and Mr. W. F. Boston for carrying out by micro-methods the 
recorded analyses. 
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230. Studies in the Sterol Group. Part XV. The 
Relationship between a- and £-Ergostenol and 
their Derived Hydrocarbons. 


By ALEXANDER LANG Morrison and JAMES CHARLES EDWARD 
Srmmpson. 


THE action of various oxidising agents upon $-ergostenol (Heilbron 
and Wilkinson, preceding paper) has been studied with the object 
of determining the position of the double bond in this compound. 
Although nitric acid, chromic anhydride, and potassium permangan- 
ate have so far failed to give serviceable products, we have found 
that treatment of 6-ergostenol with excess of perbenzoic acid gives a 
practically quantitative yield of a well-defined oxide, m. p. 152—153°, 
which with dilute alcoholic sulphuric acid easily passes into an 
unsaturated monohydric alcohol, C,,H,O, m. p. 141—142°, giving 
an acetate, m. p. 138°. The physical constants of this alcohol and 
the fact that on catalytic hydrogenation it readily yields «-ergostenol, 
pointed to its identity with the dehydroergostenol obtained by 
Windaus and Liittringhaus by the action of perbenzoic acid upon 
«-ergostenol (Annalen, 1930, 481,119). In order to confirm this we 
have ourselves treated «-ergostenol with perbenzoic acid and have 
isolated the hitherto unknown «-ergostenyl oxide, m. p. 114—116°. 
Hydration of this substance, followed by acetylation of the crude 
product, yielded dehydroergostenyl acetate, which did not depress 
the melting point of the corresponding compound obtained from 
8-ergostenol. 
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A precisely similar relationship exists between the corresponding 
hydrocarbons «-ergostene and f-ergostene (this vol., p. 1708). 
These react with perbenzoic acid, forming «- and §-ergostene oxides, 
m. p. 118—119° and 122—123° respectively, both of which with 
alcoholic sulphuric acid provide dehydroergostene, m. p. 71—72°, 
which on hydrogenation gives «-ergostene, m. p. 77—78°. 

Windaus and Liittringhaus (loc. cit.) observed further that de- 
hydrogenation took place during the attempted bromination of 
a-ergostenol, but were unable to isolate a pure product. This we 
have confirmed, but have found, on the other hand, that 6-ergostenol 
when treated with one molecule of bromine in strongly cooled 
chloroform solution is almost quantitatively transformed into 
dehydroergostenol. Attempts to prepare dehydroergostenol by the 
action of mercuric acetate on $-ergostenol were unsuccessful, un- 
changed material alone being recovered. In no case have we ever 
obtained dehydroergostenol or its acetate having the melting 
points 144—145° (acetate, m. p. 145—146°) ascribed to them by 
Hart and Heyl (J. Amer. Chem. Soc., 1931, 53, 1413). 

The series of changes outlined above bear a marked resemblance 
to those reported by Borsche and Todd (Z. physiol. Chem., 1931, 
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497, 173) and by Wieland and Deulofeu (ibid., 1931, 198, 127) in 
connexion with the isomeric bile acids apocholic acid and dihydroxy- 
cholenic acid, both of which on treatment with perbenzoic acid and 
with bromine undergo dehydrogenation to give dihydroxycholadienic 
acid. Further points of resemblance between cholic acid and the 
ergosterol groups are found in the facts (a) that dihydroxycholadienic 
acid gives rise to apocholic acid, which, like «-ergostenol, is com- 
pletely resistant to further hydrogenation, and (6) that dihydroxy- 
cholenic acid can be hydrogenated to the saturated deoxycholic acid 
(Boedecker and Volk, Ber., 1922, 55, 2302) analogous to the form- 
ation of ergostanol from §-ergostenol. The preceding schemes 
illustrate the striking similarity between the two groups. 

Although the results so far obtained do not enable us to assign 
definite structural formule to either «- or $-ergostenol, the analogy 
between these compounds and apocholic and dihydroxycholenic 
acids renders it probable that the same molecular configurations 
appertain in both cases in so far as the condensed ring systems are 
concerned. 

EXPERIMENTAL. 

8-Ergostenyl Oxide.—-Ergostenol (2 g.) was treated with a solu- 
tion of perbenzoic acid in chloroform (0-2 g. of active oxygen) and 
left for 16 hours at 0°. The solution was washed with sodium 
carbonate solution and dried over sodium sulphate. The residue 
obtained after removal of solvent was crystallised from methyl 
alcohol, from which §-ergostenyl oxide separated in plates, m. p. 
152—153°, sparingly soluble in cold methyl alcohol, moderately 
easily soluble in acetone, and very soluble in chloroform and 
ether. Since the oxide contained water of crystallisation, it was 
prepared for analysis by drying in a vacuum at 115° for 5 hours 
(Found: C, 80-5, 80-4; H, 11-4, 11-6. C,,H,,0, requires C, 80-6; 
H, 11-4%). 

Dehydroergostenol from 8-Ergostenyl Oxide.—A solution of f-ergo- 
stenyl oxide (0-5 g.) in hot alcohol (50 c.c.) was treated with dilute 
sulphuric acid until a precipitate just appeared and was then heated 
for 15 minutes on the steam-bath. On cooling, dehydroergostenol 
separated in irregular plates which, after three recrystallisations 
from alcohol, had a constant m. p. 141—142° and [a}#’ — 16-4° 
(¢ = 1-16 in chloroform). With antimony trichloride it gave a 
yellow colour which gradually changed to pink. An acetone solution 
of the compound did not decolorise potassium permanganate in the 
cold and only slowly when heated. 

Dehydroergostenol and §-ergostenyl oxide both yielded «-ergo- 
stenol when hydrogenated in acetic acid solution in the presence of 
platinum oxide. 
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Dehydroergostenyl Acetate.*—A solution of dehydroergostenol 
(0-2 g.) in acetic anhydride (2 c.c.) was heated under reflux for 30 
minutes. On cooling, the acetate crystallised in plates and after 
recrystallisation from alcohol had m. p. 137—138°, which was not 
raised by further crystallisation (Found: C, 81-9, 81:7; H,. 11-3, 
11-2. Calc. for C,.H,,0, : C, 81:7; H, 10-8%). 

a-Ergostenyl Oxide.—a-Ergostenol (2 g.) was treated with a solu- 
tion of perbenzoic acid in chloroform under the same conditions as 
in the case of 8-ergostenol, and gave a product which, recrystallised 
from methyl] alcohol, formed fine needles, m. p. 114—116° (clear at 
122°). «-Ergostenyl oxide is very soluble in hot methyl alcohol, but 
sparingly soluble in the cold solvent (Found for vacuum-dried 
product: C, 80-4, 80-8; H, 11-6, 11-7. C,,H,,0, requires C, 80-6; 
H, 11-4%). 

Dehydroergostenol from «-Ergostenyl Oxide.—a-Ergostenyl oxide 
was treated as described for §-ergostenyl oxide. The product 
crystallised from alcohol in plates, m. p. 114—120°, and was un- 
changed by further recrystallisation. The compound was therefore 
acetylated in the usual manner, and the acetate after two crystallis- 
ations from alcohol melted at 134—136°, the value given by Windaus 
and Liittringhaus (loc. cit.). A mixture of the compound with the 
dehydroergostenyl acetate, m. p. 137—138°, obtained from 8-ergo- 
stenyl oxide melted at 134—137°. On hydrolysis with alcoholic 
caustic potash the acetate yielded dehydroergostenol, m. p. 140—141°. 

Hydrogenation of $-Ergostene to Ergostane.—A solution of 6-ergo- 
stene (2 g., m. p. 85—86°) in ethyl acetate-glacial acetic acid (150 
¢.c.) was shaken for 14 hours with hydrogen at room temperature 
together with Adams’s platinum oxide (about 0-2 g.), and, after 
filtering, was concentrated under reduced pressure to small volume 
and mixed with ether. The ethereal solution was washed free from 
acetic acid with sodium carbonate, dried, and evaporated. The 
crystalline residue was dissolved in chloroform (2 ¢.c.) and treated 
with acetic anhydride (2 ¢.c.) and concentrated sulphuric acid 
(05 c.c.) in order to remove traces of unchanged 8-ergostene. After 
¢ hour, more chloroform was added and the solution was repeatedly 
washed with water, dried, and evaporated. The residue after 
recrystallising once from acetone gave pure ergostane (1-5 g.), 
m. p. 82—83°, [a + 21° (c= 1-6 in chloroform) (Found: C, 
868; H, 13-1. Cale. for C,-Hyg: C, 87:1; H, 129%). 

8-Ergostene Oxide.—f-Ergostene was treated with perbenzoic acid 


* Work on this compound carried out after this paper was submitted for 
publication shows that it contains a conjugated system of double bonds as 
manifested by its combination with maleic anhydride in xylene at 135° to 
give a product, m. p. 164—166° (Found: C, 75°3; H, 8°8. Cs3H4sO, requires 
C, 75°6; H, 9°2%). 

3K2 
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as previously described. The crude product was crystallised from 
acetone, from which §-ergostene oxide separated in small soft plates 
(yield, 80%), m. p. 122—123°, moderately easily soluble in alcohol 
and acetone and easily in chloroform (Found: C, 84:0; H, 12-4. 
C.7H,,0 requires C, 83-9; H, 11-9%). 

Dehydroergostene from $-Ergostene Oxide.—A solution of §-ergo- 
stene oxide (1 g.) in hot alcohol (50 c.c.) was treated with 5 c.c. of 
alcohol containing a few drops of concentrated sulphuric acid. The 
mixture was boiled for 15 minutes and the dehydroergostene was 
then precipitated with water and extracted with ether. The residue 
obtained after removal of solvent was repeatedly crystallised from 
ether—methyl alcohol, from which dehydroergostene separated in 
plates, m. p. 71—72°, [«]#" — 15° (c = 1-29 in chloroform), insoluble 
in methyl alcohol but readily soluble in acetone and ether (Found : 
C, 87-7; H, 12-2. C,,Hy, requires C, 88-0; H, 12-0%). With 
antimony trichloride a pink coloration was obtained on standing. 
Hydrogenation with a platinum oxide catalyst .gave «-ergostene, 
m. p. 77—78°. 

«-Ergostene Oxide.—a-Ergostene (2 g.) reacted with perbenzoic 
acid as described under §-ergostenol. The product on crystallis- 
ation from ether—-methyl! alcohol and then from chloroform—methyl 
alcohol yielded pure «-ergostene oxide in irregular plates, m. p. 118— 
119° (Found: C, 83-9; H, 12-1. C,,H,,O requires C, 83-9; H, 
11-9%). A mixture with §-ergostene oxide (m. p. 122—123°) 
melted at 95—100°. The compound is very sparingly soluble in 
alcohol, but readily soluble in acetone, ether, and chloroform. On 
hydration it yielded dehydroergostene, m. p: 71—72°, which gave 
no depression in m. p. on admixture with the product obtained from 
8-ergostene oxide. 

Action of Bromine on 8-Ergostenol.—A solution of $-ergostenol 
(1 g.) in chloroform (10 c.c.), cooled to — 20°, was treated with a 
solution of bromine (0-42 g.) in chloroform (10 c.c.), added drop by 
drop and with continual shaking during 10 minutes. Towards the 
end of the addition the chloroform solution turned green. The 
solution was washed with water and dried, and the solvent removed. 
When the residue was crystallised from alcohol, dehydroergostenol; 
m. p. 139—141°, separated. 


We desire to express our thanks to Professor I. M. Heilbron, 
D.S.O., F.R.S., for his valuable advice and criticism during this 
investigation, to the Carnegie Trust for a Fellowship (A. L. M.), and 
to the Department of Scientific and Industrial Research for a grant 
(J. C. E.8.). 

Tue University, LIveRPoot. [Received, March 31st, 1932.] 
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231. The Influence of Solvents and of other Factors 
on the Rotation of Optically Active Compounds: 
Part XXIX. The Rotation—Dispersion of Cam- 
phor, Camphoroxime, isoNitrosocamphor, and Oxy- 
methylenecamphor. 


By Tuomas Stewart Parrerson, Epira F. M. Dunn (Mrs. 
Ropert C. Hamiton), CHARLES BucHANAN, and JAMES 
DALRYMPLE LovDON. 


ALTHOUGH, for more than a century, camphor has been an important 
object of study as regards its optical activity, these investigations 
have never been of the comprehensive kind which alone affords 
any hope of a successful generalisation of the relative phenomena. 
Since the rotation of a compound can, and usually does, vary with 
change of temperature, solvent, or concentration, and in all these 
cases also with change in the colour of the light used—not to mention 
the possibility, in addition, of change of pressure, which at the 
moment is too difficult to attack—it is necessary to take account 
of all these variables in any investigation likely to be of value. 
An examination of the variation of rotation with change in any one 
of these factors can only be of very limited significance, whilst the 
attempts which are made from time to time to connect casually 
selected rotation data with conceptions such as dipole moment, 
specific inductive capacity, etc., without any attempt to show that 
these phenomena vary sympathetically, are of even less value. 
We have therefore examined the rotation of camphor as regards 
its relationship to colour of light, temperature, solvent, and concen- 
tration, in the manner adopted for some other substances, notably 
ethyl tartrate, but since some real advance has now been made in 
our knowledge of the general behaviour of active compounds, the 
investigation does not require to be so extensive.* Thus, if the 
known behaviour of ethyl tartrate allows of any prediction regarding 
the behaviour of camphor, it is to be expected that, in solvents 
which confer high rotation, the rotation should diminish or else 
increase only slowly with rise of temperature, whereas in solvents 
of depressing influence the rotation should increase fairly rapidly. 
Although Biot (Compt. rend., 1852, 35, 241) seemed to find some- 
thing peculiar about the rotation-dispersion of camphor dissolved 
in alcohol and in acetic acid, he did not, as was remarked by 
Arndtsen (Ann. Chim. Phys., 1858, 54, 418), explain wherein this 


* Our experiments were commenced fully ten years ago, but have been 
much interrupted. 
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peculiarity of dispersion lay. Arndtsen himself, who examined 
the dispersion of camphor in alcoholic solution for six different 
colours of light, would almost certainly have considered the dispersion 
normal, inasmuch as the rotation of the substance increases with the 
refrangibility of the light used, as far as he could examine the 
problem; and in this he would probably have been followed, until 
recently, by most chemists. 

It has, however, been suggested (Part XXVIII; J., 1929, 2882) 
that, as tested by some of the methods then in use, the dispersion 
of certain substances such as cane sugar, tartar emetic, and others, 
appears to be what is often called “simple” merely because the 
rotation happens to be great, thus rendering the detection of 
irregularities in a dispersion curve a difficult matter, especially 
when the conception of what should be the normal form of the 
dispersion curve is a purely arbitrary assumption. This first 
point could only be settled were it possible to examine the dispersion 
much further beyond the visible spectrum than is practicable at 
present.* It may, however, at least in our opinion, also be in- 
vestigated either by lowering the high rotation of the substance 
in question by means of a depressing solvent, or by conversion of 
the substance of high rotation into derivatives having rotations 
in the neighbourhood of zero, whereupon the anomalousness—if 
any—of the dispersion curves, becomes apparent. Different 
views may be held as to the validity of this procedure, which 
involves what seem to be regarded at the present time as the 
almost absurd assumptions, that a chemical compound retains 
its individuality when in solution or when heated or cooled 
to different temperatures, and that the rotatory power of com- 
pounds of a mother substance should bear some comparatively 
simple and graded relationship to that of the mother substance 
itself. 

We first made a rough survey of our field by determining the 
rotation of camphor at approximately 5% concentration in a number 
of solvents which have been used in other investigations of this 
series.f The result is shown in the following table. 



































* In the case of camphor, however, Lowry and Gore (Proc. Roy. Soc., 1932, 
A, 135, 13) have measured the rotatory dispersion in and through an 
absorption band. 

t Landolt (Annalen, 1877, 189, 333; ‘‘ Das optische Drehungsvermégen,”’ 
1898, pp. 168, 169, §53) examined camphor in a number of solvents at different 
concentrations. The lowest value he observed was [a]p = 42-95°, which 
occurred in benzene solution of p = 24-32. By extrapolation from his results, 
it would appear that the specific rotation of homogeneous camphor, could it 
exist liquid at ordinary temperature, should be about [a]®” = + 55°. 
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Rotation of camphor in various solvents. 
Cone., Temp., ap (100 
t. 


Solvent. c. mm.). [a]p 
Quinoline .......scccccseccccccrscece 5-388 18° + 1-83° + 33-97° 
Benzaldehyde ........sscsessseeees 5-209 16 + 2°28 + 37-90 
PYFIGING § ...00ccccrcsegocceccccooess 6-107 16-5 + 1:99 + 38-21 
CHINE ass <vsind dedonssdicctes 5-236 16-5 + 2-12 + 40-49 
Nitrobenzene .......secccsceceeees 5-452 16 + 2-32 + 42-47 
Psa casavicescecsebesssecccensty 5-376 17 + 2-62 + 48-73 
Acetylene tetrabromide ......... 5-506 16 + 2:8 + 50-86 
Ethylene bromide ............+.. 5-213 16 + 2-99 + 57°37 


The data show that the rotation of camphor can be made to vary 
over a considerable range by the use of different solvents, and it is 
noticeable that here those solvents, such as quinoline, pyridine, and 
benzaldehyde, which tend greatly to enhance the rotation of ethyl 
tartrate, tend to lower that of camphor, whilst others, like acetylene 
tetrabromide and ethylene bromide, which have a marked depressing 
effect upon the rotation of ethyl tartrate, have an enhancing effect 
upon the rotation of camphor. 

Guided by the foregoing data, we then examined the rotation 
of camphor more fully, first using the homogeneous substance at 
190° for various colours of light, with the results given on p. 1722. 
Owing to the easy volatility and the high m. p. of camphor, we 
were unable accurately to determine the density of the substance, 
or to calculate values for the specific rotation. It was found, 
however, that by raising the temperature from 190° to 200°, the 
observed rotation, in the case of green light, diminished slightly, 
and this diminution would probably be more marked at higher 
temperatures. As is shown below, the rotation of camphor in the 
solvents we have examined increases with rise of temperature, 
whilst in the homogeneous substance the rotation diminishes ; 
it seems therefore highly probable that at a temperature of about 
200° the observed rotation of camphor for green light is in the 
neighbourhood of a maximum value. 

Three solutions of camphor in ethylene bromide were examined, 
the most dilute (p = 4-5) at three different temperatures. It 
appears that, for all the colours of light used, the rotation diminishes 
with increasing concentration, and that in the most dilute solution 
it increases with rise of temperature. 

In the case of quinoline (p = 4-43), the solvent at the other end 
of the series, the specific rotation (a) increases at all temperatures 
between 0° and 99-3° in passing from red to violet light, (6) increases 
for all colours of light with increase of temperature, and considerably 
more than in ethylene bromide; and, although we did not examine 
the point, it would almost certainly increase with increase of con- 
centration in this solvent. 
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Ultimately we found, in phenol, a solvent having a more marked 
depressing effect than any of the others which we had hitherto 
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examined; one, moreover, with a comparatively high b. p., so that 
experiments could be made at rather higher temperatures. In a 
solution of p = 25-85 at 19°, the specific rotation for green light is 
reduced to 23-07°; and in this solvent the rotation increases with 
increasing refrangibility of the light, as well as with increase of 
temperature and of concentration. It was possible to get a fairly 
concentrated solution in phenol, of p = 72-97, and in this case also 
the rotation increases with the refrangibility of the light and with 
the temperature. 

None of these solvents, however, produced as great an effect on 
the rotation of camphor as we had wished; none of them depresses 
it sufficiently to bring into view the region of visibly anomalous 
rotation—dispersion, and inorder toconstruct a satisfactory character- 
istic diagram, we required data lying on the negative side. We 
therefore resorted to camphoroxime, which has a considerable 
negative rotation, and we examined it in alcohol (p = 6-22) and in 
o-nitrotoluene (p = 4:38): the latter solvent produced a lower 
rotation than did alcohol, and in both cases the rotation rose fairly 
rapidly with increase in temperature for all the different colours 
of light. 

The dispersion curves for these two solutions at a temperature 
of approximately 14° are shown as graphs 9 and 8 respectively in 
Fig. 1. It is true that these dispersion curves are not identical 
with those which they intersect, representing the dispersion of 
camphor in concentrated and in slightly diluted sulphuric acid, 
but considering the difference in constitution and conditions of 
the active compounds, the similarity is fairly close. 

The data for camphoroxime in these two solvents lie completely 
on the negative side of the characteristic diagram, Fig. 2, and 
do not themselves exhibit visibly anomalous rotation dispersion. 

To complete the characteristic diagram on the positive side we 
examined also isonitrosocamphor—which is known to have a high 
rotation—at various temperatures, in alcohol and in ethylene 
bromide. In this case the rotation for all the colours of light used 
is higher in the latter solvent than in the former, whilst, in addition, 
the rotation diminishes as the temperature increases, so that the 
tendency already referred to in the case of homogeneous camphor 
is definitely realised in this derivative. The data in the case of 
isonitrosocamphor are perhaps a little less definite than in the others, 
because of the possibility of mutarotation, and, in ethylene bromide, 
the rotation of the solution did not return to its original value after 
heating to a temperature of 100°, which, however, is fairly drastic 
treatment. 

At this stage we happened on a passage by the Hon. Robert 
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Boyle (‘The Origin of Formes and Qualities,” 2nd. edn., 1667, 
Sect. II, p. 183), in which he records the interesting facts that 
camphor is easily soluble in oil of vitriol, with the production of 
a colour, and that, although its smell then entirely disappears, 
the camphor is completely reprecipitated from the solution by the 
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addition of an excess of water. This led us to examine the rotation 
of camphor dissolved in sulphuric acid, whereupon we found that, 
by this means, the rotation of camphor could be reduced even below 
that of camphoroxime dissolved either in alcohol or in o-nitrotoluene. 
We found later that Lucas (Ann. Physique, 1928, 9, 446), apparently 
without Boyle’s prompting, had already recorded some data for 
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eamphor dissolved in sulphuric acid, and that, by the action of nitric 
acid, he had succeeded in removing the impurity to which the colour 
mentioned by Boyle was evidently due. 

Our data are given on p. 1724, and are represented by the dis- 
persion curves in Fig. 1. 

It will be noticed that the dispersion curve obtained for camphor 
in our most concentrated sulphuric acid (graph 1) lies, at low 
rotations, completely on the negative side of the diagram, and 
that, as the quantity of water present increases, the shape of the 
dispersion curve gradually alters through graph 2 (8 sulphuric acid to 
1 water), graph 3 (6: 1), and graph 4 (4:1), so that, when the pro- 
portion of sulphuric acid to water is as 3 : 1 (graph 5), there occurs: 
distinct minimum in the neighbourhood of Hg, and the curve seems 
to suggest a point of inflexion in the neighbourhood of Hg,. In this 
region we obviously have visibly anomalous rotation dispersion. 
When the proportion of water is raised so as to give a ratio of sulphuric 
acid to water of 2: 1, all but one of the points on the curve pass to 
the positive side of the diagram, but the rotation for Hg,, is still 
negative. The curve cuts the axis of zero rotation at » = ca. 
6030 A.U. 

On account of the decreasing solubility of camphor as the amount 
of water is increased, the behaviour could not be followed further, 
but on the diagram is shown a dispersion-rotation curve for camphor 
in quinoline (p = 4-43), which appears to be in complete harmony 
with the others, just as if it forms one—as indeed we think it does— 
of the same family of curves. 

It is obviously not easy to examine the influence of temperature 
change on solutions of camphor in sulphuric acid, but, by working 
at low temperatures, we obtained sufficient data, recorded on p. 
1724, to show that, as was to be expected, the rotation increases 
(in an absolute sense) with rise of temperature, which is in agreement 
with the fairly general regularity mentioned on p. 1715, that when 
the rotation of any substance has a high value, it diminishes on 
heating, and vice versa. 

In Fig. 2 is shown a characteristic diagram representing some of 
the results recorded above. It is to be noticed that for camphor 
itself dissolved in phenol or in concentrated or aqueous sulphuric 
acid, for camphoroxime in o-nitrotoluene and in alcohol, and even 
for isonitrosocamphor and oxymethylenecamphor in solution, the 
experimental data lie with satisfactory regularity upon straight 
lines, from which it may be concluded that the dispersion of all 
the solutions concerned is of the same general type. Since, however, 
these lines do not meet all at one point, it may be concluded that the 
anomalousness obvious in the region of intersection persists through- 
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out the whole diagram. The points of intersection of these lines, 
taken in pairs, may all be regarded as singular points; but the one 
upon which, for the moment, attention may chiefly be focused is 
the intersection of the lines for violet and for green light. On the 
diagram these two lines intersect at a specific rotation of — 16-5°, 
and this point may be regarded as the rational zero for these two 
colours for all the compounds in question. If, by any means, 
e.g., change of solvent or of temperature, the rotation for any one of 
these compounds for green light can be made to assume the value 
— 16-5°, then the rotation for violet light will have the same value. 
With oxymethylenecamphor, where definite mutarotation occurs, 
the end values do not agree with the rest of the diagram. 

Finally, the dispersion for these two colours, violet and green, 
is constant over wide ranges, and should have the approximate 
value throughout, v/g = 2-08.* 


EXPERIMENTAL. 


The colours of light used were as follows : 


ry. Te: y: g- b. v. 
M. convicts 6716 6234 5790 5461 4916 4358 


Homogeneous camphor. The camphor used was purified by 
recrystallisation from methyl alcohol and then by sublimation. 


t, ar, (100). ar, (100). ay. dg. Qi. ay. 
190° + 37-38° 46-94° 58-54° 70-00° 99-38° 160-20° 
200 69-76 


Camphor in ethylene bromide: I, p = 44940. Densities deter- 
mined: 2-0474 at 21-8°; 2-0176 at 37-4°; 1-9531 at 70°; 1-8943 
at 99-9°. 


t. [a]n. [a]rs- [a];. [alg [a]p. [a]y- 


15° -+ 41-9° 51-12° 63-04° 76-00° 107-87° 176-00° 
33°5 42-46 52-06 64-30 77°38 110-58 179-37 
61 43-00 53-26 65-85 79°31 113-68 183-47 


II, p = 38-442. Densities determined: 1-4697 at 10-75°; 
1*4469 at 28-75°. 


20 + 40°85 49-23 60-80 73°24 103-13 170-09 


III, p= 50-219. Densities determined: 1-3325 at 145°; 
13146 at 30°. 


20 + 38-64 46-39 59-75 72-03 102-36 167:7 


It is impossible to obtain a more concentrated solution of camphor 
in ethylene bromide at ordinary temperature. 


* When the rotation for green is + 100° that for violet is + 226°; there- 
fore v/g = (16-5 + 226)/(16-5 + 100) = 2-08. 
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Camphor im quinoline, p = 4-4278. Densities determined : 
109119 at 14-75°; 1-06562 at 46-75°; 1-04287 at 75-5°; 1-02359 
at 99°. 


t. [a]r- [a]r,- [a]y. [a],- [a]o. [a]v- 
0° + 20-63° 25-57° 32-40° 40-70° 61-09° 105-28° 
14-5 22-23 27-81 35-24 43-78 65-31 112-62 
45°75 26-87 32-63 40-78 50-09 73°83 124-22 
71°5 29-31 36-36 45-61 55-54 79-12 134-5 
99-3 32-69 39-76 50-30 61-01 85-88 144-41 


Camphor in phenol: I, p = 25-846. Densities determined : 
10411 at 25-5°; 1-0213 at 49-75°; 0-99953 at 75-5°; 0-97836 at 
100°. 


t. [a}n- [a]cy- [a]y. [a], [a]. [a}y. 
19° + 10-59° —-:13-83° 18-22° 23-07° 35-94° 67-46° 
37 12-48 15-87 21-18 26-61 41-51 74-87 
71 17-65 21-87 27-19 33-85 50-29 89-67 


II, p = 37-464. Densities determined: 1-0326 at 18-75°; 
1-0231 at 30-5°. 


20°5 + 13°83 17-58 22-80 28-42 43°77 78:18 
III, p = 47-739. Densities determined: 1-0255 at 14°; 1-01315 

at 29-5°. 

20 + 15-67 21-38 27-55 34:14 50-11 89-43 
IV, »= 58-773. Densities determined: 1-0126 at 14-75°; 

1-0005 at 29-5°. 

20 + 21-97 27°22 34-42 42-59 62-85 107-6 


V, p = 72-9718. Densities determined : 0-99566 at 16°; 0-98363 
at 31-5°; 0-96089 at 60-25°; 0-94630 at 78-25°; 0-92918 at 99°. 


0 + 26-19 32-50 41-26 49-94 71-60 122-46 
17°5 27-69 34-38 43-23 52-50 75°91 126-85 
33-3 28-72 35-80 45-09 54-68 78-06 131-52 
60-6 31-18 38-24 48-11 58-21 83-76 139-56 
99-75 33°42 41-19 52-42 63-28 90-64 149-73 

140-00 36-34 44-4] 56-42 68-12 98-67 — 


Camphoroxime in alcohol, p = 6-220. Densities determined : 
0-8088 at 12-5°; 0-7972 at 26-5°; 0-7882 at 37-2°; 0-7800 at 46°; 
0-7730 at 54:5°; 0-7650 at 63°: 

6 d. [a}:,- [a]ry- [a]y- [a], [a}v. {a]v. 

0° = =0-8204 — —36-87° —42-87° —60-09° —63-45° —86-12° 

145 0-8076 —31-98° —36-34 —42:81 -—49-40 -—62-22 -—85-72 
34 0:7906 —31-01 —36-74 —43-22 —49-71 —62-55 —84-16 
54 0°7732 —30-54 —36-24 —4209 —48-72 -—61:97 —84-07 

Camphoroxime in o-nitrotoluene, p = 4:378. Densities deter- 
mined: 1-1596 at 14°; 1-1461 at 27-5°; 1-1405 at 34°; 1-1216 at 
54°; 1-1047 at 72°; 1-0890 at 88-2°. 














1724 


t, d, [a)}-,- [a] x4 [a]y. [a],- [e]>- {a}v. 
14° 1:1596 —40-14° -—48-14° —656-75° —65-13° —84-33° _ 
40 1/1350 —38-99 —47:04 —55-46 -—6440 -—81-51 — 
60-5 1:1158 —37:37 —45-42 —52-98 —61:30 —79-21 — 
785 10986 -—36-67 —44-22 —5163 —59-43 —76-08 — 
100 10784 ~—35:06 —41-:96 —49-22 -—67-44 —72-93 — 
isoNitrosocamphor in alcohol, p = 2-503. Densities determined : 
0-8015 at 14-5°; 0-7939 at 22-5°; 0-7851 at 33-5°; 0-7749 at 45-2°; 
0°7659 at 55-2°; 0-°7556 at 65-8°. 
t. d. a © [d],. [a],. [a]. [a]. 
0° 08142 +147-5° +174-8° +209-8° +245-7° +-336-2° +505-8 
13 0-8038 147-6 173-4 211-3 245-8 335-8 505-4 
28 0-7897 143-5 173-6 209-6 245-0 333-3 503-6 
39-5 0-7795 145-4 171-4 209-1 243-1 330-9 502-5 
53-5 00-7674 144-5 170-8 207-2 243-8 329-6 501-0 


isoNitrosocamphor in ethylene bromide, p = 0-9513. Densities 
determined : 2-1267 at 17-5°; 2-1048 at 32-5°; 2-0868 at 43-5°; 
2-0609 at 56°; 2-0280 at 72-5°; 1-9911 at 89-5°. 

t. d. [a]s,- [a]r,- [a]y- [a],- [a]u- [a]y- 
185° 2-1250 163-9° 189-9° 231-3° 272-8° 370-1° 576-3° 
40 20936 1416 1724 207-1 246-1 336-6 522-0 
60 20535 138-2 165-4 2029 2384 3259 507-9 
79 2-026 134-0 159-9 192-0 228-3 314-2 497-7 

100 1-965 125-4 152-2 190-5 217-3 305-9 488-9 

The rotation of the solution did not return to its original value, 
even on standing over-night. A similar result attended a repetition 
of the experiment. 

Camphor in sulphuric acid. The sulphuric acid was carefully 
distilled in an all-glass apparatus, and the higher-boiling fraction, 
d 1-844, selected for use. The camphor was purified as described 
by Lucas (Ann. Physique, 1928, 9, 446). Several solutions were 
made up in this acid, alone and diluted with water, and examined 
polarimetrically. 

Mixture, g. ag 
#f,80, H,0. H,S0,: 4,0. Gone. Temp. fel» {aly [ale [elo [aly 
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1. Puree — ry 2156 21-5° —46-84° —58-43° —68-64° —92-32° —128-9° 
2. 20-49 2-50 8:1 2-132 24 37-99 45-5 56-28 74-11 103-1 
8. 1267 2-07 6:1 2-05 20 35-6 41-95 49-75 67-32 90-72 
4. 10-19 2-5 4:1 2-086 19 20-63 24-56 27-02 82-41 40-77 
5.  *10-72, 3-75 3:1 2116 17 8-507 8-98 9-913 11-81 8-034 
6 10-03 5-03 2:1 202 16 —0-495 +099 +41:98 +4544 +417-82 


® Visibly anomalous region. 
To get some idea of the effect of temperature change on the 
rotation of sublimed camphor in sulphuric acid, we made a solution 
of p = 2-829, using a different sample of di?* = 1-8395. 


t. d. Lary: [a;. [a], 

0° 1-817 — 54-16° — 65-51° — 75-56° 
17-1 1-799 — §2-38 — 64-18 — 74-32 
32-9 1-782 — 61-90 — 62-82 — 73-40 


Decomposition occurred above 40°. The solution was orange- 
red in colour: blue and violet could not be read with any accuracy. 
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Mutarotation of oxymethylenecamphor in chloroform at 0°. 


c= 0-9815. 
Time. HOY age? te OO rae eae 
Zero +127-4° +153-5° +188-5° +229-9° +312-0° -+496-1° 
24 hrs. 74-51 94-26 110-8 133-8 182-2 277-0 


On standing for a further 24 hours and cooling to 0°, the solution 
became turbid and could not be read. 


c = 0-9725. 
Zero +1311 +1606 +1960 +232:7 +3304 +4497-4 
After 4 days 
at room temp. 63-6 69-4 84-2 101-6 142-0 205-0 
Summary. 


The rotation of camphor alone and in various organic solvents 
has been examined and found to vary from a maximum of [«]}}%;, 
+ 76° in ethylene bromide (¢ = 15°, p= 4-5) to a minimum of 
23-07° in phenol (p = 25-8). It has also been examined in con- 
centrated and diluted sulphuric acid, in the former of which the 
rotation is depressed to — 75°6° (f= 0°; p = 2-83). isoNitroso- 
camphor, camphoroxime, and oxymethylenecamphor were also 
examined. 

In general the data lie with satisfactory regularity upon the lines 
of a characteristic diagram, the greatest discrepancy occurring in 
the case of isonitrosocamphor. The rational zero for camphor, 
v/g, is — 16-5°. 

Orncanic CHEMISTRY DEPARTMENT, 

UNIVERSITY OF GLASGOW. (Received, February 26th, 1932.] 





232. The Influence of Solvents and of Other Factors 
on the Rotation of Optically Active Compounds. 
Part XXX. The Rotation—Dispersion of Various 
Derivatives of Camphor. 


By Tuomas STEWART PaTTERSON and James DaLRyMPLE Loupon. 


In continuation and extension of work described in the foregoing 
paper, we have prepared, and examined the rotation-dispersion of, 
the following compounds: Reychler’s camphorsulphonic acid; its 
methyl and ethyl esters; «-chlorocamphor; «-bromocamphor; the 
Reychler sulphonic acid derivatives from these halogenated 
camphors; the methyl and ethyl esters prepared in turn from 
these acids; the «-chloro- and «-bromo-camphorsulphonamides, and 
eamphorsulphonanhydramide, all under various conditions of tem- 
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perature, solvent, and concentration. Our purpose was to ascertain 
to what extent, if any, the substitution of new radicals and groups 
in the camphor molecule may lead to a departure in the funda- 
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mental constants of rotation from those of camphor itself, and, if 
possible, to correlate the data. 
In spite of the very large amount of work that has been done 





ROTATION OF OPTICALLY ACTIVE COMPOUNDS. PART xxx. 1727 


upon camphor, there is still some doubt, if not about the structure 
of the molecule itself, at least about the positions 10 
which substituents take up on entering it. The ~~ 3-9 
numbering and naming of the camphor molecule ss 
adopted here is as shown. The 8 position has —— 
been allocated both to 6 and to 10. Positions 8 and 9 are of 
course not identical. 

The rotation data for a solution of Reychler’s acid (camphor-10- 
sulphonic acid) in solution in water, p = 9-71, are quoted on p. 1738, 
and those for mercury green are represented by graph 3 of Fig. 1. 
The rotation increases almost linearly with increase of temperature, 
and the other data show that the corresponding curves for the 
other colours spread out rapidly, as the refrangibility of the light 
increases, in what may be regarded as a fairly normal manner. 
The data for the temperatures 11-5° and 92-1° are also shown in 
Fig. 2 as the dispersion curves 7 and 8, which are referred to 
below. 

As mentioned in the foregoing paper (p. 1720), concentrated sul- 
phuric acid as a solvent has a very marked effect in depressing the 
rotation of camphor, and therefore we investigated its action upon 
Reychler’s acid also. The results are of considerable interest and 
are shown in Fig. 2 as dispersion curves. The graphs are numbered 
to correspond to the experimental data on p. 1738. Graphs 1 and 2 
on the diagram represent the behaviour of camphor-10-sulphonic acid 
in two different samples of concentrated sulphuric acid (p = 2-05) 
and at nearly the same temperature, ca. 19°. It will be seen that 
as the refrangibility of the light diminishes, the rotations of the 
solutions rapidly rise from ca. —100° for violet light to above —38° 
for red light. The curves appear to exhibit inflexion. The addition 
of water to the solvent in the proportion of 1 part to 4 parts of 
sulphuric acid brings about a considerable change in the form of 
graph 3, in which the dispersion is visibly anomalous, since there is 
a definite minimum rotation at a wave-length of » = 5220 between 
blue and green. 

Graph 4 shows the behaviour when the solvent contains water in 
the proportion of 1 part to 3 parts of sulphuric acid. The rotation 
is now positive for violet light, but diminishes with increasing wave- 
length, and would be zero for light of about 2 = 4650. Again the 
dispersion is visibly anomalous since there is a minimum rotation 
in the neighbourhood of green, the rotation thereafter increasing 
with increase of wave-length. 

By diluting the sulphuric acid further, the curves 6 and 5 were 
obtained, whilst the rotation-dispersion in water alone is shown in 
curves 7 and 8, which represent respectively the data for the 





4 


o-oo 
— Sm 


bo GO - oO 


wewSeoaaoee 


w 








1728 PATTERSON AND LOUDON: INFLUENCE OF SOLVENTS ON THE 

















ROTATION 








TEMPERATURE 


nl | 
4,500 5,000 6,500 6,000 
dh 


p = 9-709 solution at 11-5° and at 92-1°, and have been already 
referred to. 
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This diagram, taken as a whole, appears to suggest that curves 8, 
7, and 5 would all tend to cut the axis of zero rotation, thus following 
courses similar to those actually observed for curves 6, 4, and 3; 
i.e., tending to become asymptotic to the z-axis, but on the negative 
side of it. Presumably curves 2 and 1 would do the same thing. 

It seems to us of especial significance that this diagram, if 
inverted, bears a remarkable general resemblance to the dispersion 
diagram for ethyl tartrate, in which the dispersion curves seem to 
become asymptotic to the z-axis at high wave-lengths, on the 
positive side of the axis of zero rotation. Those for camphor- 
10-sulphonic acid appear to become asymptotic to the x-axis on its 
negative side, and this suggests that, if ethyl tartrate and the other 
tartrates are to be regarded as dextro-compounds, camphor- 
10-sulphonic acid ought, perhaps, to be regarded as a levo-compound, 
since its general behaviour would seem to be the inverse of that of 
tartaric acid (see p. 1735). 

These data are plotted as a characteristic diagram (lines A,B) 
in Fig. 3, and it will be seen that they all lie in a satisfactory fashion 
upon approximately straight lines. The region of visibly anomalous 
dispersion for camphor-10-sulphonic acid lies in the region where 
the rotation for green light is between about zero and —25°. The 
lines for each pair of colours intersect at a different rotational value. 
At the moment it is not necessary to take account of each of these 
values; for purposes of later comparison the intersection of the 
violet and green may be noted. It occurs at the rotational value, 
for both colours, of —24-2°. 

We next examined under various conditions the methyl and 
ethyl esters of camphor-10-sulphonic acid (Reychler’s acid), for 
which we devised improved methods of preparation (see p. 1738). 
The results are shown below. 

* 


Rotation of methyl camphor-10-sulphonate in different solvents. 


Solvent. ; Conc.* ag. [a],- 
Benzaldehyde . 5-113 +2-71° +653-01° 
Ethyl aleohol ‘ 5-021 2-72 54-18 
Chloroform 4-928 . 56-20 
Ethylene bromide 5-157 ’ 56-23 
Nitrobenzene . 5-032 59-61 

1-030 . 70°87 


* G. per 100 c.c. of solution. 
Rotation of ethyl camphor-10-sulphonate in different solvents. 


Ethylene bromide 
Ethyl alcohol 
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—50° 0° 50° 100° 150° 200° 
A([a] — [a],). 


A = Methyl a-chlorocamphor-10-sulphonate in benzene ............ p = 2-44 
B = a-Chlorocamphor in Suntone edarcebibicascovenssngeamacehse gibi p = 687 
C = Methyl a-chlorocamphor-10-sulphonate in ethylene bromide p = 2-01 
D = a-Chlorocamphor in ethylene bromide .............s0.sseceeeeeeeees p = 319 
E = Ethyl a-bromocamphor-10-sulphonate in benzene ............ p = 239 
F = a-Bromocamphor-10-sulphonamide in pyridine .................. p = 2-90 
G = a-Bromocamphor in benzene — ...ssssecsceecesseceeseceececseceeeeees p = 6-69 
H = a-Bromocamphor in ethylene bromide _ ..............00.:e0eeeeeee p = 3-23 


The rotations of the two esters in each solvent are very similar, 
but they vary according to the nature of the solvent, as between, 
e.g., ethyl alcohol and benzene. 
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We then examined a solution of the methyl ester (p = 4-8) in 
alcohol and one of the ethyl ester in benzene (p = 3-15) over a range 
of temperature up to 60°, and for five colours of light. A sufficient 
notion of the general behaviour will be obtained from the two 
curves for mercury green shown on Fig. 1 (graphs 4 and 5, 
respectively). In each case the specific rotation diminishes slightly 
with increase of temperature; the curves are very similar, and it 
seems probable that, at lower temperatures, a maximum value for 
the rotation would occur. 

The rotation of «-chlorocamphor was examined in a similar 
fashion, the influence of a number of solvents at a single concentration 
being first ascertained. 


Rotation of «-chlorocamphor in different solvents. 


Solvent. t. Conc. dg. [alg 
Bis CORE. Joos ccnscscncccccsoccecte 20° 2-060 +1-35° -+65-52° 
CE  Wkancesvascccsissterestens 19-5 2-000 1-75 87-5 
BNE MUODIROR, * Siods.ccsesccceccseve 19-5 2-008 2-44 121-5 
Tetrachloroethane ......-..+.2+++ 20 2-062 2-67 129-5 
Ethylene bromide _............+4. 20 2-036 3-03 148-8 


There is here a very considerable variation of rotation according 
to the solvent employed. Whereas, in concentrated sulphuric acid, 
the specific rotation for mercury green is only about + 65°, it is 
raised in ethylene dibromide to 149°. Two of these solutions were 
then investigated more fully as regards the influence of temperature. 
In benzene (p = 6-9; graph 7, Fig. 1) the rotation for green light 
increases from 87-34° at 14° to 102-2° at 63-5°. In ethylene bromide 
(p = 3-2; graph 13, Fig. 1), in which the rotation is considerably 
higher than in benzene, the increase of rotation for green light on 
heating is distinctly less, the change being from -+- 146-1° at 13-5° 
to 150-9° at 89°. The curves for other colours of light show a very 
similar behaviour. Their general characteristics are what may 
now be foretold. As is the case with ethyl tartrate, when the 
rotation reaches gradually higher values the increase of rotation on 
heating becomes less. 

The rotation of the methyl and ethyl esters of «-chlorocamphor- 
10-sulphonate, prepared as described on p. 1741, were examined in 
the same way as before. 


Rotation of methyl «-chlorocamphor-10-sulphonate in different solvents. 


Solvent. t. Conc. yg. [a]g. 

PMD Sobbsebscctesiccchscosscescecs 17-5° 1-152 +0-89° +177-27° 
Ethyl alcohol  ............cs.ss000 17 1-112 1-22 109°7 
SS Seca a ens gcd s 17°5 1-104 1-25 113-2 


dseCeveecetbacs s 1-130 1-36 120-3 
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Rotation of ethyl «-chlorocamphor-10-sulphonate in different solvents. 





BED Ecoccdescdcohdetcccovbeasesces 17 1-068 +0-83 +77-71 
Ethyl alcohol  ......ccccseccescvess 18 1-008 1-11 110-2 
Ethylene bromide _.........++.+«. 17 1-084 1-32 121-7 


The rotation of both esters is influenced in very much the same 
way by these solvents, being highest in ethylene bromide and 
lowest in benzene; and whereas in benzene solution (p = 2-44; 
see data, p. 1741, and graph 6, Fig. 1) the rotation of the methy] 
ester for all colours of light examined increases slightly, in ethylene 
bromide (p = 2-007, graph 10, Fig. 1) it quite definitely diminishes 
on heating, although again not to any very great extent. 

The behaviour of the corresponding bromo-derivatives is shown 
in the table below. With close general similarity there is again a 
very considerable rise in specific rotation for mercury green, from 
113-9° as the solvent is changed from concentrated sulphuric acid 
to ethylene bromide, in which, for c = 5-05, the rotation has risen 
to 192-9°. 


Rotation of «-bromocamphor in different solvents. 


Solvent. t. Conc. ag. [a],. 
HBO, (CONC.). ..0060.00ceercerecceees 17° 2-02 +2-30° +113-9° 
EN cst ck cadens cunadtiedtiahiness 17-5 14-11 21-57 152-8 
PYM WIE Aes 17 5-138 8°35 162°5 
Bthyl aloehol . coi csssricecyseseee 16 10-09 17-12 169-3 
Tetrachloroethane ............... 17 5-062 9-15 180-7 
Ethylene bromide ............... 17 5-050 9-74 192-9 


The effects of temperature change, in this case, on a solution in 
benzene (p = 6-9; graph 14, Fig. 1) and one in ethylene bromide 
(p = 3-23; graph 15, Fig. 1) are very similar to those for the chloro- 
compound, and exhibit the same characteristics. In the benzene 
solution, in which the rotation is lower for all the different colours, 
the rotation increases more rapidly with rise in temperature than 
is the case in the ethylene bromide solution. 


Rotation of methyl «-bromocamphor-10-sulphonate in different solvents. 


Solvent. t. Conc. » {a],. 
IE nis nenidecartxineascesuiendvice 16° 1-01 +1-14° +112-9° 
Ethyl aleohol  ..,........sssseceees 17 1-178 1-65 140-1 
ee a arier- 16 1-044 1-51 141-4 


Rotation of ethyl «-bromocamphor-10-sulphonate in different solvents. 


TMROIRD asencsnsccesdaaduecoabesaenye 18 1-000 +1-13 +113-0 
Tetrachloroethane _ ..........+«++. 18 1-002 1-35 134-7 
Berne 17 1-000 1-38 138-0 
CHGPOEOETA seep Se ccc esccccc dds Cores 18 1-006 1-41 140-2 
Ethylene bromide _ ............5++ 17 1-122 1-81 161-4 


For the ethyl and the methyl ester of a-bromocamphor-10-sulphon- 
ate there is again a considerable change in rotation in passing from 
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one solvent to another, and the actual values of the rotation for 
the two esters in benzene, ethyl alcohol, and chloroform are not 
merely in the same sequence, but are numerically very close to one 
another. The 7J—R curves of the methyl ester in benzene (p = 2-62; 
graph 9, Fig. 1) and of the ethyl ester in ethylene bromide (p = 1°94; 
graph 12, Fig. 1) show the same characteristics as before—a gradual 
increase of rotation with rise of temperature in benzene, whereas in 
ethylene bromide, in which the value of the rotation is higher, the 
T-R curves are clearly very close to a maximum value, and on the 
whole the rotation tends to diminish slightly with increase of 
temperature. 

The rotation of «-chlorocamphor-10-sulphonamide also was 
éxamined in pyridine (p = 3-68). The data are given on p. 1743, 
and are represented by graph 8 of Fig. 1. The curve is evidently 
in the neighbourhood of a maximum value, and fits in very well 
between those for methyl «-chlorocamphor-10-sulphonate in 
benzene (p = 2-44; graph 6, Fig. 1) and in ethylene bromide 
(p =2-0; graph 10, Fig. 1). The rotations are higher for the 
respective colours of light than is the case for methyl «-chloro- 
camphor-10-sulphonate in benzene, and, corresponding to this, the 
increase in rotation on heating is slower. On the other hand, the 
rotation is not so high as that of methyl «-chlorocamphor-10- 
sulphonate in ethylene bromide, and again, as might be expected, 
whereas the rotation of the sulphonamide shows a maximum value 
at least for green light, the rotation of the methyl sulphonate for all 
colours of light definitely diminishes on heating. 

The «-bromosulphonamide in pyridine solution (p = 2-9; graph 
ll, Fig. 1) gave results much like those for the chloro-derivative. 
The rotation for all colours of light is higher, and, corresponding to 
this, it diminishes on heating. 

To extend the investigation to a compound of a slightly different 
type, we examined the rotation of camphorsulphonanhydramide, 
with the results shown below. 


Rotation of camphor-10-sulphonanhydramide in different solvents. 


Solvent. t. Cone. ag. [a]. 
Tetrachloroethane ............... 175° 6-116 —1-9° —37-16° 
TRREOGE: | ccndebrorpcbercaseesoreh 14 3-462 1-38 39-56 
Nitrobenzene —............cseeeesees 16-5 3-998 2-19 54-76 
Dimethylaniline .............6..4. 16-5 2-308 1-44 62-40 
Re Pars 16 4°95 3-69 74-54 


The rotations are all negative and there is a marked difference in 
their value in different solvents. Since, for the most part, however, 
the solvents used were not the same, these data are not very easily 
comparable with those for thé other compounds which we have 
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examined, but it is noticeable that the rotation is the highest (in an 
absolute sense) in tetrachloroethane, and that most of the other 
active compounds we have examined give the highest rotations in 
this solvent or ethylene bromide. 

We then examined the rotation of the compound in tetrachloro- 
ethane (p = 3:16; graph 2, Fig. 1), which gives it the highest 
rotation, and in aniline (p = 4-84; graph 1, Fig. 1), which gives it 
the lowest rotation, for various colours of light and at several 
temperatures, The most noticeable features are that in tetra- 
chloroethane the rotation, very much in accordance with what has 
been observed in other cases, increases fairly rapidly on heating, 
in such a way that the curve is convex to the point of origin of the 
diagram, and in aniline, which depresses the rotation to a greater 
extent, the rotation increases still more rapidly. 

Considering now, as a whole, the data which we have obtained, 
there appears to be here a general resemblance between the 
behaviour of camphor and that of ethyl tartrate, which we consider 
to be perhaps the most fully investigated of active compounds. 
It has been suggested in previous papers that the 7-—R curve for 
this ester, if it could be sufficiently extended, would show at least 
one maximum and two minima, these singular points being actually 
observable in special cases: the maximum in certain solvents (like 
water, nitrobenzene, benzaldehyde), which, at ordinary tem- 
peratures, raise the rotation of the dissolved ethyl tartrate; one 
of the minima in derivatives such as ethyl dibenzoyltartrate, and 
the other minimum in derivatives such as isobutyl diacetyltartrate 
or ethyl tartrate dissolved in such a solvent as quinoline. This is 
shown in the inset diagram on Fig. 2. 

From our present experiments it appears that for camphor- 
sulphonanhydramide, camphoroxime dissolved in o-nitrotoluene or 
in alcohol, or for camphor in concentrated sulphuric acid :—(1) the 
. rotations for all the various colours, as a group, lie, in an absolute 
sense, much below those for camphor in the other solvents, 
examined, ¢.g., phenol; and (2) in the former group the rotations 
for violet light are least, again in an absolute sense, and those for 
red greatest; whereas in the other solvents just the opposite is the 
case, the rotation for violet being much higher than that for red, 
the other colours lying in between in the usual order. Therefore, 
for the low-rotational group of curves, to assume, on further heating, 
the same sequence as the high-rotational group of curves, it would 
be necessary for the graph for violet to cross over the intermediate 
graphs, and so on in sequence. A similar, but opposite, behaviour 
would be necessary in order that the high-rotational group of 
curves should assume the sequence of the low-rotational group. 
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Actual instances of this crossing we have only observed with 
camphorsulphonic acid in diluted sulphuric acid (Fig. 2, graphs 3 
and 4) and with camphor (previous paper, Fig. 1, graph 5), and then 
only in the dispersion curves; but, although a little difficult, it 
would, we think, be quite possible to observe the actual inter- 
sections in 7—R curves for suitable mixtures of sulphuric acid and 
water. It would thus appear that the former set of graphs corre- 
sponds to the low-temperature part of the general curve (region yz 
of the diagram inset in Fig. 2), and the latter set of graphs to the 
high-temperature part (region ghi) of the same general curves. 

Since the T-—R curves for camphor appear to be similar to those 
for ethyl tartrate, it might seem, following the same line of argu- 
ment as was used by Clough (J., 1915, 107, 1517), that the allocation 
of d-configuration to both substances might be justified. It must 
be remembered, however, that the actual region of intersection of 
the T7—R curves for camphor has been realised by us with difficulty, 
and then only in a single solution in aqueous sulphuric acid (see 
preceding paper, p. 1721), whereas this region for ethyl tartrate may 
be easily and accurately examined. The characteristics of the 
former are therefore not so apparent, nor so easily interpreted, as 
of the latter. The dispersion curves, however, reveal a distinct 
difference, those shown in Fig. 2 being, in general, of the opposite 
character to those for ethyl tartrate : the region of visibly anomalous 
dispersion occurs for positive values of rotation in ethyl tartrate, 
but for negative values in camphor and camphorsulphonic acid. 
This naturally applies also to the region of intersection of the T—R 
curves, and of the lines on the characteristic diagram, and it seems 
therefore possible that the substance usually called d-camphor 
ought to be called /-camphor. If a criterion of this sort should prove 
really to be applicable, it may become possible to allocate two 
compounds Cabcd and Cefgh—compounds which have nothing at 
all in common as regards the groups of which they are composed— 
to the one or the other series of active substances. But the 
matter cannot be settled at present, and is, indeed, a very difficult 
one. 

Although at first sight it might perhaps be expected that 
«-chlorocamphor and «-bromocamphor ought to be of the same con- 
figuration and family as camphor itself, it is not impossible that the 
new asymmetric group produced by the introduction of the halogen 
atom may fundamentally disturb the asymmetry of the molecule; 
and that the «-chlorocamphor and the camphor from which it is 
derived may be of opposite configuration. Such a conclusion would 
be in harmony with the generalisation pointed out by Wood and 
Nicholas (J., 1928, 1671), viz., that compounds exhibiting anomalous 
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dispersion in the positive region of rotation possess deztro. 
configurations. 

It seems further possible that there may be a class of compound 
which could be allocated, in this way at least, definitely neither to 
the d- nor the /-form, the only examples known at present being, 
perhaps, the derivatives of mannitol (Patterson and Todd, J., 1929, 
2876), and bornyl benzene- and naphthalene-sulphonates, examined 
by Patterson and McAlpine (J., 1928, 2472). 

It seems at least clear that, for the camphor derivatives, there is 
@ maximum in the 7-—R curve in the high-temperature region ghi 
(inset diagram, Fig. 2); but since it is evidently much more difficult 
in the case of camphor and its derivatives than it is in the case of ethyl 
tartrate, to shift the general 7'—-R curve about, by the use of different 
solvents, nothing can be said meantime as to the likelihood of a 
low-temperature minimum corresponding to the region xy, or 4 
high-temperature minimum corresponding to the region kim, in 
the tartrates. 

The general resemblance of the curves obtained for two com- 
pounds so different in constitution as ethyl tartrate and camphor is 
striking, and it appears to us that, although the various asymmetric 
centres in the molecule of an optically active compound ‘may, 
perhaps, be regarded as contributing, each, a certain amount to the 
total rotation, it is better to consider these partial rotations as 
completely merged in one another, so that the rotation is the result 
of the asymmetry of the molecule as a whole, in much the manner 
adopted by Pasteur. This approximates to the suggestion put 
forward by one of us (J., 1901, 79, 188) that the influence of such 
factors as temperature change and solvent may be due to a deform- 
ation of the molecule, an idea which has been in abeyance merely 
because no satisfactory method of investigating it further has 
suggested itself. 

In this connexion, it is at least worthy of note that the influence 
of certain solvents upon ethyl tartrate and camphor, respectively, 
stand in inverse order; quinoline, which enhances the rotation of 
the former, depresses that of the latter; ethylene bromide, which 
depresses the rotation of ethyl tartrate, enhances that of camphor, 
but whether this relationship is definitely connected with the d- or 
l-configuration of the active molecule cannot be decided at present. 

In Fig. 3 is shown a characteristic diagram for camphor-10- 
sulphonic acid dissolved in sulphuric acid, in water, and in mixtures 
of these two solvents. The data lie in satisfactory fashion upon 
the characteristic diagram, but the lines do not meet at a single 
point and therefore the rotation dispersion of camphorsulphonic acid 
is definitely anomalous. The point of intersection of the line for 
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violet with that for green is —22-2°, and the dispersion calculated 
from this rational zero should be v/g = 1-95.* This rational zero 
for camphor-10-sulphonic acid is therefore a little different from 
that of camphor itself dissolved in sulphuric acid, a fact which we 
take to indicate that the introduction of the sulphonic group into 
the camphor molecule alters the asymmetry of the whole molecule 
in some rather fundamental fashion. 

On the same diagram are also plotted the data for methyl 
camphor-10-sulphonate in alcohol and for the corresponding ethyl 
ester in benzene. These, somewhat to our surprise, do not fit in 
with the other data. It may be noted that the data recorded on 
the diagram represent the behaviour of the two esters on the 
descending lines of a 7'—R curve (graphs 4 and 5 of Fig. 1), i.e., just 
beyond a maximum value, and it has been pointed out elsewhere 
(Proc. Roy. Soc. Edin., 1918-19, 39, 27) that the data on one side 
of a maximum value of a 7'—-R curve may possibly lie on one charac- 
teristic diagram, whilst those on the other may lie upon a different 
characteristic diagram. Nevertheless, this does not appear to us 
to cover the present case, and we content ourselves meantime by 
drawing attention to the discrepancy. 

On Fig. 3 are also shown characteristic diagrams for «-chloro- 
and «-bromo-camphor and some of their respective derivatives. It 
is clear that neither set of data falls upon the characteristic diagram 
either for camphor or for camphor-10-sulphonic acid. If, however, 
it be remembered that the introduction of chlorine or bromine in 
the «-position in the camphor molecule introduces a new asymmetric 
carbon atom, and therefore necessarily disturbs to some considerable 
extent the general asymmetry of the molecule, this will not seem 
surprising. In addition it is noticeable that the exchange of 
bromine for chlorine produces data which do not lie upon one and 
the same characteristic diagram. By extrapolation—necessarily 
somewhat inexact owing to the considerable extent through which 
it has to be carried out, since by no means could we obtain data on 
the negative side of the diagram—the point of intersection of the 
line for violet on the characteristic diagram for «-chlorocamphor 
derivatives should cut the line for green at about + 11°, and from 
this rational zero the average dispersion v/g would have a value of 
about 2-19.+ 

In a similar fashion the line for violet in the characteristic diagram 
for bromo-derivatives should intersect the line for green at a rotation 


* Thus, when the rotation for g is 25° that for v is 70°, whence v/g = 
(22-2 + 70)/(22-2 + 25) = 1-95. 
+ When the rotation for g is 150° that for v is 315°, and (315—11)/(150—11)= 
2-19. 
3L 
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value of about + 245°. The dispersion therefore for the bromo- 
compound would be about v/g = 2:30. 


EXPERIMENTAL. 


The colours of light used were as on p. 1722. 

Camphor-10-sulphonic acid in Water.—Prepared as described by 
Reychler (Bull. Soc. chim., 1898, 19, 120), the product was recrystal- 
lised twice from glacial acetic acid and then three times from ethy] 
acetate. Before measurement of its rotation, it was heated for one 
hour in an air-oven at 105—110°: prolonged heating at 110° causes 
charring. 

p = 9-709. Densities determined: 1-028 at 15-4°; 1-023 at 
31-6°; 1-018 at 43-7°; 1-007 at 63°; 0-9970 at 80°; 0-9942 at 85°. 


Rotation data. 


t. d. [a)r,- {a],. [a]g- [a]o. [a]y- 
11-5° * 1-029 +-17-62° +22-21° +27-68° +442-98° +75-44° 
33-2 1-022 19-08 24-31 30-04 45-65 79-86 
52-0 1-014 20-76 26-16 31-93 48-32 83-35 
70-0 1-004 22-25 27-57 33-86 51-17 86-76 
92-1 * 0-9892 23-82 29-74 36-18 53-75 90-97 


* These data are shown as dispersion curves in Fig. 2. 


Remarks. The density curve shows a very pronounced flattening 
at the lower temperatures—this was corroborated by a second series 
of density determinations. 

Camphor-10-sulphonic Acid in Sulphuric Acid—Water Mixtures.— 
Concentrated sulphuric acid was distilled from an all-glass distilling 
flask to remove non-volatile impurities. The first distillate, con- 
taining approx. 2 g. of water to 5 g. of acid, was employed in pre- 
paring solution 6 (see table). A more concentrated and higher- 
boiling fraction was employed for solution 2, whilst for solutions 1, 
3, 4, and 5 the main bulk of the higher-boiling fractions was 
employed. The density of this third sample was dji* 1-84288, 
which indicates the presence of dissolved trioxide. 


Solvent. Oonc., 


a, g,/100 €.€. 
H,S0,,g. H,0,g. soln. t.  [alrs. [aly alg. [aly [aly 
a os me 2-052 19° —88-97° —49-2° —59-44° —70+17° —94°62" 
(2) (Cone. H,SO,) 2-052 18-8 —37-06 —46-29 —55-07 —65-79 —86-74 
(3) += 197995 48176 2-057 196 —14-45 —16-87 —18-79 —19-28 —1630 


cae 44-2452 15-0878 2-054 18-7 —6327 —6-814 —7-303 —438 +6-566 


(5) 19-7163 9-9753 2059 — 145 +0-9714 +1-942 +3-4 +10-69 +26-93 
(6) Aqueous distillate 8-637¢ 1-552 0 —1-:771 —1-181 0-2952 5-903 22-14 
pa 1-537 18 +0-2982 +1-49 +2683 +8-050 +25-34 


* Visibly anomalous region. ¢ G. per 100 g. of solution. 
The solutions were all colourless, but in the temperature—rotation 
experiment (6) decomposition set in above 30°. 
Preparation of the Methyl and Ethyl Esters of Camphor-10-sulphoni¢ 
Acid.—Our early attempts to prepare these esters according # 
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Edminson and Hilditch (J., 1910, 97, 223) by heating the theoretical 
quantity of sulphony] chloride with the sodium alkyloxides dissolved 
in excess of the corresponding alcohol, were completely unsuccessful ; 
other processes were therefore tried, ¢.g., (a) heating together the 
acid chloride and the alcohol, either alone or in the presence of 
benzene or of pyridine, (6) the silver salt method, (c) the Fischer— 
Speier method, or (d) the continuous esterification method of 
Frankland and Aston (J., 1901, 79, 517). 

These methods also were all more or less unsuccessful, chiefly 
owing to the fact that the ester first formed reacted very readily, 
either with the sodium alkyloxide or with the alcohol, to produce 
an ether (see Ferns and Lapworth, J., 1912, 101, 273), or that the 
sulphonyl chloride was hydrolysed to reproduce the sulphonic acid 
(see Krafft and Roos, Ber., 1892, 25, 2257; Boyle, J., 1909, 95, 
1683; 1910, 97, 211). Ultimately, we succeeded completely by 
using a modification of the Schotten-Baumann reaction originally 
suggested by Boyle (J., 1909, 95, 1683), and also used by Foldi 
(Ber., 1920, 53, 1836), the latter of whom acted upon molecular 
proportions of benzene- and substituted benzene-sulphonyl chlorides 
with 20—30% aqueous caustic potash solution at 0°. A similar 
reaction was used by Izmailski and Razenov (Abs., 1923, i, 770); 
whilst in the following year Hahn and Walter (Ber., 1921, 54, 1531) 
used solid powdered caustic potash at low temperatures instead of 
the solution, a method adopted and extended by Gilman and 
Beaber (J. Amer. Chem. Soc., 1925, 47, 518). 

We found ultimately that a low temperature was essential to the 
success of the preparation, and also that there was no necessity to 
have sufficient alcohol present to bring the sulphonyl chloride into 
complete solution—this, in fact, lowered the yield—a suspension of 
the acid chloride in the alcohol being quite satisfactory; and that, 
for the completion of the reaction, the addition of 2 mols. of caustic 
alkali was necessary. 

The general process for all the sulphonic esters described in this 
paper is thus as follows. The sulphonyl chloride was dissolved by 
heating in the requisite alcohol (15 c.c. per 10 g. of acid chloride). 
The solution was then quickly cooled, in order to deposit the 
sulphonyl chloride in the required finely divided form, surrounded 
by a freezing mixture, and 2 equivs. of powdered caustic soda were 
slowly added, in small quantities, with vigorous stirring, the tem- 
perature being kept well below 10°. When the addition was 
complete, the mixture was kept for 4 hour, more alcohol being 
added, if necessary, to preserve fluidity, after which, excess of water 
was added to the reaction product. The oil obtained, which, on 
stixring, immediately solidified, was filtered off at the pump and 
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washed. By this method the methyl esters were obtained in 90% 
yields, and the ethyl esters in 70—85% yields of almost pure 
material. 

After some experience with these substances we were able to 
obtain poor yields of the esters by the method of Edminson and 
Hilditch, if the solutions of the reagents were concentrated, and if 
heat was only applied for a very short time before pouring into 
water. 

Methyl camphor-10-sulphonate. From camphor-10-sulphonic acid 
(Reychler, loc. cit.), the acid chloride was prepared in 90% yield by 
heating with 1 equiv. of thionyl chloride on the water-bath and 
under a reflux condenser till the reaction ceased (Reychler, by use 
of phosphorus pentachloride, obtained 65% yields, loc. cit.). 

Methyl camphor-10-sulphonate, obtained as described above in 
85—90%, yield, was recrystallised twice from methyl alcohol, and 
then had constant rotation [«]®* (¢ = 5-021 in absolute alcohol) 
= + 54:18° and m.p.61°. A mixed m. p. with a specimen obtained 
by the method of Edminson and Hilditch showed no depression. 

Ethyl camphor-10-sulphonate was obtained in a similar fashion 
in 70% yield. Recrystallised five times from methyl alcohol, it 
showed a constant rotation of [«}’* (c = 5-00 in absolute alcohol) 
== + 53-00° and m. p. 46°. 

Methyl camphor-10-sulphonate in ethyl alcohol, p = 4-793. Den- 
sities determined: 0-8124 at 10-5°; 0-7996 at 26-4°; 0-7854 at 
43-0°; 0-7686 at 62°. 

te d. [a}.,- [a],. [a],- [a}y. fale: 
0° 0-8206 +-38-30° +46-57° +65451° +76-28° +118-2° 


13 0-8104 37-66 46-5 53-74 75°63 116-9 
32-5 0-7945 36-93 44-81 53-51 74-67 116-1 
42 0-7862 36-32 44-79 53-08 74°15 116-6 
58°5 0-7717 36-16 44-42 52-88 74-01 116-2 


Remarks. Since the above values did not lie on the straight lines 
of the characteristic diagram for camphor-10-sulphonic acid, a 
second temperature—rotation investigation was undertaken using a 
specimen of the ester which had been repeatedly recrystallised. 
The results clearly indicated that there is no inaccuracy in the 
above set of figures, since the new values obtained were in close 
agreement and fell on the same region of the characteristic diagram. 

Ethyl camphor-10-sulphonate in benzene, p = 3-148. The densities 
were determined at the same temperature as the polarimetric read- 
ings, the polarimeter bath being used. 


t. d. [a];,- [a]y. [a], [a]p. [a}y- 
10° 0-8945 +45°51° +5461° +63-71° 4+486-80° +131-4° 
32-2 0-8714 44-21 “53-10 62-44 85°45 129-6 
50-2 08525 43-79 52-64 61-72 84-55 128-3 


61 0-8418 43°17 52:13 61-09 83-97 127°4 
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ester, 25 c.c. of absolute alcohol being used (yield 85%), was crystal- 
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A check was made here in the same way as with the methy] ester. 
a-Chlorocamphor—This was prepared following Kipping and 
Pope’s modification (J., 1893, 63, 593) of Cazeneuve’s method, and 
was crystallised four times from benzene. 


a-Chlorocamphor in benzene, p = 6-873. 


t. d. [a]r,- [a]y- [ae [a]o- [a]y- 
14° 0-8964 +62°59° +74-76° -+87-34° +118-1° +178-3° 
27-8 0-8824 65-63 78-72 91-81 124-7 188-4 
42 0-8672 69-52 82-41 96-36 130-1 197-9 
63°5 0-8443 72-59 87-34 102-2 139-5 211-6 


a-Chlorocamphor in ethylene dibromide, p = 3-193. 
13-5 2-124 + 103-9 + 124-4 +146-1 + 200-3 +-304-5 


29-8 2-093 104-7 125-3 147-3 202-1 307°8 
54-4 2-044 104-9 126-9 148-9 204-3 311-6 
68-8 2-015 105-7 127-5 149-7 205-0 313-9 
89-0 1-974 106-4 128-6 150-9 206-9 317-0 


a-Chlorocamphor-10-sulphonyl Chloride—The sulphonation of 
z-chlorocamphor was carried out as described by Armstrong and 
Lowry (J., 1902, 81, 1451) except that the product was isolated as 
the barium salt, which was then converted into the sodium salt by 
means of a solution of sodium sulphate. Equivalent amounts of 
the sodium salt and phosphorus pentachloride were shaken together, 
and the «-chlorocamphor-10-sulphonyl chloride was isolated by 
stirring the product into crushed ice. Recrystallised from ether, it 
had the properties recorded in the literature, m. p. 65°. 

Methyl «-chlorocamphor-10-sulphonate was prepared from 10 g. of 
a-chlorocamphor-10-sulphonyl chloride, 3 g. of powdered sodium 
hydroxide, and 20 c.c. of methyl alcohol; yield over 90%. The 
compound was purified by three crystallisations from spirit, m. p. 
61:5° (Found, by Stepanow’s method: Cl, 12-87. C,,H,,0,CIS 
requires Cl, 12-66%). 


Methyl «-chlorocamphor-10-sulphonate in benzene, p = 2-438. 


t. d. [a]r,- [a]y. [a],. [a]u. {a]y- 
12-5° 0-8925 +52-29° +63-:20° +72-97° 4+97-38° 4+141-4° 
33°5 0-8708 53-89 64-77 74°78 101-0 148-4 
50-5 0-8529 55-91 66-41 76-65 104-6 154°8 
66 0-8375 57-24 67°97 78°66 107-7 161-4 


Methyl «-chlorocamphor-10-sulphonate in ethylene bromide, p = 2-007. 
32-5 2-125 + 83-22 +99:77 +116-6 + 157-9 -+-235°9 


44 2-101 82-56 99-61 116-2 156-7 235-6 
59-5 2-070 82-26 98-81 115-3 156-1 234-7 
76-5 2-035 81-87 98-37 115-0 156-1 234-4 
88-8 2-009 81-37 98-11 114-5 155-6 234-2 


Ethyl «-chlorocamphor-10-sulphonate, prepared as for the methyl 
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lised five times from spirit (seeding with crude material being at 
first necessary); m. p. 56° (Found, by Stepanow’s method: Cl, 


Ethyl «-chlorocamphor-10-sulphonate in benzene, p = 2-425. 


t. d. [a]ry- {a],- [a]. [a]. {a]y- 
11° 0-8932 +51-07° +61-16° +70-98° +94-06° +137-4° 
33 0-8708 52-98 64-22 73-98 98-24 144-7 
49 0-8541 54°31 66-37 76-03 102-0 150-9 
65-1 0-8376 55-69 68-00 77:82 104°6 156-6 


«-Bromocamphor.—Prepared as described by Kipping and Pope 
(loc. cit.), the compound was purified by two crystallisations from 
toluene, followed by recrystallisation from benzene; when dried in 
an air-bath at 50°, it had m. p. 56°. 


a-Bromocamphor in benzene, p = 6-688. 


t. d, [a]rg: [a]y. [a]. [a]p- [a]y- 
15° 0-9035 +105-1° +-126-0° +147-7° +-200-9° -+301-8° 
28-7 0-8896 107-3 128-8 151-0 205-0 309-4 
45 0-8720 109-6 131-8 154-6 210-1 317-9 
61-8 0-8537 111-9 134-8 158-1 215-1 326-9 


a-Bromocamphor in ethylene dibromide, p = 3-226. 


16 2-144 4135-2 +1627 +1911 +2616 +4065 
325. 2-110 136-0 163-9 192-2 264-2 410°1 
45 2-084 137-2 164-0 193-0 265-6 412-2 
595 =—-2-055 137-5 164-3 194-0 266-9 414-6 
843 2-004 137-8 165-7 195-1 268-1 4184 


«-Bromocamphor-10-sulphonyl Chloride.—This was prepared, from 
a-bromocamphor, in a manner similar to that described for the 
«-chloro-compound ; m. p. 60°. 

Methyl «-Bromocamphor-10-sulphonate.—This ester was prepared 
in 80% yield from 10 g. of the acid chloride, 2 g. of powdered sodium 
hydroxide, and 20 c.c. of methyl alcohol, and was purified by three 
crystallisations from methyl alcohol; m. p. 64° [Found (Carius) : 
Br, 24-8. C,,H,,0,BrS requires Br, 24-6%]. 


Methyl «-bromocamphor-10-sulphonate in benzene, p = 2-62. 





t. d. [a]r,- [a],- [a],- [a]. [aly- 
11° 0-8970 -+79°52° +94-95° +111-2° +149-7° +222-1° 
30 0-8770 81-06 96-83 113-4 152-9 227-2 
46-5 0-8594 82-45 98-26 116-2 155-2 232-4 
59 0-8457 83-22 98-74 116-8 156-9 235-8 


Ethyl «-Bromocamphor-10-sulphonate.—Prepared as for the methyl 
ester, but by using 15 c.c. of absolute alcohol, this ester was obtained 
in 75% yield, and after three crystallisations from methylated spirit, 
had constant rotation and m. p. 61° [Found (Carius): Br, 23-64. 
C4,H,0,BrS requires Br, 23-57%]. 
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Ethyl «-bromocamphor-10-sulphonate in benzene, p = 2-386. 


t. d. [ar [a]y. [a], [a]o. [a]. 
11° 0-8952 +79°58° +94-77° +110:3° +148-6° +220-3° 
26-6 0-8790 80-74 96-51 111-7 151-0 224-1 
40-8 0-8644 81-81 97-36 113-3 153-6 228-4 
63 0-8418 83-70 99-86 116-1 1571 234-3 


Ethyl «-bromocamphor-10-sulphonate in ethylene bromide, p = 1-939. 


10 2-176 + 103-7 +-125-0 -+-145-9 +197-0 +-295-6 
28-5 2-140 102-8 1241 145-0 196-2 295-4 
48 2-100 102-7 123-4 144-7 196-4 294:8 
68 2-059 102-3 123-2 144-3 195-8 295-2 
85 2-024 102-5 123-0 144-2 195-8 294-8 


a-Chlorocamphor-10-sulphonamide was prepared according to 
Armstrong and Lowry (J., 1902, 81, 1451) and erystallised four 
times from spirit; m. p, 144° (lit., 141°). 


Rotation in pyridine, p = 3-682. 


t. d. [a]r [a]y- [a],- [a]o. [a]y- 
10° 1-003 +69-68° +83-05° -+96-:23° +128-7° -+187-9° 
29-5 0-9856 70-09 83-35 96-79 128-8 189-8 
47-7 0-9674 70-20 83-70 97-21 130-0 191-3 
68-5 0-9464 70°13 83-20 96-85 130-2 192-1 


The solution showed signs of slight decomposition. 

«-Bromocamphor-10-sulphonamide in pyridine, p = 2-898. Pre- 
pared as described by Armstrong and Lowry (loc, cit.), the compound 
was crystallised four times from methylated spirits. Its sparing 
solubility prevented its examination in other solvents. 


t. d. [a]rs- [a],- [a],. [a]o. [aly- 
13-5° = 09913 98-56° 118-1° 137-7° 185-1° 273-9° 
33-5 0-9809 97°18 116-8 136-1 183-4 271-7 
49 0-9656 96-49 116-3 136-0 182-5 271-8 
81 0-9322 95-57 114-8 134-0 182-1 271-4 


Camphorsulphonanhydramide.—The compound was prepared by 
the method of Armstrong and Lowry (loc. cit.), crystallised four 
times from glacial acetic acid, washed with water, and dried in the 
air-oven. 

Camphorsulphonanhydramide in tetrachloroethane, p = 3-162, Den- 
sities determined: 1-606 at 5-5°; 1-578 at 24°; 1-555 at 40°; 
1-524 at 61-8°; 1-485 at 86-5°. 


t. d. [ale [aly. [a],- [ao [a]. 

0° 1614  —29-76° —34-17° —38-58° —47-15° —659-64° 
11-5 1-597 29-09 33-91 37-75 46-06 67-18 
31-5 1-567 28-01 32-04 36-21 44-78 55-26 
46 1-546 27-36 31-31 35-16 43-6 53-83 
63-1 1-522 26-88 30-91 34-54 42-21 51-69 


33-06 39-97 49-04 


Densities 


87-5 1-483 26°12 29-72 














Camphorsulphonanhydramide in aniline, p = 4-839. 
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determined : 1-037 at 12°; 1-023 at 29°; 1-010 at 44°; 0-9931 at 
64-4°; 0-9790 at 81-1°. 


0 1-047 — 60-33 — 69-33 — 79-09 —99-56 —131-7 
14-7 1-035 55-93 65-40 74-64 94-86 125°1 
38-5 1-015 52-30 60-09 68-87 87-58 115-7 
54-4 1-001 50-20 58-46 66-73 83-51 110-8 
67-8 0-9901 48-15 56-76 64-33 78-87 105-4 
84-2 0-9767 46-43 54-50 61-77 76°72 100 

Summary. 


The strongly depressing solvent action of concentrated sulphuric 
acid upon the optical rotation of camphor (previous paper) has been 
found to operate also in a number of camphor derivatives. In par- 
ticular, camphor-10-sulphonic acid has been shown to exhibit neg- 
ative rotation in this solvent, whilst in aqueous sulphuric acid 
solutions the visibly anomalous region of rotation for the compound 
has been realised. 

A satisfactory method for the esterification of camphor-10- 
sulphonic acid, and its «-chloro- and «-bromo-derivatives, has been 
described, the methyl and ethyl esters being isolated in each case. 

The rotations of these esters and the corresponding amides—with 
the exception of camphor-10-sulphonamide, for which the anhydr- 
amide has been substituted—together with the rotations of «-chloro- 
and «-bromo-camphor have been examined under different con- 
ditions of solvent and temperature, and the data discussed with 
reference to the characteristic diagram. 

The rational zero, v/g, for camphor-10-sulphonic acid is —22-2°,7.e., 
not quite the same as that of camphor, but not far removed from it. 

The data for the esters do not appear to lie on the same charac- 
teristic diagram as that for camphor-10-sulphonic acid. 

The rational zeros, v/g, for the «-chloro- and «-bromo-derivatives 
are approximately + 11° and + 24-5° respectively. 

By comparison with the behaviour of ethyl tartrate (as a typical 
d-compound), the results seem to show that, like camphor, camphor- 
10-sulphonic acid ought, perhaps, to be regarded as possessing a 
levo-configuration. The «-halogenated camphor derivatives, on 
the other hand, are possibly to be classed with compounds of dextro- 
rotatory configuration. 





The authors’ thanks are due to the Carnegie Trustees for the 
Universities of Scotland for grants defraying much of the cost of this 
and the preceding investigation, whilst one of them (J. D. L.) 
desires further to express his indebtedness for a scholarship which 
enabled him to take part in both researches. 
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233. The Interaction of Phenylmagnesium Bromide 
with 1-Chloropiperidine and Other N-Chloro- 
compounds. 


By RaymMonp James Woop Lz Fivre. 


Stvce Coleman and Hauser (J. Amer. Chem. Soc., 1928, 50, 1193) 
have found that a variety of Grignard reagents (including phenyl- 
magnesium bromide) react under the usual conditions with mono- 
chioroamine at 0° to give 80—90% yields of the corresponding 
primary amine, the reaction between 1-chloropiperidine and phenyl- 
magnesium bromide (this vol., p. 1378) has been re-examined. 
No 1-phenylpiperidine was obtained, the two main products being 
benzene and chlorobenzene ; piperidine was isolated from the aqueous 
solution : 


C,H,,NCl + PhMgBr —> PhCl + C,H, )N-MgBr ——> 
C,H,,N + MgBr-OH 
PhMgBr + H,O —> C,H, -+ MgBrOH 


Dimethyl- and diethyl-chloroamines react in the same sense with 
phenylmagnesium bromide, chlorobenzene and the secondary base 
being formed to a large extent, but no dialkylaniline. (Diethyliodo- 
amine is stated by Buylla, Chem. Abstr., 1911, 3802, to be without 
action on ethylmagnesium bromide.) Similarly from chloramine-T 
(and dichloramine-T) and phenylmagnesium bromide solutions, 
chlorobenzene has been isolated. Chlorobenzene has also been 
identified as an overlooked product of the reaction between phenyl- 
magnesium bromide or iodide and nitrogen trichloride in benzene 
solution described by Strecker (Ber., 1910, 43, 1131): 


3PhMgBr + NCI, —> 3PhCl + NH, + 3MgBr-OH 


It has been found that, in addition to aniline (Coleman and Hauser, 
loc. cit.), an appreciable quantity of chlorobenzene is formed in the 
reaction between monochloroamine and phenylmagnesium bromide. 

It is therefore evident that chlorobenzene is generally formed 
during reactions between V-chloro-compounds and phenylmagnesium 
bromide—these thus being another series of interactions where & 
“positive ”’ chlorine effect is important. 


EXPERIMENTAL. 
Reaction of Phenylmagnesium Bromide with N-Chloro-compounds. 
—The Grignard solution was prepared from equivalent quantities of 
bromobenzene and magnesium in ether and cooled to 0° and an 


ethereal solution of the chloro-compound was run in slowly. If 
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the reaction was vigorous the mixture was kept for 12 hours, in 
other cases it was refluxed for }—2} hours, before being cooled and 
decomposed with ammonium chloride solution. The ethereal layer 
was then dried and fractionated. The chlorobenzene produced 
was in each case identified by conversion into 2 : 4-dinitrochloro- 
benzene, m. p. and mixed m. p. 52°. 

(1) With 1-chloropiperidine. The reaction between the Grignard 
solution (bromobenzene, 62 g.; ether, 300 c.c.) and 1-chloropiperidine 
(42 c.c. in 80 c.c. of ether) was very vigorous. Piperidine was 
obtained from the basified aqueous sludge by steam distillation and 
identified as the hydrochloride, m. p. 237°, and p-toluenesulphonyl 
derivative, m. p. 101—102°. The ethereal solution gave the follow- 
ing fractions: (a) 8 g., b. p. 79—81°, identified as benzene by b. p. 
and nitration to m-dinitrobenzene; (b) 9 g., b. p. 127—128°; (c) 
12 g., b. p. 128—131°; (d) 1-5 g., b. p. 1832—200°, not examined; 
(e) 2-5 g., b. p. 200—250°, m. p. (after washing with warm dilute 
sulphuric acid) 68—69°, raised slightly by admixture with diphenyl, 
m. p. 70°; (f) a residue, 2-5—3 g., having a diphenyl-like odour, b. p. 
above 250°. 

Fractions (b) and (c) were united, washed with 4N-sulphuric acid, 
and dried over calcium chloride; the whole then distilled between 
130° and 132° (chlorobenzene has b. p. 131—132°). 

(2) With dimethyl- and diethyl-chloroamines. The Grignard 
solution (bromobenzene, 16 g.) reacted less vigorously with each of 
these chloroamines (9 c.c. and 12 c.c., respectively, in 100 c.c. of 
ether) than with 1-chloropiperidine. Chlorobenzene (3-5 g. and 
5-2 g.) was isolated. 

(3) With chloramine-T. There was no marked reaction between 
powdered chloramine-T (20 g., a trihydrate) and the Grignard 
solution (bromobenzene, 63 g.) at 0°, so the mixture was refluxed 
for 2} hours. The ethereal layer afforded (a) benzene; (b) 12 g., 
b. p. 120—140°, refractionation of which gave chlorobenzene (8 g.), 
b. p. 130—132°; (c) a fraction, b. p. 200—250°, having the odour of 
thio-p-cresol, which was not examined ; (d) much carbonised residue. 

(4) With dichloramine-T. The reaction between dichloramine-T 
(28 g. in ca. 300 c.c. of ether) and the Grignard solution (bromo- 
benzene, 20 g.; ether, 150 c.c.) was very violent, addition of each 
drop producing a hissing sound. Distillation of the ethereal 
solution gave chlorobenzene (about 0-5 c.c.), b. p. about 130°, but 
much charring and decomposition occurred and no other product 
was recognised. 

(5) With nitrogen trichloride. Nitrogen trichloride in benzene 
solution (Hentschel, Ber., 1897, 30, 1792) did not react vigorously 
with a dilute ethereal solution of phenylmagnesium bromide (4 
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in 


equivs.); the ethereal layer afforded only benzene and chlorobenzene, 










































ad b. p. 130—131°. 
= (6) With monochloramine. The reaction was performed as 
od described by Coleman and Hauser (loc. cit.), three times their quanti- 
O- ties being used; about 8 g. of chlorobenzene were obtained: from 
the ethereal layer. 
i THe Ratrs Forster LABORATORIES OF ORGANIC CHEMISTRY, 
- University Cottzecze, Lonpon. [Received, March 24th, 1932.]} 
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We 234. The Thermal Combination of Ethylene and 
P- Bromine at Glass Surfaces. Part I. General 
= Kinetics of the Reaction at 16°. 
te By Gwyn WILLIAMS. 
|, In the course of some unpublished work upon the thermal inter- 
P. action of bromine and vinyl bromide vapours at a glass surface, it 
has been observed that the rate of reaction decreases with rise of 
d, temperature. The kinetics of this reaction are complicated (at 
= ordinary temperatures) by the fact that the reaction product 
separates out upon the walls of the containing vessel as a liquid 
rd fim, through which the reactants have to pass in order to reach 
of the catalysing glass; and it seemed possible that the temperature 
of effect might be due to a diminution in the solubility of the reactants 
id in the product with rising temperature. It was thought that this 
possibility might be tested by a comparison with the bromine- 
mn ethylene reaction, in which the formation of a liquid film of reaction 
d product can be avoided. The latter has been shown previously to 
d be @ surface reaction at 0° (Stewart and Edlund, J. Amer. Chem. 
"9 Soc., 1923, 45, 1014), proceeding at’a rate which varies with the 
; polar nature of the surface (Norrish, J., 1923, 123, 3006). In both 
of investigations the reaction was made to take place in the presence 
8 of large amounts of air and, under these conditions, the process 
r was found to be of the second order. The rate was increased: by 
“a the presence of moisture. It has generally been supposed (compare, 
. eg., Schwab, “ Die Katalyse,” Berlin, 1931, p. 159) that bromine 
ul and ethylene are both adsorbed to a slight extent on the walls, 
it where they interact in a simple bimolecular surface reaction. How- 
t ever, no data have been recorded for the temperature coefficient of 
the bromine-ethylene reaction and the kinetics have hitherto been 
2 investigated only over a rather restricted pressure range. 
: New experiments have therefore been performed over extended 





pressure, temperature, and surface conditions, and Part I describes 
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the kinetics at ordinary temperatures and at pressures low enough 
to ensure that no part of the product condenses as a liquid during 
the reaction. It may be stated at once that the rate of reaction 
decreases with rising temperature and that the simple theory 
mentioned above does not account for all the facts. Part II 
(following paper) is concerned with the part played by water in 
the bromine-ethylene reaction; the effects of (a) higher temper- 
atures, and (b) the separation of a liquid film will be dealt with 
later. 
EXPERIMENTAL. 


Materials.—Bromine. Kahlbaum’s bromine “ for analysis ” was 
shaken with dilute potassium hydroxide solution (Scott, J., 1913, 
103, 847), separated from the aqueous layer, and dried by standing 
for 3 days with phosphoric oxide. It was then distilled, and the 
middle fraction was again distilled, once from potassium bromide 
and twice from phosphoric oxide, pure Kahlbaum materials being 
used in all cases. The product was finally collected in the bromine 
store tube of the apparatus, where the vapour was in permanent 
contact with phosphoric oxide. Finally, the bromine was repeatedly 
frozen with liquid air and pumped out with a Hyvac pump until 
permanent gas could no longer be detected, its pressure then being 
less than 10-* mm. (compare Smits and Swart, J., 1929, 2724, for a 
discussion of the effectiveness of this procedure for removing 
permanent gas). 

Ethylene. This was prepared by the action of redistilled ethylene 
dibromide upon zinc dust in alcoholic suspension (Moser, “ Die 
Reindarstellung von Gasen,” Stuttgart, 1920) and freed from alcohol 
vapour and any traces of halogens by passage through potassium 
hydroxide solution and a tube cooled in carbon dioxide snow. The 
gas was collected over water in an aspirator, whence it was drawn 
as required and further purified as follows. After passage over 
calcium chloride and phosphoric oxide, it was frozen by a liquid- 
air bath and pumped free of admixed permanent gases. It was 
then melted and the liquid twice fractionated, the middle portion 
being taken each time. The final fraction was evaporated through 
a phosphoric oxide tube into a bulb H (Fig. 1) of 200 c.c. capacity, 
in which it was stored at a pressure of about 550 mm. From this 
bulb the gas passed directly into the reaction vessel. 

Methods of Measurement.—The rate of reaction was determined 
by following the change in pressure in a mixture of ethylene and 
bromine vapour by means of a glass Bourdon gauge. The latter 
was generally used as a null instrument, the pressure of the reaction 
mixture inside the membrane being balanced against a measured 
air pressure in the gauge envelope, controlled by admitting sit 
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through tap L (Fig. 1) or removing air with the pump through 
tap M. The needle of the Bourdon gauge was read through a 
telescope having a scale in the eye-piece, and the pressure of air in 
the gauge envelope was measured to 0-01 mm. on a mercury mano- 
meter. With most of the gauges, the order of accuracy in reading 
the position of the needle was the same as that in reading the 
mercury manometer. For work at low pressures (1—2 mm.) a more 
sensitive gauge was calibrated for use as an absolute measuring 
instrument; this gave a deflexion of about 30 scale divisions in the 


eye piece to 1 mm. pressure change. 
L MANOMETER, 
L 
vst ; é <; Son 


TRAP AND 
PUMPS 
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The reaction vessel was a glass bulb A of about 150—200 c.c. 
capacity connected to the inside of the gauge membrane. At the 
commencement of a series of runs the reaction bulb was cleaned 
with alcohol, chromic acid, and distilled water, and then steamed 
and dried, after which it was either sealed on or attached by a 
ground-glass joint. Before each run the apparatus was evacuated 
to less than 10-* mm. by means of a Hyvac pump, protected from 
corrosive vapours by a liquid-air trap. For certain experiments an 
initial pressure of less than 10° mm. was attained with a diffusion 
pump. The pressures during the initial pumping operations were 
measured on a McLeod gauge. 

When the apparatus had been evacuated, the pumps were shut off 
from the reaction system and the tap connecting the two sides of 
the gauge membrane was closed. Dry bromine vapour was admitted 
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through a hollow-barrel tap U and its pressure in the reaction bulb 
measured. Ethylene was let in from the store bulb H, its initial 
pressure in the reaction system being calculated from the pressure 
change indicated by the manometer attached to H, which was read 
with a cathetometer, and the previously determined ratio of the 
volume of the ethylene store system to that of the reaction system. 
A high pressure of gas was kept in H and back-diffusion of bromine 
at the moment of entry of ethylene from H was imperceptible. 
The time of admission of the second reactant was noted, and the 
change of pressure in the reaction system was followed by with- 
drawing air from the gauge envelope. so as to deflect the needle, 
observing the time at which it crossed the zero mark, and measuring 
the corresponding air pressures in the envelope. 

Since the reaction is slightly photosensitive, precautions were 
taken to exclude light. The whole of the reaction system—bulb 
and gauge—and also the ethylene store bulb were contained in a 
water thermostat with electrical stirring. All taps were lubricated 
with low-vapour-pressure grease supplied by Messrs. Metropolitan 
Vickers and subsequently sold as Shell “ Apiezon” grease. This 
proved to be sufficiently stable to bromine. A test of the stability 
of bromine vapour in the apparatus showed a pressure fall of 0-02 
mm. in 150 mins. on a total bromine pressure of 8 mm. 


Discussion of Results. 


Course of the Reaction.—Throughout these experiments, pressures 
are expressed in mm. of mercury and time in minutes. 

Let p, be the total initial pressure in the reaction system, p the 
pressure at time ¢, x the pressure of either reactant used up at 
time t, and P the vapour pressure of ethylene dibromide. Then, 
if the reaction follows the equation 


C,H,+ Br, =C,H,Br, . . . . . (i) 
we have 2 = Py — pif po — p is less than P, 
or x = (py — p + P)/2 if py — p is greater than P, 
The vapour pressure P (in mm.) of ethylene dibromide at absolute 


temperature 7° is given by the following equation over the range 
10—150° C (“ International Critical Tables,” Vol. III, p. 216) : 


logyy P = — 0-05223 x 38,082/7'+ 7:792. . . (2) 


whence P = 8-13 mm. at 16°C. Consequently it is necessary at this 
temperature to keep the pressure of one reactant at 8 mm. or less 
in order to avoid the separation of liquid ethylene dibromide. 

The validity of equation (1) can be tested by observing the total 
fall in pressure when reaction is complete. Table I gives some 





. 
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results for the end-point of the reaction with various initial pro- 
portions of ethylene and bromine. 

The results of Table I fall into two categories: (A) When the 
reactants are present in equivalent proportion, or when ethylene 
is in excess, the final fall in pressure approximates to that for a 
simple addition reaction; (B) when excess of bromine is present 
addition is accompanied or succeeded by some other reaction 


Tasie I. 
Final pressure-fall, 
Reaction pe ee 
No. Temp. C,H,. Br,. order. Cale. Obs. 
(A) 163 16° 7-84 , Ist 7-84 
97 12 53 -—* 96-5 
98 0 53 —* 106 
141 16 51-5 . 2nd 7°64 


(B) 21316 6-99 Zero 6-99 
16 8-54 Ist 8-95 
16 8-83 ; Ist 9:53 
16 9-60 . —t 11-07 


* Reactions retarded by condensing products. 
t Reaction too rapid for determination of order. 


occurring with diminution in pressure. A substitution reaction 
seems to be excluded, since attempts, both qualitative and quan- 
titative, to detect the formation of hydrogen bromide by freezing 
out the reaction products in a bulb (B, Fig. 1), which was subse- 
quently opened under a solution of potassium iodide and iodate, 
have hitherto given negative results. Control experiments with 
added hydrogen bromide proved the validity of the method of 
testing. The absence of a substitution reaction is rather in accord 
with general preparative experience, according to which marked 
substitution takes place in the reaction between ethylene and 
chlorine, but not in that between ethylene and bromine (Bahr and 
Zieler, Z. angew. Chem., 1930, 43, 233; compare Stewart and 
Smith, J. Amer. Chem. Soc., 1929, 51, 3082; 1930, 52, 2869). 

It is known that neither substitution nor polymerisation ordinarily 
occurs with ethylene at the temperatures employed and, moreover, 
it has been found that neither ethylene nor bromine separately 
reacts appreciably with ethylene dibromide vapour in the dark at 
16°; also that ethylene and hydrogen bromide do not react in a 
glass bulb at 16° over a period of 50 minutes, and that the presence 
of hydrogen bromide does not increase the speed of the bromine- 
ethylene reaction, as shown below : 


No. C,H,. Br,. 
245 8-54 7-86 
248 8-00 7-86 
249 7-90 7:86 
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The occurrence of a supplementary reaction, with high bromine 
pressures, in the present experiments therefore seems to point to 
the production of some excited molecular species during the bromine- 
ethylene reaction under these conditions. If this is so, a poly- 
merisation either of ethylene or of a primary brominated product 
(such as a radical C,H,Br) seems a possibility. Emeléus and Taylor 
(J. Amer. Chem. Soc., 1931, 53, 562, 3370) have found that ethylene 
undergoes induced polymerisation at room temperature during the 
photochemical reaction with ammonia. Attempts to collect and 
analyse the bromination products of ethylene have hitherto given 
inconclusive results owing to the very small amounts available with 
the experimental conditions employed. Traces of non-volatile 
products were observed. 

In view of the uncertainty regarding the nature of the secondary 
reaction, the experiments described in this and the following paper 
have been confined, in the main, to reactant ratios similar to those 
of Table I (A), with which the simple addition reaction predominates. 

Order of Reaction.—As mentioned earlier, previous workers 
have found the bromine-ethylene reaction to be of the second order 
at 0°, in the presence of air. The earlier experiments in the present 
series also gave bimolecular reactions, but it was soon found that 
the order was not necessarily the same in different glass bulbs and 
reactions of order 0, 1, and 2 have been observed with different 
surfaces, as shown below, the symbols kp, k,, and k, being the 
corresponding velocity coefficients. 


Expt. 116. C,H, = Br, = 11:50mm. Temp. 16°. 
Change, k, x Change, k, X 
9 104. %. 10 


& p- Po—Pp.- %. t. Pp. P—Pp. % 0*. 
0 23-00 = = — 65-2 18-08 4-92 42-8 10 
2-00 22-34 0-66 5-7 26 113 16-42 6-58 58-1 10 
7-40 21-96 1-04 9-0 12 136 15:92 7-08 61-5 10 
14-30 21-16 1-84 16-0 12 163 15:18 7-82 68-0 11 
23-8 20-50 2-50 21-7 10 214 14-42 8-58 72-7 11 
40-4 19°38 3-62 31-5 10 258 13-76 9-24 75-5 10 


Expt. 124. C,H, = Br, = 8-00 mm. 


0 1600 — _— — 49-0 13-02 2-98 37°3 15-1 
11:50 15:34 0-66 8-3 9-8 93-0 11-48 4-52 56-5 13-1 
29-0 14-04 1-96 24-5 14-0 143 10-54 5-46 68-3 18-8 

Expt. 227. C,H, = 744mm. Br, = 790mm. Temp. 16°. 
Change, k, x Change, k, X 

t. P- Po—-Pp- %,. 104. t. P- Po—Pp. %G. 104. 
0 15-34 — — — 13:30 11-72 3-62 48-6 218 
0-78 14:90 0-44 5-9 340 16°55 11-10 4-24 57-0 222 
3-40 14-14 1-20 16-1 225 22-12 10-40 4-94 66-4 214 
4-63 13-78 1-56 21-0 221 26-20 10-00 5-34 71-8 210 
6-07 13-30 2-04 27-4 229 . 32°55 9-50 5-84 78°5 205 
8-05 12-76 2-58 34-7 229 41-40 8-88 6-46 86-9 213 
0-65 12:16 3-18 42-8 227 
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Zero-order runs were observed with one surface only (Table IV, d) ; 
the conditions for their occurrence have not yet been fully inves- 
tigated. 

Equations of “ intermediate ” order such as those representing 
heterogeneous reactions in which one reactant is moderately heavily 
adsorbed have been tested graphically with the experimental results, 
and found to offer no advantage over the simple first- or second- 


order formule. 
Fie. 2. 





Varyinlg Bromine 


150 } 





., 100 








Ren = 4 

51-5 

0 10 20 30 40 50 
Varying initial pressure, mm. 

Catalysis by the Walls of the Reaction Vessel.—The glass retaining 
walls play a dominant part in the bromine-ethylene reaction at 
16°. The evidence for this statement is as follows. (a) The speed 
and order of reaction in a given bulb may be altered by treating the 
glass surface by heat or with water. With one bulb, the rate of 
reaction increased in the course of a few runs from an initial low value 
to a constant value which was retained for 7 weeks. After leaving 
the bulb idle for 25 days, it was found that the activity had dimin- 
ished to one-half, but the previous value was recovered after three 
runs, 

(6) Norrish (loc. cit.) discovered that there was very little com- 
bination of ethylene and bromine at 0° in a vessel with walls of 
paraffin wax, indicating that the reaction did not occur spon- 
taneously in the bulk phase.* It is unlikely that a spontaneous 

* Norrish’s experiments prove that the reaction must be initiated at a 
polar surface; but they do not exclude the possibility of chains starting at 
the surface and spreading into the gas. 
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bulk reaction, imperceptible at 0°, becomes appreciable at 16°, 
since the reaction speed decreases with rising temperature over 4 
wide range. 

(c) It has been shown that the rate of reaction is raised by 
increasing the area of glass exposed to the reactants; but the 
variations in the surface activity of different specimens of glass 
make it difficult to connect the reaction speed quantitatively with 
the surface/volume ratio of the containing vessel. Table IT shows 
the results of some experiments in which the extent of surface § 
presented to the reactants was increased by introducing pieces of 
glass tubing of known area. The time of half reaction ¢ is taken 
as a measure of the rate, since the order of the reaction was changed 
from 2 to 0 by the introduction of the tubing. In the table, V is 
a measure of the volume of the reaction system and r (= V/tS) isa 
measure of the specific surface reactivity. 


Tasie IT. 

Temp. 16°. 
No. S. C.H,. Br. t. ViS=r. ty/Ty 
216 446 1-53 7-86 8-6 3-5 ) 0-9 
207 233 7-43 7-86 14-4 41 f 
214 446 13-98 14-70 2-2 13-4 ) 1-2 
206 233 14-07 14-68 5-1 11-5 f 
215 446 7-81 23-94 0-8 —. 7 1-6 
204 233 8-83 23-92 2-4 2 «Uf 
257 442 8-70 7-86 (kt, = 000237) \ bl 
268 219 7-04 7-86 (kg = 000107) J 


In Expts. 257 and 258 of Table II, with different glass through- 
out, the reactions were of second order both with and without 
added tubing. The quantity r,/r,, i.c., the ratio of the specific 
surface activities of the two reaction systems, should always be 
equal to unity if the rate of reaction were strictly proportional to 
the surface/volume ratio of the containing vessel. It is approxim- 
ately unity for the lower pressures of reactants, but at the higher 
bromine pressures, the rate of reaction is enhanced by increase of 
glass area to a higher degree than simple proportionality, and this 
effect has been confirmed in later experiments in which a 100-cm. 
length of glass tubing cut into 2-cm. pieces was present in the 
reaction bulb. Pieces of the tubing were moved in successive 
experiments, 

Variation of the Initial Ethylene Pressure.—With fixed surface 
conditions a constant catalytic activity was retained over long 
periods of time. On one surface the value of k, obtained with 
“standard ” pressures of ethylene and bromine of about 8 mm. 
was used as a “ normal ”’ value from which to determine the effects 
of varying conditions of pressure, temperature, and presence of 
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foreign gases. After each change of conditions a “ standard ” run 
was performed in order to test the catalytic constancy of the surface. 
Table IIT illustrates the degree of reproducibility of such standard 
runs, and also provides a proof that the rate of reaction is truly 
proportional to the ethylene pressure, since the magnitude of k, is 
independent of the initial pressure of ethylene. 


Taste III. 
Surface A. Temp. 16°. 
No. O,H, Br, k, x 105. No. C,H,. Br, k, x 10°. 


122 7-50 6-96 150 152 9-80 7-70 147 
124 8-00 8-00 153 131 14-89 7-58 118 i 
130 8-12 7-78 134 137 15:00 7-64 153 | 
142 8-00 7-86 126 136 44-75 7-62 168 ! 
143 7:87 7-92 136 132 45-63 7-72 146 \ 
145 7-76 7-76 149 141 51-50 7-64 142 1 


Mean k, = 0-00144 4+ 6-9%. 


In all tables, the numbers of the runs in the first column give the 
order in which the experiments were performed. 

Variation of the Initial Bromine Pressure —The effect of varying 
the initial bromine pressure has been examined on a number of 
different glass surfaces; these are referred to as A, B, etc. On all 
surfaces, the velocity coefficient, whether of second, first, or zero 
order, rises as the initial bromine pressure is increased. 


TABLE IV. 
(a) Surface A at 16°. Second-order (6) Surface B at 16°. Second-order 
reaction. reaction. 
No. C,H,. Bry. ky X 104. No, C,H,. Br, k, X 10 
124 Standardrun 8-00 15-3 203 9-10 7-84 70°0 
138 7-86 4-08 6-44 210 11-82 7-88 62-4 
125 9-84 9-82 23-3 211 14-68 14:06 112 
134 8-49 15:10 48:5 206 14-07 14-68 120 
145 Standardrun 17-76 14-9 208 26-70 14-82 113 
(c) Surface D at 16°. First-order (d) Surface B,. Reaction of zero 
reaction. order. 

No. C,H,. Br,. k, Xx 104. No. C,H, Br, ky =(po—>P)/ 

232 1-04 1-03  (12)* At 16°. 

233 1-83 1-83 (23)T 213 6-99 7-86 0-322 

227 7°44 7-90 219 214 13-98 14-70 3-0 

242 8-20 7-86 135 215 7-81 23-94 10 

245 8-54 7°86 140 216 7-53 7-86 0-449 
247 «47-220 7-86 = 185 - 

2317-04. s«14-64 655 At 25°. 

228 8-26 15-04 837 217 8-08 7-84 (0-214) f 
252 8-54 14-88 711 219 7-81 24-00 2-4 

* ky = 26 x 10+. t ky = 31-9 x 10. t k, = 140 x 10-. 





In all cases the velocity coefficients in Table IV refer only to 
that portion of the reaction in which the reaction product is not 
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separating asaliquid. First-order velocity coefficients are calculated 
with respect to ethylene. 

The results presented in Table III and Table IV (a) are shown in 
Fig. 2. On surface A, k, is proportional to the square of the initial 
bromine pressure, but this result does not hold for the other surfaces 
in Table IV. On all the surfaces, experiments were performed with 
still higher initial proportions of bromine to ethylene, but the 
reactions were then very rapid, and the secondary reaction (p. 1751) 
became a seriously disturbing factor. Velocity coefficients calcul- 
ated from the initial stages of such experiments are included in 
Fig. 2. 

The persistence of this variation of the velocity coefficient with 
the initial bromine pressure in experiments with differently purified 
specimens of bromine (including complete omission of drying with 
phosphoric oxide), has made it unlikely that the effect is due to a 
catalysing impurity either present in the bromine or formed by 
interaction of bromine with phosphoric oxide in the drying tube 
(Fig. 1). 

It seems to be fairly clear from the results of the last two sections 
that, except for the one surface which gave zero-order reactions, the 
hypothesis that ethylene is only slightly adsorbed on the glass is 
justified. Further support may be derived from the figures of 
Crespi and Moles (Anal. Fis. Quim., 1930, 28, 448) for the adsorption 
of ethylene on glass at 14°, which seem to show that the glass is 
far from being saturated with ethylene even at 760 mm. pressure. 
But the assumption that bromine is simultaneously slightly adsorbed 
to a slight extent on the catalysing glass does not alone suffice to 
explain the complications of the reaction kinetics. 

Temperature Coefficient of the Reaction.—The rate of the bromine- 
ethylene reaction decreases with rising temperature. This effect 
has already been recorded for zero-order reactions in Table IV (d) 
and is further illustrated, for two other surfaces, in Table V. The 
standard runs quoted for surface A show that the temperature effect 
is perfectly reversible. 

If values of log k at corresponding pressures are plotted against 
1/T,, a series of parallel lines is obtained, which includes the line 
drawn from the results with water vapour present. Using the 
equation d(In k)/dT = L/RT?, and neglecting the slight effect of 
changing concentration for a given pressure over the small temper- 
ature range concerned, we find — L to be approximately 22,000 cals. 
and 21,000 cals. for the absence and presence of water vapour 
respectively. For Surface G, — L is 17,000 cals. 

The apparatus in use was-not suitable for exact measurements 
at temperatures higher than 25°; but some preliminary experiments 
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TABLE V. 


(a) Surface A. Standard run at 16°, No. 122, k, = 15-0 x 10“. 
No. C,H,. Br,. Temp. k, X 104. ky X 10+. 
126 14-48 14-92 25° a 7-22 
127 8-85 8-50 25 5-85 oon 
123 14-63 14-60 16 a= 274 
125 9-84 9-82 16 —- 70-3 

Read from Fig. 2 8-50 16 17-3 —_ 
129 10-73 10-16 9 — 198 
128 8-54 8°52 9 me 121 

Standard run at 16°, No. 145, k, = 14:9 x 10-. 


(6) Surface A. 2-00 Mm. of water vapour present. 
169 8-28 7:90 25 = 56-3 
171 7-96 7-86 25 — 56-5 
163 7°84 7-86 16 _ 167 
172 7-46 7-86 16 ~ 164 
(c) Surface G. 
282 7:90 7:86 25 91-7 
283 9-26 7:36 16 220 


suggest that with one surface the rate of reaction continues to 
decrease up to 200°. 


Summary. 
In confirmation of previous work at 0°, the combination of 
ethylene and bromine is found to be a surface reaction in a glass 


vessel at room temperature. The reaction appears to be predomin- 
antly simple addition of bromine to the double bond, unless bromine 
is initially in excess when some supplementary reaction is induced 
by the addition process. In the bulk of the experiments discussed 
in this and the following paper the conditions were such as to 
reduce the supplementary reaction to a minimum. 

The kinetics of the reaction are not simple. It is found (a) that 
the rate of reaction decreases with rising temperature; (b) that the 
order of the reaction may be 2, 1, or, in one instance, zero, depending 
on the reaction vessel employed. For a given surface, lowering 
the temperature or raising the pressures of the reactants tends to 
lower the order of reaction. (c) For a given surface and reaction 
order, the magnitude of the velocity coefficient is independent of 
the initial ethylene pressure but rises with increasing initial bromine 
pressure. 

The negative temperature coefficient implies that the reaction 
takes place in more than one stage. It does not seem probable 
that the variation of the adsorption of the reactants with temper- 
ature and pressure can account for the magnitude of the observed 
effects, for changes in reaction order due to changing adsorption 
on a catalyst generally require more drastic alterations of the 
experimental conditions (compare, ¢.g., the ethylene—hydrogen 
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reaction on copper at different temperatures, Pease and Harris, 
J. Amer. Chem. Soc., 1927, 49, 2503). Part II presents evidence 
for the formation of a bromine-water complex and for chain- 
propagation in the bromine-ethylene reaction. 


DEPARTMENT OF COLLOID SCIENCE, 
CAMBRIDGE. [Received, March 23rd, 1932.] 





235. The Thermal Combination of Ethylene and 
Bromine at Glass Surfaces. Part II. The In- 
fluence of Water. 

By Gwyn WILLIAMs. 


Bors Stewart and Edlund (J. Amer. Chem. Soc., 1923, 45, 1014) and 
Norrish (J., 1923, 123, 3006) observed that the reaction of ethylene 
and bromine at 0° was accelerated by the presence of moisture. 
The following results show that the same is true at higher temper- 
atures. The experiments were conducted on a surface which gave 
second-order reactions with an initial bromine pressure of 8 mm. and 
the “standard rate” for this surface was k, = 0-00144 (compare 
Table III, preceding paper); but in the presence of water vapour 
the same surface gave invariably reactions of the first order. Expt. 
168 is an example. 
Expt. 168. Ethylene = 759mm. Bromine = 7:86 mm. 
Water vapour = 3-10 mm. Temp. = 16°. 
p. Po —p- Change,%. k, x 10. k, x 104 
15-4 
14-44 : 13-3 67:1 213 
13-02 . 32-0 83-5 245 
12-24 4 42-3 96-7 251 
10-90 , 60-0 119 256 
10-18 , 69-4 142 264 
9-64 . 76-5 157 251 
8°88 P 86-6 222 264 
Mean 0°0249. 


As before, pressures are always given in mm. and time in minutes. 
The collected results for the influence of water vapour at 16° with this 
surface are given in Table I. 

The concordance in the results of Expts. 163 and 172 proves the 
constancy of the surface conditions for the first two parts of the 
table. Somewhere between Expts. 172 and 179 the surface activity 
must have diminished somewhat; nevertheless Table I(c) indicates 
that, within certain limits, the value of k, is independent of the 
initial ethylene pressure, a fact which justified the procedure of 
calculating first-order velocity coefficients always with respect to 
ethylene. Other features in Table I are referred to later. 


ooe 
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TABLE I. 


(a) Variation of water pressure. 
No. H,0. C,H,. Br,. k, x 104. 
162 104 7-84 7-82 69-6 
163. 2:00 7-84 7-86 167 
168 3:10 7:59 7-86 240 
167 4:26 7-84 7-88 459 
172 2:00 7:46 7-86 164 


(6) Variation of initial bromine pressure. 
No. H,O. C,H,. Br,. k, x 10%. 
163 2-00 7-84 7-86 167 
164. 2-00 7-84 14-42 570 
166 2-00 7-59 17-18 1120 
165 2-00 7-84 22-00 3000 


(c) Variation of initial ethylene pressure. 


4:77 7-86 146 175 2-00 10-90 7:84 124 
5°35 7-86 122 174 2-00 13-95 7-86 (116—84-6) 
8-31 7-84 116 173 2-00 19-71 7-84 (96-4—61-2) 


177 2-00 
178 2-00 
179 2-00 

The accelerating influence of water vapour upon the reaction, 
illustrated in Table I(a), is further traced to a surface action, rather 
than to any effect of water upon the reactants in the bulk phase, by 
the results given in Table II(a), which show that the characteristic 
effects of water (increased rate of reaction and first-order velocity 
coefficients) persist on the water-treated surface of Table I in runs 
in which no water vapour was introduced initially; and by the 
results in Table II(b), which show that these effects disappear when 
the surface is baked in such a way as to remove adsorbed water. 


TaBxe II. 
(a) Runs at 16° on water-affected surface. 


C,H, 
7°59 
7-71 
7-95 


Br,. 
7°86 
7-98 
7°86 


k, x 104, 
50°3 
72-6 
61-4 


No. 


189 
191 


Br. 
7:86 
7°86 


C,H,. 
9-19 
7-84 


k, x 104. 
65-3 
84°8 


(6) Runs at 16° with baked bulbs. 
C,H,. Br,. k, X 104, No. C,H,. Br,. 
Surface A. Surface G. 
8-08 7-86 9-26 7-86 
14-37 14-16 7-80 7-86 
8-42 7-84 
Surface C. 9-70 71-86 
10-74 7°86 8-31 7-86 
10-23 7°84 
15-70 14-80 
8-29 7°86 
* Unbaked. T hy 
t (Temp. 360°.) No fall in pressure during 36 mins. 


No. k, x 104. 


192 
193 


14-2 
26 


283* 
287 
288 
289 
291 


220¢ 
331 
120 


12 


220* 
221 
222 
223 


78:7 
33°3 
62—110 
35°6 


For the experiments in Table II(b), before each run the reaction 
bulb was baked out in an electric furnace for 2—5 hours at 350—400° 
and a pressure of rather less than 10° mm. With the surfaces A 
and ©, 28% of the total glass surface presented to the reactants 
(comprising the gauge and connecting tubing) was not baked ; with 
the surface G, less than 20%, of the surface remained unbaked. 
According to Sherwood (Physical Rev., 1918, 12,448; J. Amer. Chem. 
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Soc., 1918, 40, 1645; compare Dunoyer, “ Vacuum Practice,” 
London, 1926), baking in the above manner should suffice to remove 
adsorbed gases (mainly water) from the glass, while leaving behind 
any chemically combined water. Expts. 184 and 221, taken from 
(a) and (b) respectively in Table II, are quoted in full to illustrate the 
definiteness in the assignment of first and second order. 


Expt. 184. Ethylene = 7-71 mm. Bromine = 7-98 mm. 
p- Po —p. Change, %. k, x 104. k, x 104, 
15-69 
15-12 
14-10 
13-04 


30 53-0 
30 

“2 

“0 12-04 

“0 

4-0 


70-2 
72-5 
73-4 
72-0 
72-1 
75-4 
Mean 0-00726 


7-4 
20-6 
34:4 
47-3 
62-4 
78-9 
89-4 


mo 


10-88 
9-60 
129 8-80 


SSeS tym 
SBOoma aaa 
Coe aanc-! 
“IR Cobo bow 
SSROAL 

OD OD @® 


Expt. 221. Baked bulb. Temperature kept at 420—430° for 25 mins. and 
then at 330—360° for 1 hour before run. 
Ethylene = 9-61 mm. Bromine = 7-84 mm. 
t. p- Po — P- Change, %,. k, x 104. 
0 18-07 
4-10 17-08 0-99 12-6 33°1 
8-50 16-26 1-81 23°1 33°8 
14-70 15-38 2-69 34°3 32-8 
24-5 14-38 3°69 47-1 32-2 
33-0 13-78 4-29 54-7 31-6 
41-0 13-18 4°89 62-5 33°4 
66-0 12-04 6-03 77-0 36°5 
Mean = 0-00333 
Bromine-hydration Hypothesis.—It has been shown in Part I that, 
provided that bromine be not present in excess, the rate of com- 
bination of ethylene and bromine can be represented in general by 


one or other of the equations 


First order, a(C,H,Br,|/dé = k,[C,Hy) . . . . (I) 
Second order, d{C,H,Br,]/dt = k,[C,H,]|[Br.| . . ~. (2) 


in which concentrations are given in partial pressures. In the 
present paper it is shown that wetting the glass surface accelerates 
the reaction and favours equation (1), whilst drying it retards 
reaction and favours equation (2). This suggests that water 
participates chemically in the combination of ethylene and 
bromine, either by the reversible exothermal formation of 4 
surface-bromine-water complex or, possibly, by a mechanism 
involving multi-body surface collisions between molecules of 
ethylene, bromine, and water possessing two-dimensional mobility 
(compare Volmer, Trans. Faraday Soc., 1932, 28, 359). The 
influence of water is better explained by such a hypothesis than by 
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one envisaging an alteration of the surface structure of the glass by 
the action of water (compare Frazer, Patrick, and Smith, J. Physical 
Chem., 1927, 31, 897) on account of the previous cleaning of the 
reaction bulbs with chromic acid and steam (Part I, p. 1749), and of 
the reversibility (a) of the temperature effect (Part I, Table V) 
and (6) (within limits) of the accelerating influence of water vapour 
(Table I). 

If union with ethylene requires the participation of water, the 
negative temperature coefficient of the process may be accounted 
for by the diminution of the surface concentration of hydrated 
bromine with rising temperature. 

The identity in the numerical values of the temperature co- 
efficient in the presence and absence of water vapour, found in Part 
I, may be fortuitous, but if correct, it supports the view that water 
is concerned in the reaction at “normal” glass surfaces, which 
doubtless hold adsorbed water. For additional support, reference 
may be made to the kinetics of the addition of bromine to olefinic 
compounds in solution in chloroform and carbon tetrachloride. The 
rates of such reactions have been found to be susceptible to the 
presence of traces of moisture (Sudborough and Thomas, J., 1910, 
97,715, 2450; D. M. Williams and James, J., 1928, 343), and Davis 
(J. Amer. Chem. Soc., 1928, 50, 2769) finds that bromine and ethylene 
react extremely slowly in dry carbon tetrachloride; the reaction is 
accelerated by moisture and the rate of reaction decreases with rise 
of temperature from 0° to 25°. This behaviour is ascribed to the 
reversible formation of a bromine hydrate which is supposed to be 
the reactive component. 

The initial speed of the gaseous bromine-ethylene reaction does 
not appear todepend uponthe time elapsing between the introduction 
of bromine into the reaction vessel and the subsequent admission of 
ethylene ; nor is it affected by previous exposure of the surface to a 
high bromine pressure. The hydration of bromine is not, therefore, 
the rate-determining step. 

The Variability of the Reaction Order.—The influence of water in 
bringing about first-order reactions is interpreted as meaning that 
the transition from second to first order occurs when the surface 
concentration of hydrated bromine becomes so high that the chance 
of a surface collision between an ethylene molecule and a hydrated 
bromine molecule is independent of the gaseous bromine pressure. 
This supposition is consistent with the following further facts. 

(a) Even in the presence of water vapour, the first-order equation, 
whilst holding in a reaction with a 40% excess initial ethylene 
pressure (175, Table I,c), breaks down if ethylene is initially present 
in 80°%, excess (174, 173). 
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(6) A reversible transition from equation (1) to equation (2) can 
be brought about on all surfaces, without special wetting or drying, 
if the conditions are properly chosen. For example, on surface D 
(Expts. 226—253), the reaction appeared to be always first order; 
at the “ standard ” initial pressures of 7-9 mm. the unimolecular 
law fits very well—compare Expt. 227 in Part I. But a reaction 
of the second order is observed if the initial pressures of the reactants 
are reduced to 2 mm. (see Expt. 233). 


Expt. 233*, Ethylene = Bromine = 183mm. Temp. 16°. 





t. p- Po —p. Change,%. k, x 10°. ky X 105 
0 3-6 
8 3-58 0-08 4-4 312 239 
17 3°50 0-16 8-7 318 232 
25 3-43 0-23 12-6 314 232 
40 3-32 0-34 18-6 311 223 
70 3°14 0-52 28-4 310 207 
104 2-99 0-67 36-6 303 190 
172 2-74 0-92 50-3 321 176 
226 2-59 1-07 58-5 340 169 
280 2-49 1-17 64-0 345 158 
320 2-41 1-25 68-3 (368) 158 
Mean 0-00319 


* In this experiment the Bourdon gauge was used as an absolute measuring 
instrument. 

The conditions bringing about the transition from second to first 
order are a relatively high initial bromine pressure or a lowered 
temperature. Increasing the initial ethylene pressure to a high 
value does not alone induce a transition. 

(c) In Expt. 193 on a baked surface (Table II, 6), the reaction was 
of second order with relatively high reactant pressures, which gave 
the first-order law on the same surface before baking, even without 
deliberate wetting. 

Variation of the Velocity Coefficient with Initial Bromine Pressure 
and Possibility of Chain Propagation.—The variation of the velocity 
coefficient with the initial bromine pressure (Part I, Table IV) 
indicates the possibility of chain propagation, which is not a priori 
unlikely in view of the occurrence of reaction chains in the photo- 
chemical addition of bromine to double bonds (Berthoud and Béraneck, 
J. Chim. physique, 1927, 24, 213; Ghosh and Purkayastha, J. 
Indian Chem. Soc., 1928, 4, 533; Z. physikal. Chem., 1930, B, 9, 
128, 154), in the .photo-sensitisation by bromine of geometrical 
isomerisation (e.g., Berthoud, Trans. Faraday Soc., 1926, 21, 554; 
Schmidt, Z. physikal. Chem., 1928, B, 1, 205), and in the thermal 
chlorine-ethylene reaction (Stewart and Smith, J. Amer. Chem. 
Soc., 1929, 51, 3082; 1980, 52, 2869). The initiation of chains by 
hydrated halogens has been postulated in other reactions (¢.9- 
Franck and Rabinowitsch, Z. Elektrochem., 1930, 36, 794; Boden- 




















can 


>D 
er; 


ion 
nts 


rst 


igh 
yas 
we 


ut 


ure 


1al 


by 
9-s 
n- 

















ETHYLENE AND BROMINE AT GLASS SURFACES. PART 11. 1763 


stein, T'rans. Faraday Soc., 1931, 27, 413), and chains started at the 
surface might spread into the gas phase (compare Hinshelwood, 
Trans. Faraday Soc., 1932, 28, 184). Some additional experimental 
material with the bromine—ethylene reaction is most easily inter- 
preted on this view. This evidence is only summarised here since 
further work is projected. 

(a) When bromine is initially in excess a secondary reaction is 
induced by the addition reaction, indicating that an activated 
molecular species is produced at some stage [Part I, pp. 1752, 1756]. 
The reaction proceeds especially rapidly to completion when bromine 
is in excess. 

(b) It was shown in Part I that a given increase in the area of 
glass exposed to the reactants is progressively more effective in 
accelerating the bromine—ethylene reaction as the initial bromine 
pressure israised. This is understandable if a high bromine pressure 
favours the propagation of chains in the gas phase. 

(c) In one instance, packing the reaction vessel with pieces of 
poisoned glass tubing actually reduced k, from 0-00624 to 0-00447. 
The retardation was larger than would be anticipated if the inactive 
tubing were merely covering up active glass. 

(d) The presence of inert gases—air, oxygen, and nitrogen—is 
found to retard the combination of ethylene and bromine at 16° 
(Table III). This may be due to the deactivation of a chain-carrying 
species in the gas phase. The adsorption of the permanent gases on 
glass does not seem to be sufficiently great (Durau, Z. Physik, 1926, 
37,419; Moles and Crespi, Anal. Fis. Quim., 1929, 27, 529; 1930, 
28, 448) to account for the observed retardation on the grounds of 
displacement of adsorbed reactants from the glass. 


TABLE III. 
No. C,H,. Bry. k, x 104. Inert gas. 
185 7-95 7-86 61-4 = 
186 8-20 7-86 52°4 71-8 mm. Air 
187 9-5 7-86 39-5 724 » Ne 
188 9-1 7°86 41-5 73°2 4 N, 
189 9-19 7°86 65-3 a 
190 9-2 7-86 34-2 7135 5, Os 
191 7-84 7°86 84-8 _ 
204 8-83 23-92 1340 —- 
205 8-00 24-40 874 68-4 ,,. Ny 
242 8-20 7-86 135 —_ 
243 7-49 7-86 76 217 ,, N; 
kk, X 104. 
232 1-04 1-03 26-0 —_ 
234 1-86 1-03 24-5 _ 
239 1-02 0-99 20-1 22-4... Ns 
233 1-83 1-83 31-9 — 
237 l- 1 
1 1 


83 32-1 — 
‘79 23-3 
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Influence of Ethylene Dibromide Vapour on the Reaction.—In the 
following experiments (Table IV), dry ethylene dibromide vapour at 
various pressures was introduced into the reaction bulb before the 
commencement of each run. Its presence accelerated the reaction 
and reduced the steepness of the negative temperature coefficient. 
The rates were best represented by the first-order law. 


TABLE IV. 


(a) Variation of ethylene dibromide (b) Variation of initial bromine 
pressure at 16°. pressure at 16°. 

No. C,H,Br,. C,H,. Br,. k,x104. No. C,H,Br,. C,H,y. Br,. kk, x 104. 

148 ° 7°86 7-86 46-3 149 2-20 7:84 15-36 457 

144 . 7:36 7:36 766 156 2-20 8-69 21:74 1240 


+1 . Sb le po th (c) Variation of temperature : Expts. 


Pe . ° 99 
igs i er Ue. ar 157 and 182 are at 25°. 
150 . 7-60 7:84 171 157 220 781 7-88 54-9 


147 , 787 788 175 182 4-20 7:86 7°86 113 
155 . 8-56 7-84 197 
? i % : (ad) Influence of water vapour at 
154 196 7°86 271 16°: water = 2-00 mm. 
179 _ 8-31 7-84 116 


180 2-50 8°56 7-82 235 
181 3°52 8-31 7:84 266—397 


Between Expts. 144 and 146 the ethylene dibromide was dried for 


2 days over phosphoric oxide and redistilled. 

The accelerating influence of added ethylene dibromide vapour 
differs from that of water vapour in that there does not appear to 
be a permanent alteration of the surface condition, as is shown by 
the results of the following “ standard runs ”’ which were interspersed 
with the experiments given in Table IV. 

BEEBE, srsccccecsooces 141 145 152 160 
ky x 104 14-2 14-9 14-7 16-7 

It seems remarkable that the initial addition of comparatively 
small pressures of ethylene dibromide vapour should accelerate the 
reaction, since the success of the simple first- and second-order 
expressions in representing the rate implies that the reaction is not 
ordinarily autocatalytic. There was, however, in many experiments 
in this bulb a tendency for the velocity coefficients to rise at the end 
of the reaction. 

When the reaction takes place on a baked surface, the products 
are adsorbed on the walls and, if these are not subjected to further 
baking, subsequent reactions proceed at an increased rate as shown : 

No. of Run. C,H,. Br,. Temp. ky x 10¢. 

197, Baked 8-00 7-86 16° 64-5 

198, Unbaked 8-15 7-86 16 109 

199, Unbaked 7:90 7-86 16 206 


201, Unbaked 7-90 7°86 26 124 
202, Baked 7-90 7°86 16 115 
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If water is removed from the surface, its place can evidently be 
taken by adsorbed reaction products; but the simplicity of the 
equation for the rate of reaction suggests that this does not ordinarily 
occur on “normal” glass surfaces. Stewart and Smith (loc. cit.) 
have found that the chlorine-ethylene reaction is autocatalytic on 
baked Pyrex surfaces. The accelerating influence of added ethylene 
dibromide vapour may be due to action in the gas phase. The 
separation of liquid ethylene dibromide during a run retards the 


reaction. 
Summary. 

(1) It is shown that water vapour accelerates the bromine- 
ethylene reaction, and that its influence is due, at least in part, to its 
participation in some action at the glass surface. 

(2) The transition from a reaction of second order to one of first 
order is favoured by (a) a wet surface, (b) relatively high initial 
pressures of bromine, (c) low temperature. 

(3) It is suggested that bromine is hydrated at the glass surface, 
and that ethylene reacts with the bromine-water complex. The 
rate of reaction becomes independent of the bulk bromine pressure 
when the surface concentration of hydrated bromine is relatively 
high. 

(4) There are indications that chains may start at the glass surface 
and spread into the gas phase. 

(5) It is shown that the introduction of ethylene dibromide 
vapour before the commencement of a run causes an increase in the 
rate of reaction. 


This work has been done partly in the Laboratory of Colloid 
Science and partly in the Laboratory of Physical Chemistry, Cam- 
bridge; I wish to express my thanks to Prof. E. K. Rideal, F.RB.S., 
for his stimulating encouragement and advice, and to Prof. T. M. 
Lowry, F.R.S., for his helpful interest. I desire also to acknowledge 
that the work has been done during tenure of a Strathcona Student- 
ship at St. John’s College, and subsequently of a Fellowship of the 
University of Wales. 


DEPARTMENT OF COLLOID SCIENCE, 
[ Received, March 23rd, 1932.] 

















1766 IVES AND RILEY: STUDIES IN COMPLEX SALTS. PART V. 





236. Studies in Complex Salis. Part V. The Effect 
of Diisopropyl Substitution on the Stability of the 
Dimalonatocupriate Ion. 

By Davip James Grpss Ives and Harry Lister RiLzEy. 


Ir has already been shown (Part III; Riley, J., 1930, 1642) that, 
whereas substitution of the groups CH;, C,H,, or n-C,;H, causes a 
slight decrease in the tendency of the malonate ion to co-ordinate 
with copper, the isopropyl group brings about a decided increase, 
Dialkyl substitution, it was also shown, in the case of dimethyl, 
diethyl, and di-n-propyl, brings about a pronounced decrease in 
this property. In view of the different behaviour of one isopropyl 
group, compared with the other alkyl groups, and of the pronounced 
effect of dialkyl substitution, a study of the effect of substituting 
two isopropyl groups in the malonate ion appeared to be highly 
desirable. Unfortunately at that time, the preparation of ditso- 
propylmalonic acid had not been described, and the suggested 
interpretation of the behaviour of the single isopropyl group indic- 
ated that it would be either impossible, or very difficult, to con- 
dense a second isopropyl group with malonic acid. Subsequently, 
however, Marshall (J., 1930, 2754; 1931, 2336) succeeded in pre- 
paring the required acid, but the difficulty he encountered amply 
confirmed our expectations. The authors are indebted to Dr. 
Marshall for 8 g. of the acid, with which they have studied the 
tendency of the ditsopropylmalonate ion to co-ordinate with copper. 
The electrolytic dissociations of copper diisopropylmalonate and of 
ditsopropylmalonic acid itself, in aqueous solution, have also been 
studied. The significance of the results is discussed later. 


EXPERIMENTAL. 

The potentiometric titration, employing sodium diisopropyl- 
malonate, was carried out in an exactly similar manner to that 
already described in Part ITI (loc. cit.). Sodium diisopropylmalonate 
was prepared by adding an exactly equivalent quantity of standard, 
carbonate-free, “A.R.” caustic soda solution to the acid and evapor- 
ating the solution to small bulk in a platinum basin on the steam- 
bath. Unlike the sodium salts of malonic acid and the alkyl- 
malonic acids already studied, this salt was not precipitated by 
addition of absolute alcohol to the concentrated aqueous solution. 
Acetone, however, effected this precipitation. The precipitated 
sodium salt was dissolved in water, and the filtered solution again 
evaporated and precipitated with pure acetone. This process was 
repeated a third time, and the resulting sodium salt filtered, washed 

















that, 
18€8 a 
linate 


rease, 
ethyl, 
se in 
ropy! 
unced 
uting 
ighly 
diiso- 
ested 
ndic- 

con- 

ntly, 


uply 


the 


per. 
d of 
een 








IVES AND RILEY: STUDIES IN COMPLEX SALTS. PART:V. 1767 


with acetone, and dried at 120° for several hours before use (Found : 
Na, 19-83. ©,H,,0,Na, requires Na, 19-89%). During the course 
of the titration, a slight turbidity developed in the copper malonate 
half-element, probably due to the hydrolysis of the normal copper 
salt. An aqueous solution of copper diisopropylmalonate’ was 
subsequently shown to be slightly hydrolysed in dilute aqueous 
solution. The concentrations of copper ions were calculated from 
the potentials of the concentration cell and the constant of instab- 
ility of the bisditsopropylmalonato-ion calculated in an exactly 
similar manner to that already described in Part III. The results 
obtained are shown in Table I. 


Tase I. 
Instability constant of complex ion. 


Conc. of P.D., 
malonate, milli- 
m.-mols./1. volts. [Cu])x10’. [CuX,”]x10% [X”]x10% Kx 107 


0 0 

3°0 —2 

5-9 —1 

8-7 1 
11°5 7-5 
14:3 19 
17-0 31 
19-6 44 
22-2 56 737 0-993 00548 0-41 
27°3 70 243 0-998 0-539 13 
32-1 77 145 0-999 1-47 2-1 
41-4 84 79°8 1-000 4-58 3°7 

. 50-0 88 58-1 1-000 9-00 4-6 

58-1 91 45-5 1-000 145 6-6 
72-7 97 28-5 1-000 27:8 7-9 
85-7 101 20-6 1-000 43-2 89 
100-0 105 15-0 1-000 64-0 9-6 


Preparation and Properties of Copper Diisopropylmalonate.— 
Copper diisopropylmalonate was prepared by digesting pure copper 
oxide with excess of the acid on the steam-bath for several hours. 
The resulting solution was filtered, the residue being thoroughly 
extracted with hot conductivity water, the extract added to the 
original solution, and the whole evaporated. The resulting copper 
salt, which was purified in the manner already described (Ives and 
Riley, J., 1931, 1998), was of a deep blue colour, deeper than copper 
malonate but not so deep as copper isopropylmalonate (Found : 
Cu, 25-3; C, 43-6; H, 5-5. O©,H,,0,Cu requires Cu, 25-5; C, 43-3; 
H, 5-6%). Like the diethyl and dipropy] salts, the diisopropyl salt 
is very readily hydrolysed ; in fact, the dilute aqueous solutions of 
the salt used in the conductivity experiments are slightly turbid, 
indicating that some hydrolysis oceurs even in the cold. The 
results obtained, which therefore should only be considered approx- 
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imate, are given in Table II, concentration being expressed as milli. 
equivs. per litre. It is assumed that the value of A, is the same as 
that of copper dipropylmalonate, viz., 95-6. 


TaBLe II. 
Dissociation constant of copper diisopropylmalonate. 

Cone. A. a. Kx 10°. Conc. A. a. Kx 10. 
3°761 6-9 0-0722 2-1 0-673 14-0 0-146 1-7 
2-247 8-1 0-0847 1-8 0-509 16-0 0-167 1-7 
1-428 9-6 0-100 1-6 0-497 16-4 0-172 1-8 
1-189 1l-1 0-116 1-8 0-361 19-0 0-199 18 
0-943 12-1 0-127 1-7 _ 95-6 — — 
0-738 13-2 0-138 1-6 


The results of the measurements of the conductivity of aqueous 
solutions of diisopropylmalonic acid are shown in Table III, con- 
centrations being in millimols. per litre. The acid used was care- 
fully purified by several recrystallisations from aqueous acetone. 
The results show that the acid behaves very similarly to the dipropyl 


Tasie III. 


Dissociation constant of diisopropylmalonic acid. 


Conc. pi a. K x 108. Conc. ps a. K x 108. 
3-357 288-9 0-7414 7:14 0-722 345-8 0-8875 5-05 
2-169 308-8 0-7925 6-57 0-405 353-6 0-9075 3°60 
1-782 318-9 0-8184 6-57 0-206 356-3 0-9144 2-01 
1-512 322-6 0-8279 6-02 = 389-65 — _— 


1-081 333-1 0-8549 5°45 


acid. The values of K, have been calculated from the value 389-65 
for %) (Vogel, J., 1929, 1476); this can only be considered as 
approximate, for it was obtained from conductivity data of aqueous 
solutions of the sodium salt of dipropylmalonic acid, which are 
appreciably hydrolysed. No other method is available for the 
accurate determination of 9, for diisopropylmalonic acid is fairly 
“ strong,” and mobility and activity errors, introduced when extra- 
polation methods based on the dilution law are used, will be appreci- 
able. The value of K, obtained by this method serves to compare 
it with the results obtained for the other alkylmalonic acids studied 
by Vogel (loc. cit.). 
Discussion. 

The varying effects of alkyl substitution on the stability of the 
malonatocupriate ion can now, it is believed, be simply explained. 
Although the dioxalatocupriate ion is considerably less dissociated 
(K =3 x 10"; J., 1931, 2033) than the dimalonatocupriate ion 
(K = 10°), this does not mean that a 5-membered chelate ring is 
necessarily less strained than a 6-membered. The cause of the 
greater stability of the oxalato-ring is probably due to the very 
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much greater localisation of the negative charges on the two carboxy] 
oxygen atoms, brought about by their mutual effect, this com- 
pletely masking any instability brought about by strain in the 
chelate ring. Although there may be less strain in the malonato- 
chelate ring, its decreased stability can be accounted for by a 
diminution in the negative charge on the carboxyl oxygen atoms, 
due to the buffering action of the median CH, group. Let it be 
granted, then, that of all chelate rings of this type, the least strained 
is 6-membered (malonato), and further, that the distance apart of 
the two carboxyl groups in this ring of minimum strain lies some- 
where between that in malonic acid and that in methylmalonic acid. 
The fact that methyl, ethyl, or n-propyl groups cause only a very 
slight decrease in the stability of the malonatocupriate complex 
indicates that diminution in the distance apart of the two carboxyl 
groups brought about by the substitution of these alkyl groups 
(according to the valency-deflexion theory of Ingold) with a conse- 
quent introduction of a slight amount of strain is more or less 
compensated by the polar effect of the alkyl group (this causing an 
increase of the negative charge on the carboxyl oxygen atom). The 
fact that the stabilities of the malonate and these alkylmalonate 
complexes are so nearly equal indicates that the chelate ring of 
minimum strain must have an intermediate structure. The stability 
of the isopropylmalonato-complex (K = 10°) indicates that the 
isopropyl group must have strong electron-repelling properties. In 
the disubstituted complexes, the effect of strain becomes obvious in 
reducing the stability of the complex. This is partially com- 
pensated in the dimethyl complex (K = 0-4 x 10°*) by the polar 
property of the methyl group. This compensatory effect is reduced 
in the diethyl and dipropyl complexes (K = 10-°) owing to the 
buffering action of the methylene groups. It is very significant 
that the diisopropyl complex (K = 10-7) is more stable than the 
dimethyl, again illustrating the stronger electron-repelling properties 
of the isopropyl group, compared with the other alkyl groups. 

This simple explanation of the varying stability of these com- 
plexes, which involves only two factors, ring strain and the direct 
transmission of a polar effect, indicates that the potentiometric 
method of studying these problems gives results which can be more 
readily interpreted than those obtained from conductivity studies. 
Although diisopropylmalonic acid is in many ways different from 
the n-acid, conductivity measurements show that the primary dis- 
sociation constants of these two acids are approximately the same. 
This is probably due to the free negative pole, formed when the first 
hydrogen ion dissociates, influencing the rest of the molecule to a 
much greater extent than the two isopropyl groups. 
3M 
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The interpretation of the conductivity data of the normal copper 
salt is also complicated by the possibility of the dissociation occur- 
ring in two steps. This matter has been already discussed (Ives 
and Riley, loc. cit.). It is interesting to note the greater dissociation 
constant of the diisopropyl copper salt compared with those of the 
other disubstituted copper salts, particularly in view of the greater 
co-ordinating tendency of the former. 


The authors express their thanks to the Royal Society, a grant 
from. whom partially covered the cost of this research, and to Dr. 
F. C. B, Marshall for the ditsopropylmalonic acid. 


ImPEeRIAL CoLLeEGE or SCIENCE AND TECHNOLOGY, 
South Kensineron, S.W. 7. [Received, March 30th, 1932.] 





237. Dynamic Isomerism involving Mobile Hydro- 
carbon Radicals.. Part IV. The Rearrangement 
of 3:5-Dichloro-substituted T'riphenylbenzenyl- 
amidines, 


By ArTraurn Witt1Am CuapmMaAN and CuHarLtes Harpy PeErrort. 


In Part III (J., 1930, 2462) the interconversion of a number of pairs 
of isomeric triarylamidines (I and II, where A and B are different 
aryl groups) was described, and a detailed view of the course of the 
rearrangement put forward. 


(L) PhOo<NAR == PRO<NG cL) 


In order to study a further series of compounds of the same type 
in which the effects of substitution on the velocity of rearrangement 
and on the position of equilibrium might be expected to be greater, 
the o-chloro-substituted amidines (A = Ph, B = o-chlorophenyl, and 
conversely) were first prepared, but they were found to be unsuitable 
owing to the occurrence of an alternative reaction at temperatures 
below that of isomeric change (see following paper). The complete 
series of 3 : 5-dichloro-substituted compounds (Ie, Ile, If IIf) was 
therefore synthesised, and the interconversion of the isomeric pairs 
studied at the standard temperature of 330—331° (corr.). 


(e) NPhiCPh-NPh-C,H,Cl, (Ie) —~ NPh,-CPh:N-C,H,Cl, (Ile), 


(CgH,Cl,):CPh-NPh-C,H,Cl, (If) => N(C,H,Cl,)_*CPh:NPh (If) 
A = C,H,Cl,; B = Ph. 
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The results obtained, together with those of the previous series, 

may be summarised as follows : 
%Tat (k+k’) 
Pair. Group A. Group B. equilibrium. x10. kx103. kx 10°. 

a 69 : , 4:3 

b 53 2- ; 1-05 

c -C 59 2-65 

d p- h 71 , 3-0 
eae 47 . 3 15 
f  3:5-C,H,Cl, Ph 77 : 

The effects of the introduction of the 3 : 5-dichlorophenyl group 
into the amidine molecule were in complete agreement with the 
requirements of the theory discussed in Part III (loc. cit.) and were 
considerably greater than those produced by the different substi- 
tuents of pairs a tod. The data for pairs a, c, and e, which differ 
only with respect to group B, show that the influence of this group 
in the system on the ease of molecular rearrangement is exerted 
almost entirely on one of the two opposed isomeric changes. Whilst 
the velocity constants (k’) for the change II —-> I vary widely from 
pair to pair, those (k) for the reverse change I —-> II are practically 
constant. It is therefore only the migration of a group to -NB that 
is affected by a change of group B, a fact which lends additional 
support to the view that the first and controlling step in the re- 
arrangement is the attraction of the lone electrons of the doubly 
bound nitrogen atom by the migrating group. 

The conclusion that in any one system the nature of the migrating 
group has little effect on the position of equilibrium was confirmed. 
Despite their wide divergence in mobility, the phenyl and the 3 : 5- 
dichlorophenyl group exerted, as migrating groups, no influence on 
the position of equilibrium outside the limits of experimental error. 

The reversible amidine rearrangement and the completed imino- 
ether change are qualitatively closely similar both in the conditions 


NB:CPh-OA —-> NAB’CPh‘O (where A and B are aryl groups) 


under which they take place and in the effects of substitution on the 
velocity of rearrangement. One interesting quantitative difference 
is, however, apparent. When in either system a migrating group A 
is replaced by another having a greater attraction for electrons (as 
measured by thé dissociation constant of the corresponding acid 
A-CO,H), the velocity of rearrangement is increased. Similar 
substitution in group B causes a retardation of the isomeric change. 
The relative values of the velocity constants for a number of imino- 
ethers are given in the following table and are calculated from the 
data already recorded (J., 1927, 1750). Being derived from only a 
few observations in each case, they are not of high accuracy, but 
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they are sufficiently exact to show clearly that in the imino-ether 
series the ratio in which the velocity constant is decreased by a given 
substitution on the nitrogen atom (group B), whilst somewhat less 
than that by which the value is increased by similar substitution in 
group A, is of the same order. 































Relative Values of the Velocity Constants of Rearrangement of 
Imino-ethers NB:CPh-OA (k for NPh:CPh-OPh taken as 


unity). 
Compounds NPh:CPh:OA Compounds NB:CPh:OPh 

(A varied, B = Ph). (A = Ph, B varied). 

Group A. k. Group B. k. 1/k. 
2:4-Dichloropheny] ......... 10-5 2:4-Dichlorophenyl... 0-32 31 
o-Chlorophenyl ............++. 4-6 o-Chloropheny! ......... 0°37 2-7 
m-Chlorophenyl  ........+++« 3-3 m-Chloropheny! _ ...... 0-50 2-0 
p-Chloropheny] .........+.++++ 1-9 p-Chloropheny! ......... 0-69 1-45 
ys : Eerie (Cer eme srr ree mr: (1-0) Lg | RUA SIH (1-0) (1-0) 
De ee 0-8 Mo ADIBYE 2 oyee ovaisinoceeere 1-4 0-7 


In the amidine series, however, the effect of substitution in group 
B (I and II) on the velocity of rearrangement is much less than that 
of similar substitution in the migrating group A, as shown in the next 
table, where p-chloropheny] is used as the basis of comparison. 





Substitution in the Migrating Substitution in Group B of 
Group. System (A = Ph). 
Relative Relative values of 
values of r — 
Group A. k+k’.* Group B. k+k’. 1/(k+k). 
PBR yh) ices ise ie teriddeden 0-13 p-Tobyl: isis .s.sdeie 1-4 0-7 
Sy eee ee 0-4 = = 
p-Chloropheny] ............ 1-0 p-Chloropheny] ...... 1-0 1-0 
3: 5-Dichloropheny! ...... 13-6 3:5-Dichlorophenyl 0-7 1-4 


* The values in this column are calculated from the relative mobilities 
compared with phenyl, the comparison in each case being made in the appro- 
priate system NA‘CPh:NPh (compare J., 1930, 2464). 


The differences in the second list are only slightly increased if k’ 
is substituted for k + k’. 

A possible explanation of this difference between the imino-ether 
and amidine systems is that the constraint exerted by the group B 
on the lone electrons of the attached nitrogen atom is partly com- 
pensated by an electromeric adjustment thus: ~ 




















A,N—CPh==NB~ AO—-CPh-— —NB” 
A \”A \A \A” 
Owing, however, to the greater tendency of nitrogen to pass into the 
“onium ” condition as compared with oxygen the compensation is 
more complete and the relative effect of any given change in B is 
therefore less pronounced in the amidines than in the imino-ethers. 
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MOBILE HYDROCARBON RADICALS. PART IV. 


EXPERIMENTAL, 


The amidines were all prepared from the appropriate anilideimino- 
chlorides and secondary amines by the method described in Part I 
(J., 1929, 2133). The secondary amines required were obtained from 
the corresponding primary amines and phenols through the imino- 
ethers (J., 1929, 569). 

Benzo-3 : 5-dichloroanilide, crystallised from alcohol, had m. p. 
147° (Found : Cl, 26-6. C,,H,ONCI, requires Cl, 26-7%); it yielded 
benzo-3 : 5-dichloroaniliderminochloride, m. p. 41°, b. p. 231—232°/ 
16—20 mm., on treatment with phosphorus pentachloride (Found : 
Cl, 37:25. C,,;H,NCI, requires Cl, 37-4%). 

N-3 : 5-Dichlorophenylbenziminophenyl ether crystallised from 
alcohol in thick plates, m. p. 69—70° (Found : Cl, 20-7. C,gH,,ONCI, 
requires Ci, 20-75%), and on{heating at 300—310° for 2 hours yielded 
benzoyl-3 : 5-dichlorodiphenylamine, m. p. 107—109° (Found: Cl, 
20-65%), from which 3 : 5-dichlorodiphenylamine, m. p. 41—42°, 
b. p. 222—224°/25 mm., was obtained by hydrolysis with alcoholic 
potash (Found : Cl, 29-7. C,,H,NCl, requires Cl, 29-8%). 

N-3 : 5-Dichlorophenylbenzimino-3 : 5-dichlorophenyl ether, crystal- 
lised from alcohol, had m. p. 71° (Found: Cl, 34:3. C,gH,,ONCI, 
requires Cl, 34-55%). 

Benzoyl-3 : 5 : 3’ : 5’-tetrachlorodiphenylamine crystallised in leaves, 
m. p. 135—136° (Found : Cl, 34-6%), and yielded on alkaline hydro- 
lysis 3:5: 3’ : 5’-tetrachlorodiphenylamine, crystals from alcohol, 
m. p. 160—161° (Found : Cl, 46-1. C,,H,NCl, requires Cl, 46-3%). 

NN’-Diphenyl-N-3 : 5-dichlorophenylbenzenylamidine (Ie), crystal- 
lised from alcohol, had m. p. 112° (Found: Cl, 17-1. C,3H,sN,Cl, 
requires Cl, 17-0%). 

N-Diphenyl-N’-3 : 5-dichlorophenylbenzenylamidine (Ile) crystal- 
lised in long yellow needles, m. p. 94—95° (Found: Cl, 17-1%). 
NN’-Di-(3 : 5-dichlorophenyl)-N-phenylbenzenylamidine (If) formed 
an almost colourless, crystalline powder, m. p. 95—97° (Found : 
Cl, 29-35. C,,H,,N,Cl, requires Cl, 29-25%). 

N-Di-(3 : 5-dichlorophenyl)-N’-phenylbenzenylamidine (IIf) crystal- 
lised in tiny plates, m. p. 131—132° (Found: Cl, 292%). For 
compounds (If) and (IIf) the condensation of iminochloride and 
amine was completed by heating for 2 hours at 160—170°. 

Dynamical Experiments.—The amidine (1-5 g.) was heated at 
330—331° for given times as described in Part III (Joc. cit., p. 2466). 
The procedure previously adopted for the analysis of mixtures of 
isomeric amidines was found to be unsuitable in the present case and 
considerable difficulties were encountered in devising another 
method. We wish to express our grateful thanks to Professor G. M. 
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Bennett for much helpful advice on this matter whilst one of us was 
temporarily absent. The method finally adopted was as follows: 
The heated material was hydrolysed with concentrated hydrochloric . 
acid for 6 hours at 200—230° in a sealed tube. The resulting mixture 
was made alkaline and distilled in steam until 150 c.c. of distillate 
had been collected which contained all the aniline and 3 : 5-dichloro- 
aniline together with a little diphenylamine. To this were added 
2N-sodium hydroxide (25 c.c.) and acetone (50 c.c.), all the amines 
then passing into solution, and the mixture was shaken with two 
successive portions of benzoyl chloride (each 1 c.c.). The benzoylated 
mixture was distilled in steam, the liquid being kept as nearly as 
possible constant in volume. The acetone was thus removed to- 
gether with any secondary amine from the original distillate. The 
mixed benzoylamines were filtered off, and their melting point deter- 
mined. Mixtures of aniline and 3: 5-dichloroaniline in known pro- 
portions were benzoylated under identical conditions and from the 
melting-point curve thus obtained the composition of each amidine 
mixture was determined. 


M. p.’s of mixed benzoylamines obtained by benzoylation of mixtures 
of aniline and 3 : 5-dichloroaniline. 
Mols.-% C,H,Cl,-NH, 100 915 174 65-7 610. 56-1 


NIG scnsmstnecdabecserors 147-5° 144-0° 135-5° 128-0° 123-5° 116-0° 
Mols.-% C,H,Cl,,NH, 556 498 43:2 316 24-6 0 
MPrabacsslausdble- co. 119-0° 124-5°  132-0° 142-5° 147-0° 160-0° 


The results of the dynamical experiments are in the following 
tables. Time is expressed in minutes, and logarithms to the base 10 
are used throughout. 


Conversion of (Ie) and (IIe) into equilibrium mizture at 330—331°. 
Mean value of k + k’ = 3-2 x 10-8. Equilibrium at 47% (Te). 
% , nneee (le) ~> (Tle), % J te il ea (le), Equilibrium 


Time. foun calc. cale. % (Ie). 
60 20 19 18-5 17 48 
120 29 31 28 28 49 

180 39 39 31 35 44-5 
200 42-5 41 36-5 36 46 


Conversion of (If) and (IIf) into equilibrium mixture at 330—331°. 
Mean value of k + k’ = 109 x 10°. Equilibrium at 77% (If). 
% a (If) —> (ITf), %, ne ig mn (1), a 
% (Hf). 


Time, found. cale. found A 
2 ll 9 29 ee 72-5 
3 12 12 40 41 77 
5 15 16°5 55 55 79 
6 19-5 18 . 59-5 60 76-5 
10 20-5 21 71-5 71 79 
15 21 22-5 77 75 79 


30 77 77 
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Conversion of (If) and (If) into equilibrium mixture at 310—311°. 
Mean value of k + k’ = 39-4 x 10-8. Equilibrium at 77% (If). 
% cr ut (If) —> {Tif), 7, Change (TIE) —> (If), Equilibrium 


Time. found calc. cale. % (If). 
10 16- 5 13-5 42-5 46 72 
25 21 20-5 69 69 76-5 
40 22 22-5 77 75 78 
60 23 23 77 76-5 77 


We wish to express our thanks to the Research Fund Committee 
of the Chemical Society for a grant to one of us (A. W. C.) that has 
defrayed part of the cost of this research. 


THe UNIVERSITY, SHEFFIELD. [Received, April 5th, 1932.] 





238. A Ring Closure Reaction in the Triarylamidine 
Series. A New Source of Disecondary ortho- 
Diamines. 


By ArtHur WILLIAM CHAPMAN and CHARLES Harpy PERRott. 


In the course of investigations upon the molecular rearrangement of 
substituted triarylbenzenylamidines (J., 1930, 2462; preceding 
paper) the three o-chloro-substituted compounds (I), (II), and (III) 
were prepared ; but it was not possible to study their interconversion, 
as another reaction occurred at a lower temperature. 


h C,H, Cl 
PhC<NPh-C,H,Cl PhO<N a c PAC ph-0,H,C1 
(L) (I). (I1.) 


When (I) was heated at temperatures of 200° and over it fused and 
in a few minutes began to solidify again, becoming finally a hard 
crystalline mass. The new compound did not melt at 300° and was 
readily soluble in water. Its aqueous solution contained chloride 
ions amounting, in a specimen heated at 267—269° for 30 minutes, 
to more than 96% of the chlorine of the original amidine. When the 
aqueous solution was rendered alkaline a new substance, m. p. 152°, 
was obtained which redissolved with some difficulty in concentrated 
hydrochloric acid. This was at first believed to be a carbazole deriv- 
ative (IV) formed by the condensation of the two aromatic nuclei on 
the one nitrogen atom, but analysis indicated that it was benzoyl- 
NN’-diphenyl-o-phenylenediamine (V1), and this constitution was 
established by hydrolysis of the compound to NN’-diphenyl-o- 
phenylenediamine (VII). The primary product of heating amidine 
(1) must therefore have been 1 : 2 : 3-triphenylbenziminazolium 
chloride (V) and the ready solubility of this compound in water com- 
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pared with the relatively slow solution of (VI) in concentrated hydro- 
chloric acid (when V is re-formed) are thus explained (compare Meyer 
and Jacobson, ‘‘ Lehrbuch der Organischen Chemie,” 1920, II, 3, 
489). 


ra S008. \NHPh _*- HPh 
Cp h < NBzPh a HPh 
NPh 
PhN: iP, (Iv.)  (V.) (VI.) (VII.) 


The dichloro-substituted amidine (IIT) also underwent ring closure, 
but more slowly, 90% of the calculated amount of chlorine becoming 
ionic after 2 hours at 267—-279°. The retardation was evidently due 
to the less basic character of the nitrogen atom caused by the intro- 
duction of the extra chlorine atom. 

Compound (II) was unchanged after heating at 267—269° for 
4 hour, but after } hour at 330—333° a small yield of (VI) was 
isolated from the product. Rearrangement of (II) into (I) evidently 
preceded ring closure. 

In view of the comparative ease with which the required triaryl- 
amidines may be prepared it seems likely that the ring closure 
reaction here described will furnish a convenient method for the 
preparation of substituted disecondary o-diamines of known con- 
stitution which might otherwise be only difficulty accessible. 








EXPERIMENTAL. 


The amidines were prepared from the corresponding anilide- 
iminochlorides and secondary amines by the method previously 
described (J., 1929, 2136). The substituted diphenylamines were 
obtained from the corresponding imino-ethers (J., 1929, 569). 

NN’-Diphenyl-N-o-chlorophenylbenzenylamidine (I) formed lemon- 
yellow crystals, m. p. 171°, from acetone—alcohol (Found: Cl, 92. 
C.5H,,N,Cl requires Cl, 9-3%). On hydrolysis with concentrated 
hydrochloric acid for 6 hours at 200—230° it yielded o-chlorodi- 
phenylamine and aniline, identified as their benzoyl derivatives, 
m. p. 95—96° and 159—161° respectively. 

N-Diphenyl-N’-o-chlorophenylbenzenylamidine (II) formed pale 
yellow crystals, m. p. 94,° from light petroleum or alcohol (Found: 
Cl, 9-15%). 

NN’-Di-o-chlorophenyl-N-phenylbenzenylamidine (111) was erystal- 
lised. from light petroleum, m. p. 142° (Found: Cl, 169. 
Cy5H,,N,Cl, requires Cl, 17:0%). The complete condensation of 
benz-o-chloroanilideiminochloride and o-chlorodiphénylamine re- 
quired 3 hours at 150°. 
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Condensation of benzanilideiminochloride and 2 : 2’-dichlorodi- 
phenylamine to yield N-di-o-chlorophenyl-N’-phenylbenzenylamid- 
ine was found to be difficult and attempts to prepare this amidine 
were abandoned when the ring closure reaction was discovered. 
The following new intermediate compounds were, however, obtained. 

N-o-Chlorophenylbenzimino-o-chlorophenyl ether, from  benz-o- 
chloroanilideiminochloride and o-chlorophenol, separated from 
alcohol in pale yellow crystals, m. p. 75—76° (Found: Cl, 20-65. 
C,g9H,,0NCI, requires Cl, 20-75%). 

Benzoyl-2 : 2'-dichlorodiphenylamine, m. p. 149° (Found: Cl, 
20-7%). 

2: 2’-Dichlorodiphenylamine, m. p. 30—31°, b. p. 200—202°/ 
27 mm. (Found: Cl, 29-3. C,,H,NCl, requires Cl, 29-8%). 

Numerous experiments were conducted on NWN’-diphenyl-N-o- 
chlorophenylbenzenylamidine (I), of which the following is typical. 
10 G. of the amidine were heated for 15 minutes at 300—305°, the 
hard mass of interlacing crystals of 1 : 2: 3-triphenylbenzimin- 
azolium chloride (V) was broken out of the tube and dissolved in hot 
water (150 c.c.), hydrochloric acid (10 c.c.) added, and the solution 
filtered from a little tarry matter and made alkaline with caustic 
potash; the copious white precipitate formed was washed with 
water and crystallised from alcohol, yielding 7-7 g. (81% of the calcul- 
ated amount) of benzoyl-NN’-diphenyl-o-phenylenediamine (V1) as 
colourless needles, m. p. 152° [Found : C (micro), 82-2; H (micro), 
56; N, 7-9. C,;H,.ON, requires C, 82-5; H, 5-5; N, 7:7%]. 

Hydrolysis of (V1) with alcoholic potash (compare J., 1929, 569) 
yielded NN’-diphenyl-o-phenylenediamine (m. p. 107—108°, not 
depressing the m. p. of an authentic specimen kindly provided for 
comparison by Professor C.8.Gibson. Acetyl derivative, m. p. 282° ; 
compare Clemo, Perkin, and Robinson, J., 1924, 125, 1781; Gibson 
and Johnson, J., 1928, 1988). 25 G. of amidine (I) yielded after 
heating, hydrolysis, and distillation under reduced pressure 11 g. of 
crude amine (m. p. 98° upwards) melting at 107—108° after repeated 
crystallisation from light petroleum. The crude amine was very 
sensitive to atmospheric oxidation. 

5 G. of NN’-di-o-chlorophenyl-N-phenylbenzenylamidine (IIT) 
were heated at 267—269° for 2 hours, in the course of which it set to 
& mass of crystals. The material was dissolved in water, the solution 
made alkaline, and the precipitate crystallised from alcohol, in which 
it was readily soluble, yielding 1-7 g. of benzoyl-N-phenyl-N’-o- 
chlorophenyl-o-phenylenediamine in crusts, m. p. 124—126° [Found 
(micro) : C, 75-3; H, 4-85. C©,;H,ON,Cl requires C, 75:3; H, 48%]. 
The mother-liquors yielded an uncrystallisable syrup. 

N ae sr yee ‘-o-chlorophenylbenzenylamidine (II) (5 g.) charred 
M , 
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badly when heated at 330° for an hour, but about 0-1 g. of benzoyl- 
NN’-diphenyl-o-phenylenediamine was obtained from the heated 
material by the process described above; m. p. 148°; mixed with 
specimen from compound (I), m. p. 148—152°. 

The microanalyses were performed by Dr. A. Schoeller. 
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We wish to express our thanks to the Research Fund Committee 
of the Chemical Society for a grant to one of us (A. W. C.) that has 
defrayed part of the cost of this investigation. 


THE Untiversiry, SHEFFIELD. [Received, April 5th, 1932.) 





239. Synthetical Studies in the Decalin Series. 
Part I. The Preparation of 9-Substituted Decalins. 


By Grorce Roger CiemMo and JoHN ORMSTON. 


THE work done on santonin (J., 1929, 2368; 1930, 1110, 2579), 
combined with the fact that many important complex terpenes, 
the sterols, and certain of the alkaloids are stated to have an alkyl 
group or & constituent of a ring attached to a carbon atom which is 
itself a common member of two ring systems such as (I), made it a 
matter of importance to investigate the synthesis of compounds of 
this type. The literature appeared not to contain any reference to 
synthetic work of this nature until Ruzicka and co-workers (Helv. 
Chim. Acta, 1931, 14, 1151), following a different line from our own, 
put on record work in this field. The first and simplest case de- 
scribed is the synthesis of 9-methyl-trans-decalin (IV) in which 


il 


Se ecirpocuns 
NA LN Naat 


OF ) (II.) (III. % (IV.) 


2-acetyl-1-methyl]-A1-cyclohexene (I) and malonic ester are condensed 
to give (III) and the reduction of this by Clemmensen’s method is 
claimed to give (IV). Oxidation of the diketo-compound (III) is 
stated to give the acid (V). 

We have endeavoured to obtain compounds of the type (I), 
starting from decalin itself. Nametkin and co-workers (Ber., 1926, 
59, 370; 1929, 62, 1570) have shown that the nitration of decalin 
gives 9-nitrodecalin, which on reduction gives the 9-amino-compound 
(see experimental part), and that this could be converted into 
A®:19_octalin by long boiling of its hydrochloride with aqueous 
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sodium nitrite. The octalin thus obtained is the same as that 
prepared by Hiickel and co-workers (Annalen, 1929, 474, 121), since 
it gives the same derivatives. There is little likelihood of its con- 
taining any of the undescribed A!:%-isomeride, since Hiickel (loc. 
cit.), in endeavouring to prepare this, always obtained the A®:1°. 
compound. Oxidation of A®:!-octalin by perbenzoic acid in chloro- 
form solution gave the corresponding oxide (VI). 


ae CH, 

fh 2 j 

(V.) tL) CO,H SO (VI.) 
\co,H 


CH, CO,Et CH. 
17) HC H-CH H,C( \CH’CH,*CO,Et 
(VII.) cr YC ¢ 2 2°CO,Et (vir) 
HQ. /CH CO i oH 
CH, CH, 


A®'1°_OQctalin readily adds hydrogen bromide or hydrogen iodide 
to give 9-bromo- or 9-iodo-decalin. Attempts were made to condense 
these compounds with ethyl sodio- and potassio-malonates, but in 
every case hydrogen halide was lost and the octalin regenerated. 
Asimilar result was obtained when potassium cyanide was used in an 
endeavour to replace the halogen by cyanogen. Further, these 
halogen derivatives gave no Grignard reagents. Likewise attempts 
to condense A®:©octalin dibromide with sodiomalonic ester gave 
only octalin and ethanetetracarboxylic ester. This result is analog- 
ous to the reaction between 1 : 2-dibromocyclohexane and sodio- 
malonic ester (Coffey, Rec. trav. chim., 1923, 42, 387). Coffey 
showed, however, that cyclohexene oxide and sodiomalonic ester 
condensed quite smoothly to give 1-carbethoxyhexahydroiso- 
coumaranone (VII). An attempt was therefore made to condense 
oetalin oxide (VI) with sodiomalonic ester, but without success. 
This agrees with the results of Traube and Lehmann (Ber., 1899, 32, 
720; 1901, 34,1971), who, presumably for steric reasons, could not 
condense sodiomalonic ester with tetrasubstituted ethylene oxides. 

The action of methylmagnesium iodide on A®*!°-octalin oxide 
(VI) gave a mixture whose components have not yet been separated 
and are still under investigation. 

The use of oxides in place of ketones in the Reformatsky reaction 
appears to be novel, and the reaction between cyclohexene oxide and 
ethyl bromoacetate was investigated in the first instance. The 
condensation proceeded smoothly, giving a compound which analysis 
indicated to be ethyl 2-hydroxycyclohexylacetate (VIII). The 
lactone of the latter has been prepared by Coffey from (VII). It 
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readily forms a hydrazide, m. p. 167-5°, and an amide, m. p. 154°. 
The compound obtained by us, however, which may be a trans. 
isomeride of (VIII), gave a hydrazide, m. p. 154°, but not an amide. 

There is a possibility that the cyclohexene oxide might first 
isomerise in the reaction to cyclohexanone (compare K6tz and Busch, 
J. pr. Chem., 1928, 119, 1, who found that A**4-p-menthene oxide 
with alcoholic hydrogen chloride gave menthone) and that this 
substance would then undergo the Reformatsky reaction to give 
ethyl 1-hydroxycyclohexylacetate (IX). This compound was pre- 
pared by Wallach and Isaacs (Annalen, 1906, 347, 328) and it has 
now been found to give a hydrazide, m. p. 103°. Still another 
possibility which is being examined is that the cyclohexene oxide 
may isomerise to give cyclopentanealdehyde (compare Bedos, Compt. 
rend., 1929, 189, 255), and this would then yield compound (X) by 
the molly tase reaction. 








ee 
CH—CH-CH,-CO,Et , 
(IX.) 0) CH, CO, Et 
es8 ca nag ee OH 
rhe mie 
R  CH,H 
CH, CO CH, OH, \ 4 
Ot H- C~-S0 
(XL) HC ne e—.s ne Ph> (XII) 
‘ Ws 
H,C CH, CH, CH, CH, 


In the light of the above, A®:19-octalin oxide was treated with 
zine and ethyl bromoacetate and two well-defined liquid fractions, 
A and B, were obtained. The lower-boiling A was 2-ketocyclo- 
hexane-spiro-cyclopentane (XI), a compound obtained from cyclo- 
pentanone-pinacol by Meiser (Ber., 1899, 32, 2055), and by Hiickel 
and co-workers by subjecting 9 : 10-dihydroxydecalin to a pinacol- 
pinacolin transformation. Evidently, therefore, under the very 
mild conditions used in the Reformatsky reaction the compound 
(V1) is partly changed to (XI), presumably via the pinacol-pinacolin 
transformation. This result is the more interesting in view of the 
fact that Tiffeneau and collaborators (Bull. Soc. chim., 1931, 49, 
1595) have shown that compounds of the ethylene oxide type can 
isomerise in a variety of ways, and, in particular, the compound 
(XII, R = H or Me) can transform to (XIII). This facile change of 
(VI) to (XI) prompts the suggestion that certain of the more complex 
compounds such as cholesterol may have spiro-structures, at any 
rate in part, in place of some of the unusual ring systems ascribed to 
them to-day. Thus it is stated (Ann. Reports, 1931, 141) that 
Wieland’s ring system for cholesterol (XIV) needs modifying so that 
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rings I and IV become seven-membered. This seems most unlikely. 
Further it appears possible that spiran compounds such as (XI) 
might, by drastic and prolonged dehydrogenation by sulphur or 
selenium at 280—340°, form aromatic compounds, in this case 
naphthalene. Both these points are being investigated. 


R H 
\Z 43 
(XIIT.) C Oe (XIV.) 


H,C’ \CH, . 


H,C—CPh-CHO 





CH,°CO,Et 
CH,: 
(XV.) Ly WJ 0] , (XVI.) 
OH 


The fraction B was an ester, giving the correct analytical results 
for (XV) and forming a crystalline hydrazide, m. p. 122°. On 
hydrolysis it gave an acid which, however, has not yet been induced 
to crystallise. Since some of the ketone (XI) is formed in the 
reaction, it was thought that B might have been derived from it and 
have the structure (XVI). With a view to deciding between these 
two possibilities, (XVI), which should be resolvable, was prepared 
directly from (XI). It gave a low-melting non-crystallising hydr- 
azide, in marked contrast with the highly crystalline hydrazide 
from B. 

Finally an attempt was made to confirm the structure (XV) for 
the ester B by dehydrogenating it with selenium: although this 
reaction did not give a homogeneous product, sufficient naphthalene 
for identification was isolated from 1-5 g. of B. Amongst the other 
products of dehydrogenation was a trace of a high-boiling hydro- 
carbon, C,,H,5, m. p. 142—143° (this compound does not appear to 
be recorded in the literature), and a powerfully smelling liquid 
(picrate, m. p. 140—141°, depressed to 139° by admixture with 1- 
methylnaphthalene picrate), whose nature hasnot yet beenelucidated. 

This work is being actively extended. 


EXPERIMENTAL. 
9-Aminodecalin.—Into zinc dust (100 g.) and water (100 c.c.), 
heated under reflux on the water-bath, 9-nitrodecalin (60 g.) in 
acetic acid (120 c.c.) was run during 1 hour with vigorous stirring. 
After 2 hours, the liquid was made alkaline and steam-distilled, 
giving 9-aminodecalin (37 g.), b. p. 92°/12 mm. The benzoyl 
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derivative melted at 148° (Found : N, 5-8. ° Cale. for C,,H,,ON : N, 
55%). 

When 9-aminodecalin was treated with nitrous fumes in the cold, 
a compound was obtained, m. p. 243° (decomp.), which gave Lieber- 
mann’s nitroso-reaction (Found: ©, 55:4; H, 9-5; N, 13-1, 
C,9H,,N,HNO, requires C, 55-55; H, 9-25; N, 13-0%). 

9-Bromodecalin.—Hydrogen bromide was passed into a solution 
of A®*!°.octalin (6 g.) in light petroleum (b. p. 40—60°) at 0° The 
residue after removal of the solvent distilled at 80°/0-3 mm. (8-1 g.) 
and solidified on cooling ; m. p. 29—30° (Found: Br, 37-1. C, 9H,,Br 
requires Br, 36-9%). 

9-Iododecalin, prepared similarly from octalin and hydrogen 
iodide, had b. p. 100°/0-2 mm. and was too unstable to give accurate 
analytical data. 

Reaction between 9 : 10-Dibromodecalin and Ethyl Sodiomalonate.— 
The sodio-derivative (sodium 0-2 g., alcohol 3 c.c., malonic ester 
1-4 g.) was heated on the water-bath with the dibromide (1-4 g.) in 
benzene (12 c.c.) for 5 hours. The liquid was then washed with 
water, separated, and dried, and the solvent removed. On distill- 
ation octalin passed over at 72°/14 mm., leaving a residue of ethyl 
ethanetetracarboxylate, m. p. 74°. 

A®'10.Qctalin Oxide (V1).—Octalin (6 g.), when treated with 
perbenzoic acid as described by Nametkin and also by Hiickel, gave 
5°8 g. of the oxide, b. p. 84°/12 mm. 

The Action of Zinc and Ethyl Bromoacetate on cycloHexene Oxide.— 
cycloHexene oxide (8-5 g.) (“ Organic Syntheses,” Vol. 5, p. 33), 
bromoacetic ester (15 g.), and zinc wool (6 g.) were heated in benzene 
(30 c.c.) on the water-bath for 4 hours. The benzene solution was 
then decanted, the residual zinc washed with benzene, and the cold 
united liquids shaken with dilute sulphuric acid. The benzene layer, 
dried and fractionated, yielded 4-1 g., b. p. 114°/13 mm. (Found: 
C, 64-4; H, 9-7. Cy )H,,0, requires C, 64-5; H, 9-7%). The ester, 
heated on the water-bath with hydrazine hydrate (90—95%) for 
a few minutes, gave the hydrazide, which crystallised from water in 
needles, m. p. 154° [Found : C, 55-2; H, 9-3; N, 16:5; M (Rast), 
178. C,H,,0,N, requires C, 55:8; H, 9:3; N, 163%; M, 172}. 

The hydrazide of 1-hydroxycyclohexylacetic acid forms plates, 
m. p. 103° (Found: N, 16-8. C,H,,0,N, requires N, 16-3%). 

The Action of Ethyl Bromoacetate and Zinc on A®*°-Octalin Oxide.— 
The oxide (6 g.), bromoacetic ester (8 g.), and zine wool (3-5 g.) in 
dry benzene (30 c.c.) were heated in the water-bath for 6—7 hours 
and the product was worked up as described in the previous experi- 
ment. Fractionation after removal of the solvent gave 2 g. of 2- 
ketocyclohexane-spiro-cyclopentane (XI), b. p. 95°/14 mm. (Found: 
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C, 78-9; H, 10-9. Cale. for C,)H,,0: C, 78-95; H, 10-5%), and 
3 g. of B (XV), b. p. 125°/0-1 mm. (Found: C, 70-1; H, 9-65. 
C,,H,,O3 requires C, 70-0; H, 100%). ‘The ester (XV) is a viscous 
liquid with a peculiar sweetish smell. When it is mixed with 
hydrazine hydrate (90—95%), a hydrazide is obtained after 1 day; 
this forms prisms, m. p, 122°, from ether [Found: C, 63-4; H, 
9-95; N, 12-4; M (Rast), 219. C,,H,,0,N, requires C, 63-7; H, 
9-7; N, 126%; M, 226]. 

The Action of Ethyl Bromoacetate and Zinc on 2-Ketocyclohexane- 
spiro-cyclopentane (XI).—The ketone (XI) (1:5 g.), bromoacetic 
ester (2 g.), and zine wool (1 g.) were heated in benzene (7 c.c.) for 
5 hours. The usual procedure then gave (1) 0-5 g. of unchanged 
ketone, b. p. 80—100°/12 mm., and (2) 0-7 g., b. p. 135°/0-25 mm. 
(Found: C, 70-5; H, 10-1. C©,,H,,0, requires C, 70-0; H, 10-0%). 
The latter when treated with hydrazine hydrate gave a solid hydr- 
azide only after standing for 2 weeks. 

Dehydrogenation of (XV) with Seleniwm.—The ester (XV) (1-5 g.) 
and powdered selenium (3 g.) were heated at 280—290° for 24 hours 
and then at 330—340° for 8—10 hours. The product was extracted 
four times with light petroleum (b. p. 40—60°), and the extract 
refluxed for $ hour over sodium. Distillation then gave a liquid 
(0-25 g.), b. p. 110°/17 mm., and a small quantity of a higher-boiling 
substance. The first portion was refractionated over sodium into 
approximately equal head and tail fractions. The head fraction 
solidified to a buttery mass, which was pressed on a porous plate 
and recrystallised from methyl alcohol and water (4:1); it then 
melted at 79—80°, alone or mixed with naphthalene (the styphnates 
also were identical). 

The small amount of high-boiling substance formed in light 
petroleum (b. p. 40—60°) a blue fluorescent solution, from which 
colourless crystals separated, m. p. 142—143° (Found: C, 94-5; 
H, 56. C,,H,, requires C, 94-7; H, 53%). 


Our thanks are due to the Chemical Society for a grant which has 
defrayed the cost of some of the research materials used, and to 
Mr. C. R. 8. Tenniswood, M.Sc., for carrying out the analyses re- 
corded. One of us (J. O.) desires to thank the Durham County 
Education Committee for a Senior Exhibition which has enabled him 
to take part in this investigation. 
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240. Syntheses of Alkylphenanthrenes. Part II. 
Pimanthrene, 1:4: 7-Trimethylphenanthrene, 
Retene, and 1:4- Dimethyl -7 -isopropylphen - 
anthrene. 


By Rosert Downs Haworts, Barnet Mark Letsky, and Crom, 
Rosert Mavin. 


THE structure of the hydrocarbon retene has an important bearing 
on the constitution of abietic acid, from which it is obtained by 
heating with sulphur (Vesterberg, Ber., 1903, 36, 4200). The work 
of Bucher (J. Amer. Chem. Soc., 1910, 32, 374) and Ruzicka, Schinz, 
and Meyer (Helv. Chim. Acta, 1923, 6, 1077) leads to the conclusion 
that retene is 1-methyl-7-isopropylphenanthrene. Pimanthrene 
was first obtained by Ruzicka and Ballas (Helv. Chim. Acta, 1923, 
6, 677; 1924, 7, 875) by dehydrogenating d-pimaric acid with 
sulphur. Later (ibid., 1926, 9, 962; 1930, 13, 1402; Amnalen, 
1929, 469, 147) the same hydrocarbon was prepared by the action of 
sulphur or selenium on the acids of copal resin. Pimanthrene was 
shown to be | : 7-dimethylphenanthrene by oxidation with alkaline 
potassium ferricyanide (Ruzicka, Graaf, and Hosking, Helv. Chim. 
Acta, 1931, 14, 233) to phenanthrene-1 : 7-dicarboxylic acid, the 
constitution of which was established by the formation of the same 
acid during the oxidation of retene. Pimanthrene and retene have 
now been synthesised from $-methyl- and £-isopropyl-naphthalene 
respectively. 

8-Methylnaphthalene reacted with succinic anhydride in the 
presence of anhydrous aluminium chloride to yield §-(6-methyl-2- 
naphthoyl) propionic acid (I ; R = Me), along with other acids which 
have not been investigated. The constitution assigned to this acid 
has been arrived at in the following way. First, it was converted 
into 2-methylphenanthrene by a series of reactions similar to those 
described previously (this vol., p. 1125) and the succinic anhydride 
must therefore have reacted in position 1 or 2. A complete proof 
of the structure of the acid (I; R = Me) was obtained from experi- 
ments which aimed at oxidation to the corresponding naphthalene- 
dicarboxylic acid, and alkaline potassium ferricyanide was selected 
for this purpose, as Weissgerber and Kruber (Ber., 1919, 52, 352) 
employed this reagent for oxidation of 1 : 6-dimethylnaphthalene. 
However, when the keto-acid (I; R = Me) was oxidised with a 
quantity of potassium ferricyanide corresponding to thirty atomic 
proportions of oxygen, it was converted into 6-methyl-2-naphthoic 
acid, which was identical with the acid obtained by hydrolysis of 
2-cyano-6-methylnaphthalene, produced in small yield when sodium 
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6-methylnaphthalene-2-sulphonate (Dzieworiski, Schoenéwna, and 
Waldmann, Ber., 1925, 58, 1212) was distilled with potassium ferro- 
cyanide. 6-Methyl-2-naphthoic acid was oxidised by excess of 
potassium ferricyanide in alkaline solution to naphthalene-2 : 6- 
dicarboxylic acid. 


R 
(I) CO occ, 00,8 
HMe 
0 CH, (III.) 
(II.) (CMe:CH-CH,-CO,H H, 


8-(6-Methyl-2-naphthoyl)propionic acid (I; R = Me) was con- 
verted into the methyl ester, which reacted with methylmagnesium 
iodide to yield y-(6-methyl-2-naphthyl)-A*-pentenoic acid (IL; KR = 
Me). This acid was reduced by phosphorus and hydriodic acid 
to y-(6-methyl-2-naphthyl)valeric acid, which was converted into 
4-keto-1 : 7-dimethyl-1 : 2: 3 : 4-tetrahydrophenanthrene (III; R = 
Me) by means of sulphuric acid. This ketone was reduced by 
Clemmensen’s method and the product was dehydrogenated with 
selenium to yield 1: 7-dimethylphenanthrene. The hydrocarbon, 
picrate, styphnate, quinone, and quinoxaline agree in properties 
with those of pimanthrene and its derivatives described by Ruzicka 
and Ballas (loc. cit.). 

During the conversion of d-pimaric acid into pimanthrene, an 
isopropyl group, presumably attached to one of the angular positions, 
is eliminated, and (IV), (V), and (VI), which neglect the position 
of the two ethylenic linkages, are the only formule consistent with 
the isoprene rule and the chemistry of d-pimaric acid. A determin- 
ation of the structure of methylpimanthrene obtained by Ruzicka 
and Ballas (Helv. Chim. Acta, 1924, 7, 818) from d-pimaric acid would 
enable a decision to be made between the three structures, because the 
third methyl group in this hydrocarbon has been derived from and 
occupies the same position as the carboxyl group in the resin acid. 


oe CHMe, CO,H 
“Y) 
OO /CHMe, 
Me,CH vane 
(IV.) (V.) (VI.) 


1:4: 7-Trimethylphenanthrene has been prepared by dehydration 
and dehydrogenation of the product of the action of methylmag- 
nesium iodide on the ketone (III; R = Me), but its properties do 
not correspond with those of methylpimanthrene obtained from 
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d-pimaric acid. Structure (V) is therefore excluded and d-pimaric 
acid must have formula (IV) or (VI), and we are engaged in the 
synthesis of 1 : 2: 7- and 1:6: 7-trimethylphenanthrene: Further, 
1:4: 7-trimethylphenanthrene does not agree in properties with 
the methylpimanthrene obtained from isoagathic dicarboxylic acid 
(Ruzicka and Hosking, Helv. Chim. Acta, 1931, 14, 203). 

Some difficulty was experienced in the preparation of 6-tsopropyl- 
naphthalene which was required for the synthesis of retene. Accord- 
ing to Roux (Bull. Soc. chim., 1884, 41, 379; Ann. Chim. Phys., 
1887, 12, 313; see also Bargellini and Melacini, Atti R. Accad. 
Lincei, 1908, 17, 26) n-propyl bromide condenses with naphthalene 
in the presence of a small quantity of aluminium chloride to give 
8-isopropylnaphthalene, and we have obtained a liquid hydrocarbon 
(A) by this reaction. The hydrocarbon reacted with succinic 
anhydride, giving a crystalline acid, C,,H,,0,, m. p. 148°, along 
with inseparable acids. When isopropyl bromide was condensed 
with naphthalene, a liquid hydrocarbon (B) was obtained which 
gave a picrate melting a few degrees higher than that prepared 
from hydrocarbon (A), but no appreciable depression in melting 
point was observed with a mixture of the two picrates. However, 
hydrocarbon (B) reacted with succinic anhydride to give a mixture 
of acids, from which a crystalline keto-acid, C,,H,,0,, m. p. 159°, 
was isolated, which differed from the isomeric acid obtained from 
hydrocarbon (A). In view of this anomaly it was obviously desir- 
able to prepare 8-isopropylnaphthalene by a method which estab- 
lished its structure. This was done by reducing 8-isopropenylnaph- 
thalene, prepared from 2-naphthyl methyl ketone by Grignard’s 
method (Bull. Soc. chim., 1901, 25, 498), with phosphorus and 
hydriodic acid. The ethylene derivative polymerised readily in 
these circumstances, but a small quantity of 8-isopropylnaphthalene 
was obtained, which, condensed with succinic anhydride, yielded a 
keto-acid, m. p. 159°, identical with the acid obtained from hydro- 
carbon (B). The §-isopropylnaphthalene employed in the following 
synthetical experiments was therefore prepared from naphthalene 
and isopropyl bromide. The hydrocarbon (A) has not been fully 
investigated. It probably contains a large quantity of #-propyl- 
naphthalene, and analogy suggests the keto-acid to be 8-(6-propyl- 
2-naphthoyl) propionic acid. 


Me, Me,CH. 
(VIII) 


(VIL) Me e 
Me Me Se. 
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The keto-acid, m. p. 159°, prepared from succinic anhydride and 
8-isopropylnaphthalene has been proved to be §-(6-isopropyl-2- 
muphthoyl)propionic acid (1; R=CHMe,) by oxidation with 
potassium ferricyanide in alkaline solution to 6-isopropyl-2-naphthoic 
acid, further oxidation of which yielded naphthalene-2 : 6-dicarb- 
oxylic acid. The methyl ester of the keto-acid (I; R = CHMe,) 
was converted successively into y+-(6-isopropyl-2-naphthyl)-A*- 
pentenoic acid (Il; R-=CHMe,), 4-keto-1-methyl-7-isopropyl- 
1:2:3: 4-tetrahydrophenanthrene (III; R = CHMe,), and 1-methyl- 
7-isopropylphenanthrene by processes similar to those described 
above in the synthesis of pimanthrene. 1-Methyl-7-isopropylphen- 
anthrene gave no depression in melting point with a specimen of 
retene obtained from abietic acid, and the picrate, styphnate, 
quinone, and quinoxaline were identical with the corresponding 
retene derivatives. 

In view of the recent work of Ruzicka, Goldberg, Huiser, and 
Seidel (Helv. Chim. Acta, 1931, 14, 545) the structure for abietic 
acid has been reduced to two possible formule (VII) and (VIII) 
containing two double bonds, and a determination of the structure 
of methylretene (Ruzicka and Meyer, ibid., 1922, 5, 581), in which 
the second methyl group is derived from the carboxyl group in 
abietic acid, will enable a decision to be made between these two 
formule. 1 : 4-Dimethyl-7-isopropylphenanthrene has been pre- 
pared by dehydrating and dehydrogenating the product obtained 
by the action of methylmagnesium iodide on the ketone (III; 
R = CHMe,). The hydrocarbon does not correspond in properties 
with methylretene obtained from abietic acid. This synthesis 
excludes formula (VII) for abietic acid and we are engaged in the 
synthesis of 1 : 2- and 1 : 3-dimethyl-7-isopropylphenanthrenes. 


EXPERIMENTAL. 

8-(6- Methyi-2-naphthoyl)propionic Acid (I; R = Me).—$-Methyl- 
naphthalene (14 g.) and succinic anhydride (10 g.) were added to 
a cold solution of aluminium chloride (26 g.) in nitrobenzene (100 c.c.). 
After 24 hours, the mixture was acidified and steam-distilled, and 
the residue cooled. The solid acids were crystallised from glacial 
acetic acid and then from methyl alcohol. The acid (I; R = Me) 
(19 g.) was obtained in colourless plates, m. p. 162° (Found : — 
238. C,,H,,0, requires equiv., 242). 

The methyl ester, b. p. 210—212°/12 mm., prepared by the action 
of methyl-aleoholic hydrogen chloride on the acid, crystallised from 
methyl aleohol in colourless prisms, m. p. 82—83° (Found : C, 74-9; 
H, 6-3. C,,H,,0, requires C, 75-0; H, 63%). y-(6-Methyl-2- 
naphthyl)butyric acid, obtained by reducing the acid by Clemmen- 
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sen’s method, crystallised from methyl alcohol in colourless plates, 
m. p. 111—112° (Found: C, 78-6; H, 7-2. C,,H,,0, requires 
C, 78-9; H, 7-0%). This acid (2 g.), heated on the water-bath for 
+ hour with concentrated sulphuric acid (6 c.c.) and water (2 c.c.), 
was converted into 4-keto-7-methyl-1 : 2: 3 : 4-tetrahydrophenan- 
threne, which crystallised from light petroleum (b. p. 40—60°) in 
colourless prisms, m. p. 62—63° (Found : C, 85-7; H, 6-7. © ,,;H,,0 
requires C, 85-7; H, 66%). This ketone was reduced with amal- 
gamated zinc and concentrated hydrochloric acid, and the product 
dehydrogenated with selenium; 2-methylphenanthrene, m. p. 55°, 
was obtained and identified by comparison with a specimen obtained 
by the method previously described (this vol., p. 1133). 
6-Methyl-2-naphthoie Acid._{a) The acid (I; R = Me) (2:4 g.) 
was warmed on the water-bath with a solution of potassium hydr- 
oxide (30 g.) and potassium ferricyanide (150 g.) in water (200 c.c.) 
for 24 hours. Further quantities of ferricyanide (54 g.) and potas- 
sium hydroxide (8 g.) were then added and the mixture was heated 
for another 24 hours. The solution was cooled, acidified, and 
saturated with ether, and the inorganic material collected and washed 
with ether. The filtrate was extracted thoroughly with ether, the 
extract dried, and the solvent removed. (b) Sodium 6-methyl- 
naphthalene-2-sulphonate (6 g.) and dry potassium ferrocyanide 
(10 g.) were mixed and heated strongly in a metal retort. The 
2-cyano-6-methylnaphthalene (0-2 g.) which sublimed was hydro- 
lysed with boiling acetic acid (6 c.c.) and concentrated hydrochloric 
acid (6 c.c.) for 12 hours. The solution was diluted with water, and 
the product collected. In both cases, (a) and (b), the product was 
crystallised from methyl alcohol or aqueous acetic acid, 6-methyl-2- 
naphthoic acid, m. p. 225—227°, being obtained as a micro-crystalline 
powder (Found : equiv., 190. C,,H,,O, requires equiv., 186). The 
methyl ester, prepared from diazomethane and the acid in ether, 
crystallised from methyl alcohol in colourless needles, m. p. 116— 
117° (Found: C, 77-6; H, 6-3. C,,3H,,0, requires C, 78-0; H, 6-0%). 
Methyl Naphthalene-2 : 6-dicarboxylate—6-Methyl]-2-naphthoic 
acid (0-9 g.) was heated for 60 hours with a solution of potassium 
ferricyanide (54 g.) and potassium hydroxide (8 g.) in water (250 
e.c.). The product, isolated as described above in the form of an 
amorphous powder, was esterified with diazomethane in ethereal 
solution. The excess of diazomethane was removed by shaking 
with dilute sulphuric acid and the ethereal solution was washed 
with sodium carbonate solution, dried, and evaporated. The 
residue (0-3 g.) crystallised from methy] alcohol in colourless plates, 
m. p. 188° (Kaufler and Thien, Ber., 1907, 40, 3258, give 191° corr.) 
(Found : C, 68-6; H, 5-0. Cale. for C,4H,,0,: C, 68-8; H, 49%). 
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y-(6-Methyl-2-naphthyl)-A®-pentenoic Acid (II; R = Me).—Methyl 
8-(6-methyl-2-naphthoyl)propionate (26 g.) in benzene (100 c.c.) 
was treated with a solution of methylmagnesium iodide prepared 
from magnesium (3-6 g.) and methyl iodide (21-5 g.) in ether (50 
c.c.). After boiling for 2 hours, the product was decomposed with 
dilute sulphuric acid, and the benzene layer extracted several times 
with dilute sodium carbonate solution. Acidification liberated the 
acid (Il; R = Me) (22 g.), which crystallised from acetic acid or 
methyl alcohol in colourless plates (18 g.), m. p. 143—144° (Found : 
C, 79-5; H, 6-9. C,,H,,0, requires C, 80-0; H, 6-7%). 

4-Keto-1 : 7-dimethyl-1 : 2 : 3 : 4-tetrahydrophenanthrene (III; R = 
Me).—The acid (II; R = Me) (9 g.) was boiled for 5 hours with red 
phosphorus (9 g.) and hydriodic acid (d 1-7; 45 c.c.), diluted, and 
cooled, the liquid decanted, and the residue extracted with dilute 
sodium hydroxide solution. The alkaline extract was acidified, 
the acid extracted with ether and dried, and the solvent removed. 
The residual oil (7 g.) was warmed on the water-bath for 1 hour 
with concentrated sulphuric acid (21 ¢.c.) and water (7 c.c.), diluted, 
and extracted with ether. The extract was washed with water and 
then with aqueous ammonia, dried, and distilled. The ketone 
(III; R = Me), b. p. 190—192°/0-4 mm., did not solidify. The 
semicarbazone crystallised from alcohol in colourless nodules, m. p. 
206—208° (Found: C, 72-8; H, 6-9. C,,H,,ON, requires C, 72-6; 
H, 6-8%). 

1 : 7-Dimethylphenanthrene.—The ketone (III; R = Me) (2 g.) 
was reduced by boiling with amalgamated zinc (10 g.) and concen- 
trated hydrochloric acid (15 c.c.) for 12 hours. The product, isolated 
with ether, was dehydrogenated with selenium (3 g.) at 300—340° 
for 30 hours. The selenium was extracted several times with light 
petroleum (b. p. 40—60°), the solvent removed, the residue distilled 
over sodium under reduced pressure, and the distillate (1-1 g.) 
crystallised twice from alcohol; 1 : 7-dimethylphenanthrene separ- 
ated in plates, m. p. 85—86° (Found: C, 93-0; H, 6-8. Cale. for 
C,,H,,: C, 93-2; H, 68%). The picrate crystallised from methyl 
alcohol in yellow needles, m. p. 132° (Found: N, 9-9. Calc. : 
N, 9-7%), the styphnate in yellow needles, m. p. 159° (Found: N, 
95. Cale.: N, 9-3%), the quinone from ethyl alcohol in orange 
plates, m. p. 165° (Found: C, 81:2; H, 5-2. Calc.: C, 81-4; H, 
5:1%), the quinoxaline from acetic acid in pale buff needles, m. p. 
192° (Found : N, 9-2. Cale.: N, 91%). Ruzicka and. Ballas (loc. 
cit.) give 86°, 131°, 159°, 166°, and 194° as the m. p.’s of pimanthrene, 
its picrate, styphnate, quinone, and quinoxaline respectively. 

1:4: 7-Trimethylphenanthrene.—The ketone (III; R = Me) (3 g.) 
was treated with methylmagnesium iodide from magnesium (0-4 g.), 
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methyl iodide (2-5 g.), and ether (30 c.c.). After boiling for 3 hours, 
the mixture was decomposed with dilute sulphuric acid, the product 
distilled at 0-4 mm., and the distillate (3 g.) dehydrogenated with 
selenium (4 g.) at 300—340° for 30 hours. 1 : 4: 7-T7'rimethylphenan- 
threne crystallised from alcohol in colourless slender prisms, m. p, 
72—73° (Found: C, 92-5; H, 7:3. C,,H,, requires C, 92-7; H, 
73%). The picrate crystallised from methyl alcohol in orange 
needles, m. p. 141—-142° (Found: C, 61-5; H, 4-4. C,3H,,0,N, 
requires C, 61-5; H, 4:3%), the styphnate in yellow needles, m. p, 
129—130° (Found : C, 59-4; H, 44. C,,3H,,0,N, requires C, 59-4; 
H, 4-1%), the quinone from ethyl alcohol in orange prisms, m. p. 
170—171° (Found: C, 81:3; H, 5-5. C,,H,,0, requires C, 81-6; 
H, 56%), and the quinoxaline from alcohol in cream-coloured 
needles, m. p. 140—141° (Found: N, 8-6. C,,;H,,N, requires N, 

, 8-7%). 

Condensation of (a) isoPropyl Bromide and (b) n-Propyl Bromide 
with Naphthalene.—(a) isoPropyl bromide (250 g.) and naphthalene 
(375 g.) were heated on the water-bath during the gradual addition 
of aluminium chloride (40 g.). The heating was continued for 6 
hours, and the product decomposed with dilute hydrochloric acid, 
extracted with benzene, dried, and fractionated. -isoPropylnaph- 
thalene (200 g.), b. p. 130——135°/12 mm., was obtained ; the picrate 
separated from methyl alcohol in yellow needles, m. p. 93—95° 
(Found: N, 10-7. Cale.: N, 10-5%). 

(b) x-Propyl bromide and naphthalene condensed as described in 
(a) to yield a hydrocarbon, b. p. 130—135°/12 mm.; the picrate 
crystallised from methy! alcohol in yellow needles, m. p. 89—90° 
(Found: N, 10-6. Cale. for CygH,,0,N,: N, 105%). This 
hydrocarbon, condensed with succinic anhydride as described 
below in the case of acid (I; R = CHMe,), yielded an acid, probably 
8-(6-propyl-2-naphthoyl)propionic acid, which crystallised from 
glacial acetic acid in colourless needles, m. p. 147—148° (Found: 
C, 75-5; H, 6-9. C,,H,,0, requires C, 75-6; H, 6-6%). A mixture 
of this acid and acid (I; R = CHMe,) melted at 130—140°. 

B-(6-isoPropyl-2-naphthoyl)propionic Acid (I; R = CHMe,).—The 
crude product obtained from {-isopropylnaphthalene (34 g.) as 
described previously in the case of the acid (I; R = Me) (p. 1787) 
was mixed with a little ether; the solid obtained crystallised from 
glacial acetic acid in colourless needles (15 g.), m. p. 159° (Found : 
C, 75-5; H, 6-7. C,,H,,0, requires C, 75-6; H, 6-6%). This acid 
was also obtained by condensing the small quantity of p- isopropyl- 
naphthalene prepared from $-isopropenylnaphthalene with succinic 

anhydride. The methyl ester prepared by the action of methyl- 
alcoholic hydrogen chloride, crystallised from methyl alcohol in 
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colourless prisms, m. p. 81—82° (Found : C, 75-9; H, 7-2. C,H 4,0, 
requires C, 76-1; H, 7-0%). 

6-isoPropyl-2-naphthoic acid was obtained as an amorphous 
powder (1-5 g.) by oxidising the acid (I; R = CHMe,) (2-4 g.) with 
potassium ferricyanide (250 g.) and potassium hydroxide (48 g.) 
for 24 hours as described in the preparation of 6-methyl-2-naphthoic 
acid (p. 1788); the methyl ester crystallised from methyl alcohol in 
colourless plates, m. p. 109—110° (Found: C, 78-7; H, 6-8. 
C,5H,,0, requires C, 78-9; H, 70%). 6-isoPropyl-2-naphthoic 
acid was oxidised to naphthalene-2 : 6-dicarboxylic acid, which was 
identified by means of its dimethyl ester, m. p. 188—189°. 

y-(6-isoPropyl-2-naphthyl)-A*-pentenoic acid (II; R = CHMe,), 
prepared in 50% yield from methyl §-(6-isopropyl-2-naphthoy]l)- 
propionate, was crystallised from glacial acetic acid and then from 
methyl alcohol; colourless leaflets, m. p. 144°, were obtained 
(Found: C, 80-4; H, 7-6. C,,H,,0, requires C, 80-6; H, 7-4%). 

4-Keto-1-methyl-7-isopropyl-1 : 2 : 3 :.4-tetrahydrophenanthrene (IL ; 
R = CHMe,).—The acid (Il; R= CHMe,) was reduced with 
phosphorus and hydriodic acid. The keto-compound (III; R= 
CHMe,), b. p. 180—185°/0-5 mm.., crystallised from light petroleum 
(b. p. 40—60°) in colourless rhombic plates, m. p. 71—72° (Found : 
C, 85-4; H, 7-8. C,,H,.O requires C, 85-7; H, 8-0%). 

1-Methyl-7-isopropylphenanthrene.—The cyclic ketone (III; R = 
CHMe,) (3 g.) was reduced in the usual manner, and the product 
(3 g.) distilled at 0-5 mm., and dehydrogenated with selenium (5 g.) 
at 300—340° for 30 hours. 1-Methyl-7-isopropylphenanthrene, 
isolated with light petroleum (b. p. 40—60°), and purified by- 
distillation over sodium under reduced pressure, crystallised from 
alcohol in colourless plates, m. p. 98—99° (Found: C, 92-5; H, 
7-9. Cale.: C, 92-3; H, 7-7%), which showed no depression in 
melting point on admixture with retene. The picrate separated 
from alcohol in orange-yellow needles, m. p. 123—124° (Found : 
N, 9-3. Calc.: N, 91%), the styphnate in yellow needles, m. p. 
141—142° (Found: N, 8-7. Cale.: N, 8-°7%), the quinone in 
orange-red prisms, m. p. 197—198° (Found: C, 81-7; H, 6-1. 
Cale.: C, 81-8; H, 60%), and the quinoxaline from aleohol- 
chloroform in pale cream needles, m. p. 163—164° (Found: N, 
8:5. Cale.: N, 83%). 

1 : 4-Dimethyl-7-isopropylphenanthrene, prepared from the ketone 
(Ii; R = CHMe,) as described in the preparation of 1:4: 7- 
trimethylphenanthrene (p. 1789) and purified by distillation over 
sodium under reduced pressure, crystallised from alcohol in colour- 
less plates, m. p. 61—62° (Found : C, 91-7; H; 7-8. C4gH49 requires 
C, 91-9; H, 81%). The picrate crystallised from methyl alcohol 
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in orange needles, m. p. 115° (Found : C, 62:8; H,4-6. C,;H,,0,N, 
requires C, 62-9; H, 4:8%), and the styphnate in bright yellow 
needles, m. p. 142—143° (Found: C, 60-7; H, 5-0. C,,;H,,0,N, 
requires C, 60-8; H, 4-7%). 

























Our thanks are due to Mr. C. R. 8. Tenniswood, M.Sc., for most 
of the analytical results. 
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241. Methoxy-derivatives of Xanthone and 
Thioxanthone. 


, By Kenneto CHARLES Rosperts, Lestiz ALFRED WILEs, and 
BERNARD ARTHUR STEVENS KENT. 


InN previous communications (Roberts and Smiles, J., 1929, 863, 
1322) it was shown that the salts and stannichlorides of 1-methoxy- 
derivatives of thioxanthone must be regarded as having a chelate 
structure (e.g., I where X is H or SnCl,). The data hitherto avail- 
able have been furnished by derivatives in which methoxy-sub- 
stitution is homonuclear; the study has now been extended to 
thioxanthones containing heteronuclear methoxyl groups, the 
main objects being the examination of a 1 : 8-dimethoxythioxan- 
thone and of the analogue of the dimethyl ether of euxanthone 
in the thioxanthone series. 


S 
" ee NO, 
(I.) ! ‘CO,H CO,H 
C Me OMe 
O Me (IT.) (IIT.) 
ww, 
x 


The synthesis of derivatives of these types has involved the 
preparation of 6-methoxy-2-dithiobenzoic acid (II). The 2-nitro- 
6-methoxybenzoic acid (III) which was required is mentioned in 
the literature, but the properties ascribed to it appear to be in- 
determinate. Simonsen and Rau (J., 1917, 141, 227) gave this 
structure to an acid having m. p. 179—180°, but later it is mentioned 
(Simonsen, J., 1918, 143, 782) that an acid of m. p. 159—160° had 
this constitution. The required material has now been synthesised 
by oxidation of 2-nitro-6-methoxytoluene, obtained from 2-nitro- 
6-hydroxytoluene (Ullmann, Ber., 1884, 17, 1961) by methylation 
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under special conditions. The properties of the acid obtained 
agreed with those ascribed to it by Simonsen and Rau (loc. cit.). 
The corresponding amino-acid readily yielded the diazo-derivative 
and subsequently the thiocyanate ; the latter on alkaline hydrolysis 
gave the required dithio-acid (II). 

When this dithio-acid was condensed with quinol dimethyl ether, 
1: 4: 8-trimethoxythioxanthone (IV) was obtained. This substance 
yielded a diperchlorate having the physical properties characteristic 
of salts of 1-methoxythioxanthones. Since the saturated anion 
of perchloric acid does not permit the formation of diacid salts in 
the manner suggested by Pfeiffer (“‘ Organische Molekiil-verbin- 
dungen,” 1922, 68) in the case of polyhydrochlorides (compare V), 
it is concluded that the kation of this perchlorate contains 
quadricovalent oxygen (VI). The existence of oxygen in this con- 


oe OMe S OMe 
| >>C—=0->H}CI- : - HCl (VI.) 
(V.) 
MeO CO OMe C 
(IV.) Me O Me 
ee a 4 
H H 


dition has already been postulated by Sidgwick (Nature, 1923, 111, 
808; J., 1930, 1461; compare also Auger and Robin, Compt. rend., 
1924, 178, 1546). Evidence has also been obtained of the existence 
of a distannichloride of (IV): all thioxanthones hitherto examined 
containing only one methoxy] in the position indicated have yielded 
monoperchlorates and monostannichlorides. 

Like other derivatives of this series which contain 1-methoxyl 
groups, the substance (IV) is readily hydrolysed by boiling hydro- 
chloric acid, yielding 1 : 8-dihydroxy-4-methoxythioxanthone (VII) 
(compare Levi and Smiles, J., 1931, 530). The latter, like mono- 
hydroxy-derivatives of its type, is insoluble in aqueous alkali 
hydroxide, but the hope thus engendered that a bisdiacetoborate 
(type VI) would be obtained from it was not fully realised ; however, 
the product obtained by usual methods contained more than 1-5 
atoms of boron per molecule of the thioxanthone. 


S OMe SS) 
aN 
(VIL.) g OM) wut (VIII.) 
HO CO OH O OMe 


When 6-methoxy-2-dithiobenzoic acid (II) was condensed with 
anisole, a dimethoxythioxanthone was obtained to which the 1 : 7- 
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dimethoxy-structure (VIII) is ascribed, since it has been shown 
(J., 1929, 864) that 2-methoxythioxanthone is obtained from 2. 
thiolbenzoic acid and anisole in a similar manner. It gave a mono. 
perchlorate and a stannichloride of the composition B,SnCl, required 
by a monochelate structure (I). The corresponding member of 
the xanthone series, the dimethyl ether of euxanthone, ‘is con- 
veniently obtained from euxanthone by the method of Baker and 
Robinson (J., 1928, 3116). This substance also yields a stanni- 
chloride of the composition B,SnCl, and with dry hydrogen chloride 
forms a trihydrochloride B,3HCl. The basic character of 1-alkyl 
ethers of euxanthone has been already recorded in the literature; 
a hydrochloride of the l-ethyl ether has been observed by Herzig 
(Ber., 1908, 41, 3895) and Perkin (J., 1920, 117, 699) obtained a 
chloroplatinate and a ferrichloride of 1 : 7-dimethoxyxanthone. 

Further investigation of the isomeric monomethyl ethers now 
recorded supports the structures already assigned to these sub- 
stances by previous investigators (Ullmann and Panchaud, Annalen, 
1906, 350, 108; Herzig, Monatsh., 1912, 33, 673). Thus the 7- 
hydroxy-1-methoxyxanthone yields a stannichloride, B,SnCl,, and 
does not give a diacetoborate with the usual reagent and is merely 
acetylated by it. On the other hand, the 1-hydroxy-7-methoxy- 
derivative is devoid of basic character and yields a characteristic 
diacetoborate. 

A comparison of the basic strengths of these methoxy-derivatives 
has been made by the method previously described (Roberts and 
Smiles, loc. cit., p. 866); the data shown in the table represent the 
relative volumes of alcohol required for complete hydrolysis of 
equimolecular solutions of the sulphates. 


Substance. C.e. Substance. C.c. 
(1) Xanthone 4 (6) 1: 7-Dimethoxyxanthone 22 
(2) 1: 7-Dihydroxyxanthone... 5 (7) 7-Hydroxy-l-methoxyxan- 
(3) Thioxanthone thone 
(4) 1-Hydroxy-7-methoxyxan- 5 (8) b7 5 -Dipethosn parry 
t 
(5) 1-Methoxy-7-acetoxyxan- (9) 7-Hydroxy. 1-methoxythio- 
0 xanthone 

It is evident that, as previously observed in the thioxanthone 
series, the stability of the salts of these xanthone derivatives is 
greatly enhanced by the presence of 1-methoxyl, the comparison 
of Nos. 2 and 4 with Nos. 5, 6, and 7 being noteworthy. When 
1 : 7-dimethoxythioxanthone (VIII) is hydrolysed by 90% sulphuric 
acid, a hydroxy-methoxry-derivative is obtained as in the case of the 
hydrolysis of 1: 7-dimethoxyxanthone by this reagent, when 7- 
hydroxy-1-methoxyxanthone is formed (Herzig, Monatsh., 1891, 
42, 161). An analogous structure is now assigned to the thio- 
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xanthone derivative (No. 9), since the substance yields salts of 
enhanced basic character. In conclusion, attention may be directed 
to a comparison between Nos. 6 and 8 and between 7 and 9: the 
evident. influence of sulphide sulphur on the stability of the salts 
is to be expected on theoretical grounds and is of the same kind 
as that recorded by other observers in comparing O- and S-analogues 
(compare Dilthey, J. pr. Chem., 1930, 124, 81; Behagel and Roll- 
mann, Ber., 1929, 62, 2693). The increase in basicity associated 
with the presence in position 7 of the strongly polar hydroxy] is 
noteworthy. 


EXPERIMENTAL. 


2-Nitro-6-methoxytoluene.—2-Nitro-6-hydroxytoluene (20 g.) (Ull- 
mann, Ber., 1884, 17, 1961) and anhydrous potassium carbonate 
(55 g.) were treated with methyl sulphate (8-3 g.), and the cooled 
mixture was treated with water and ether. The methoxy-com- 
pound, purified from unchanged cresol, crystallised from aqueous 
alcohol in long colourless needles, m. p. 53°. 

2-Nitro-6-methoxybenzoic Acid (IIL),—2-Nitro-6-methoxytoluene 
(10 g.) and potassium permanganate (23-5 g.) were heated with water 
(1000 c.c.) until the permanganate was destroyed. After evapor- 
ation of the filtered liquid to 50 c.c., the acid was isolated as a 
colourless crystalline powder, m. p. 180°. It crystallised from 
water in needles or plates (Found: OC, 48-6; H, 3-4. Calc. for 
C,H,0;N : C, 48-7; H, 3-5%). 

2-Amino-6-methoxybenzoic Acid.—The nitro-acid (III) (2-3 g.), 
dissolved in aqueous ammonia (8-5 c.c.), was added slowly to a 
well-stirred paste of ferrous hydroxide (from 20g. of ferrous sulphate), 
After 30 minutes’ boiling, the liquid was filtered from ferric hydroxide 
and evaporated to 12 ¢.c. The amino-acid, isolated by addition 
of acetic acid, crystallised from water in needles, m. p. 87° (Found : 
C, 57-4; H, 5-5. C,H,O,N requires C, 57-4; H, 53%). 

6-Methoxy-2-dithiobenzoic Acid (II).—2-Amino-6-methoxybenzoic 
acid (4-9 g.) in hydrochloric acid (12 c.c.) and water (25 ¢.c.) was 
diazotised at 0° with sodium nitrite (2-15 g.) in water (15 c.c.), the 
solution added to a paste of sodium thiocyanate (6 g.) and cuprous 
thiocyanate (6 g.) at 70°, the reaction completed at the boiling 
point, and the resulting thiocyano-acid converted into the cor- 
responding disulphide by evaporation to dryness of its alkaline 
solution. The disulphide crystallised from glacial acetic acid in 
colourless needles, ni. p. 187° [Found : C, 51-9; H, 3-9. (CgH,0,§), 
requires C, 52-4; H, 3-8%]. 

Derivatives of Thioxanthone.—1 : 4 : 8-Trimethoxythiowanthone (IV). 
The disulphide (IT) (3 g.), dissolved in concentrated sulphuric acid 
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(55 ¢.c.), was shaken during the gradual addition of a large excess 
(18 g.) of quinol dimethyl ether. After some hours, the deep red 
fluorescent liquid was treated in the usual manner. The resulting 
thioxanthone, purified by sublimation under reduced pressure, 
melted at 208—209° (Found : C, 63-4; H, 4-7. C,,H,,0,8 requires 
C, 63-5; H, 46%). It was instantly soluble in cold concentrated 
hydrochloric acid, forming a deep red solution, and gave fluorescent 
solutions in alcohol and in concentrated sulphuric acid. It absorbed 
over 2-5 mols. of dry hydrogen chloride at 760 mm. in less than 
15 minutes, and was saturated by 2-8 mols. in 1} hours (Found: 
HCl, 25-3. C,,H,,0,8,3HCl requires HCl, 26-6%). The deep 
maroon-red product was unstable. 

The diperchlorate (compare VI) separated in red needles having 
a metallic lustre from a solution of the thioxanthone in 60% aqueous 
perchloric acid (Found: HCIO,, 39-9. C,,H,,0,5,2HCIO, requires 
HClO, 39-9%). 

When 1:4: 8-trimethoxythioxanthone (0-5 g.) in dry benzene 
was added to a solution of stannic chloride (3 g.) in benzene, a 
deep red substance was formed, the composition of which approxi- 
mated to that of a distannichloride (Found: C,,H,,0,8, 39-1; 
SnO,, 34-2. C,,H,,0,8,2SnCl, requires C,,H,,0,8, 36-6; Sn0,, 
36-6%). When, however, the procedure was reversed by adding 
the solution of stannic chloride to the thioxanthone solution, a 
red monostannichloride resulted (Found : SnO,, 27-0. C,,H,,0,8,SnCl, 
requires SnO,, 26-8%). 

1 : 8-Dihydroxy-4-methoxythioxanthone (VII). 1:4: 8-Trimeth- 
oxythioxanthone was warmed on the water-bath with fuming 
hydrochloric acid until the liquid was colourless. The insoluble 
product, which was also insoluble in cold, but slightly soluble in 
hot 2N-caustic soda with a yellow colour, formed an intense purple 
solution in concentrated sulphuric acid. The small amount of 
material available was brought to analysis in an impure state 
(Found : C, 61-7; H, 4-4. ©,,H,,0,8 requires C, 61:3; H, 3-6%). 

A small quantity of the diacetoborate, prepared in the usual way, 
was purified by dissolving it in carbon tetrachloride, in which it 
was readily soluble but which does not dissolve boroacetic anhydride. 
The weight of the thioxanthone residue obtained on hydrolysing 
the derivative with boiling water indicated that it was a mixture 
of mono- and bis-diacetoborates (Found: ©,,H,,0,8, 591. 
Cy2H,0,.SB, requires 51-6; C,,H,,;0,SB requires 68-1%). 

1 : 7-Dimethoxythioxanthone (VIII). When 6-methoxy-2-dithio- 
benzoic acid in concentrated sulphuric acid was treated with anisole 
in the usual manner, 1 : 7-dimethoxythioxanthone resulted, which 
crystallised from alcohol as a yellow substance, m. p. 131—132°. 
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It dissolved in concentrated hydrochloric acid with a bright red 
colour, and its solutions in alcohol and in concentrated sulphuric 
acid were notably fluorescent. A specimen sublimed under re- 
duced pressure melted at 136—138° (Found: C, 66-0; H, 4-5. 
C,;H,.0,8 requires C, 66-1; H, 44%). The substance formed 
a monoperchlorate, which crystallised from the hot aqueous reagent 
in scarlet cubes having a metallic lustre (Found: HClQO,, 27:2. 
C,;H,,0,8,HClO, requires HClO,, 27-0%). The stannichloride 
was scarlet. 

Initial attempts to obtain 1 : 7-dimethoxythioxanthone involved 
the use of p-thiolanisole, which was readily obtained as follows : 
Equimolecular quantities of anisole (20 g.) and sulphur chloride 
(12-7 g.) were warmed together until evolution of hydrogen chloride 
ceased. The product, when poured into a mixture of acetic acid 
and 2N-sulphuric acid, yielded a solution of pp’-dimethoxydiphenyl 
disulphide, which was forthwith reduced to the mercaptan by 
boiling it for 1 hour with zinc dust. The substance purified by 
distillation in steam was a colourless oil, b. p. 227° (Gattermann, 
Ber., 1899, 32, 1148, gives 227°), with a mushroom-like smell. No 
trace of the o-isomeride was observed. 

7-Hydroxy-1-methoxythioxanthone was formed when 1:7-di- 
methoxythioxanthone was treated at 100° for 3 hours with 90% 
sulphuric acid. It crystallised from chloroform in hexagonal 
plates, m. p. 246° (decomp.) (Found: C, 65:4; H, 3-9. C,,H4)0,8 
requires C, 65-1; H, 38%). It formed a strongly yellow solution 
in aqueous caustic soda, and a green-fluorescent red solution in 
concentrated hydrochloric acid. The perchlorate was a brick-red 
solid. 

Derivatives of Euxanthone.—1-Hydroxy-7-methoxyxanthone. The 
presence of a l-hydroxyl group was shown by the formation of a 
stannichloride (Found : SnO,, 31-9. C,H 90,,8nCl, requires SnO,, 
323%) and of a yellow diacetoborate (Found: C,H 4904, 64-9. 
C,,H,,0,B requires C,,H,)0,, 65-4%). 

1 : 7-Dimethoxyxanthone (VIII). 1-Hydroxy-7-methoxyxanthone 
(10 g.) was dissolved in acetone (400 c.c.) containing methyl! sulphate 
(50 ¢.c.), and 20° aqueous caustic soda solution (50 c.c.) added. 
The mixture was warmed for a few minutes, further quantities 
of methyl sulphate and caustic soda added, and the xanthone 
isolated by the usual methods. A dark brown trihydrochloride was 
formed when the xanthone was saturated with the dry reagent 
(Found: HCl, 31-2. C,,H,.0,,3HCl requires HCl, 30:0%). The 
dark-coloured stannichloride was of the usual type (Found: SnO,, 
29-0. C,,H,,0,,SnCl, requires SnO,, 29-2%). 

7-Hydroxy-1-methoxyxanthone formed a yellow dihydrochloride 
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with dry hydrogen chloride (Found: HCl, 23-6. C,,H,,0,,2HC 
requires HCl, 23-1%). Boroacetic anhydride reagent acetylated 
the xanthone, the product being 1-methoxy-7-acetoxyxanthone, 
a colourless substance, m. p. 182°, recently described by Robertson 
and Waters (J., 1929, 2243) (Found: C, 67-9; H, 4:3. Cale.: 
C, 67-6; H, 4-2%). 


Kina’s CoLLeGe, LONDON. [Received, April 19th, 1932.] 





242. Synthetical Experiments in the isoflavone Group. 
Part VI. The Reactions of some Keto-ethylene 
Oxides, 


By Witson BakER and Ropert Rosinson. 


Tue observation of Weitz and Scheffer (Ber., 1921, 54, 2344) that 
the keto-ethylene oxide (I) undergoes intramolecular change on 
treatment with sulphuric acid or hydrogen chloride in acetic acid 
at room temperatures to give formyldeoxybenzoin (II) suggested a 
possible convenient method of synthesis of isoflavones (III and 
derivatives), since a formyldeoxybenzoin with a hydroxyl group in 
the ortho-position to the carbonyl group would readily undergo 
ring-closure. Such a synthesis, if feasible, would be attractive in 
that it would relate the isoflavones to the chalkones (pheny] styryl 
ketones) from which the keto-ethylene oxides are obtained, and 
hence to the flavanones, flavones, flavonols, and anthocyanidins. 


CHPh 
Of Ose Os 
H CHPh ‘Ph 

a Se 
% CO 


CO 
(I.) (II.) (III.) 

A chalkone-oxide of the type (I) was first prepared by Widman 
(Annalen, 1913, 400, 86) by the condensation of w-chloroaceto- 
phenone and benzaldehyde in the presence of sodium ethoxide, the 
reaction being subsequently extended by him (Ber., 1916, 49, 477) 
and by Jérlander (Ber., 1917, 50, 406, 1457), and some of the 
properties of the products were investigated. Weitz and Scheffer 
(loc. cit., p. 2827) later prepared the substances in a much simpler 
manner by direct oxidation of chalkones in aqueous-alcoholie 
alkaline solution by means of hydrogen peroxide. 

2: 4-Dimethoxyphenyl styryl ketone has now been oxidised by 
the method of Weitz and Scheffer to the corresponding oxide 
[IV; R = C,H,(OMe),] in excellent yield. When a suspension of 
(IV) in methyl alcohol was treated with a little concentrated 
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sulphuric acid, the oxide ring opened with production of 2: 4-di- 
methoxzyphenyl «-hydroxy-8-methoxy-8-phenylethyl ketone (V; R’ = 
Me); the corresponding 2 : 4-dimethoxyphenyl «-hydroxy-B-ethoxy-B- 
phenylethyl ketone (V ; BR’ = Et) was obtained similarly by the use 
of ethyl alcohol. These compounds, when boiled with acetic acid 
and sodium acetate for 2 hours or with aqueous-alcoholic sodium 
hydroxide for a few minutes, yielded 2 : 4-dimethoxyphenyl benzyl 
diketone (V1) («-form, m. p. 71°), the constitution of which as an 
«-diketone was established by the formation of a quinoxaline on 
treatment with o-phenylenediamine. The production of this 
a-diketone also establishes the position of the alkoxy-groups in 
the compounds (V). 

When the oxide (IV) was treated with hydrogen chloride in acetic 
acid, the ring opened to give 2: 4-dimethoxyphenyl §-chloro-«- 
hydroxy-8-phenylethyl ketone (VII), which when boiled either with 
excess of pyridine or with acetic acid and sodium acetate gave 
the diketone (VI), thus proving that the chlorine atom is united to 
the B-carbon atom. Treatment of the oxide (IV) with boiling 
aqueous-alcoholic sodium hydroxide yielded a small amount of the 
diketone (VI), and a much larger amount of 2 : 4-dimethoxyphenyl- 
benzylglycollic acid (VIII), which is the sole product if the reaction 
is sufficiently prolonged. The constitution of the acid (VIII) 
follows from its ready oxidation by chromic acid in acetic acid to 
give 2: 4-dimethoxyphenyl benzyl ketone (IX). The acid (VIII) 
was also prepared by boiling the diketone (VI) with aqueous- 
alcoholic sodium hydroxide. The facile conversion of phenyl benzyl 
diketone into phenylbenzylglycollic acid has been described by 
Malkin and Robinson (J., 1925, 127, 369). 

Simple solution of the oxide (IV) in anhydrous formic acid 
yielded 2:4-dimethoxyphenyl  .«-hydroxy-$-formoxy-f-phenylethyl 
ketone (X), the position of the formoxy-group being inferred from 
the structures assigned to the compounds (V) and (VII). The 
addition of a little concentrated sulphuric acid to the solution of 
(IV) in formic acid resulted in the esterification of the hydroxyl group 
with production of 2 : 4-dimethoxyphenyl «-diformoay-$-phenylethyl 
ketone (XI). Treatment of the oxide (IV) in acetic acid with 
concentrated sulphuric acid, or with boiling acetic acid alone, gave 
2: 4-dimethoxyphenyl «-hydroxy-f-acetoxy-B-phenylethyl ketone (XII). 

The compounds (X), (XI), and (XII) all yielded the «-diketone 
(VI) when boiled with acetic acid and sodium acetate, but in these 
experiments it was always obtained in the #-form, m. p. 86°. The 
a-diketone had previously been prepared as described in six different 
ways from compounds (IV), (V; R’ = Me), and (VII), and had 
always been obtained in the «-form, m, p, 71°, but after it had 
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been prepared from (X), (XI), and (XII) in the form of m. p. 86° 
repetition of the earlier experiments gave directly the higher. 
melting form. Further, a specimen of the «-form which had been 
kept for 8 weeks in a tube was found to have passed spontaneously 
into the $-form. This phenomenon is undoubtedly a case of 
dimorphism and not of keto-enol tautomerism, since neither form 
gives a ferric chloride reaction. 
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HOAc + NaOAc 
[R = 2: 4-Dimethoxypheny]] 


The acyl derivatives (X), (XI), and (XII) when heated with 
aqueous sodium hydroxide are rapidly hydrolysed, probably first 
to the glycol, which is then decomposed into benzaldehyde and 
presumably w-hydroxy-2 : 4-dimethoxyacetophenone (Slater and 
Stephen, J., 1920, 117, 375), which is not stable towards hot 
alkaline solutions. This behaviour is in marked contrast to that 
exhibited by the ethers (V; R = Me and Et) and the chlorohydrin 
(VII) under similar conditions, which merely pass into the diketone 
(VI) without decomposition. This decomposition of the acyl 
derivatives of the glycol R-CO-CH(OH)-CHPh-OH appears to 
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resemble the production of methylglyoxal and then lactic acid 
from glucose by the action of aikalis. 

A similar series of reactions was carried out with the ovide of 
2:4-dimethoxyphenyl p-methoxystyryl ketone, and here also’ no 
migration of the anisyl group was observed under any conditions, 
apart from the benzil—benzilic acid transformation of the a-diketone 
into the glycollic acid derivative. 

An interesting case of isomerism was encountered with the 
analogue of (VI), namely, 2: 4-dimethoryphenyl p-methoxybenzyl 
diketone, which was obtained from two reactions as a mixture of 
non-interconvertible forms (A) and (B), melting at 102° and 115° 
respectively, both of which gave the same quinoxaline. A mixture 
of (A) and (B) melted at a considerably lower temperature than 
either. Form (B) has a slightly deeper yellow colour than (A), 
and gives the more intense ferric chloride reaction. The substances 
are probably best regarded as the two possible stereoisomerides (cis 
and trans) of the enol form of the diketone, but it is not impossible 
that (B) is one of the enolic forms whilst (A) is the keto-form which, 
in alcoholic solution, is in equilibrium with the other enolic form. 
The tautomerism of phenyl benzyl diketone and phenyl p-methoxy- 
benzyl diketone has been investigated by Moureu (Dufraisse and 
Moureu, Bull. Soc. chim., 1927, 41, 1607; Moureu, Compt. rend., 
1929, 188, 504, 1557), who has isolated cis- and trans-enolic forms 
as well as the true diketone, but in these cases interconversion of 
the two enolic forms occurred above their melting points. 

Attempts were made to oxidise 2-acetoxy-4-methoxyphenyl 
styryl ketone and 2 : 4-diacetoxypheny] styryl ketone with hydrogen 
peroxide in aqueous-alcoholic solution, but even at 0° the reaction 
merely resulted in the hydrolysis of the acetoxy-groups. In order 
to avoid the use of alkali 2 : 4-dimethoxyphenyl styryl ketone and 
2-acetoxy-4-methoxypheny] styryl ketone were treated in ethereal 
or ethereal-acetone solution with perbenzoic acid, but in all cases 
the compounds were recovered unchanged (compare Weitz and 
Scheffer, loc. cit., p. 2331). 

The chief point of interest in this work in connexion with the 
synthesis of isoflavones is the simple method which it offers of 
preparing a large variety of deoxybenzoins, R-CO-CH,R’, starting 
from acetophenones, R-CO-CH,, and passing through the chalkones, 
the ethylene oxides, and the glycollic acid derivatives, the reactions 
being almost quantitative at each stage. 





EXPERIMENTAL. 


Oxide of 2:4-Dimethoxyphenyl Styryl Ketone (IV ; R=C,H;(OMe),] 


—A solution of 2 : 4-dimethoxypheny] styryl ketone (21-6 g.) in hot 
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methyl alcohol (280 c.c.) was cooled to 25° without disturbance, and 
to the supersaturated solution was quickly added 15% hydrogen 
peroxide (24 c.c.) and then 2N-sodium hydroxide (20 c.c.). The 
partly separating chalkone dissolved on gentle agitation during 4 
minutes, the temperature rising to 36°, and colourless, nacreous, 
flat prisms then formed ; they were washed with cold methyl alcohol 
and dried (yield, 20 g.); m. p. 118°, unaltered by recrystallisation 
from methyl] alcohol (Found : C, 72-1; H, 5-7. Cale. for C,,H,,0,: 
C, 71-8; H, 56%). Jérlander (loc. cit.) describes the compound as 
colourless prisms, m. p. 116°, from alcohol. 

2:4-Dimethoxyphenyl «-Hydroxy--methoxy-B-phenylethyl Ketone 
(V; R’ = Me).—A suspension of the preceding oxide (4 g.) in methyl 
alcohol (20 c.c.) was shaken with a mixture of methyl alcohol 
(20 c.c.) and concentrated sulphuric acid (5 c.c.), and the pale 
yellow solution obtained was warmed to 40°; on cooling, colourless 
prisms separated. Water (75 c.c.) was now slowly added with 
stirring; the ketone, after being washed with cold water, then with 
a little cold methyl alcohol and dried at a moderate temperature 
(yield, 3 g.), crystallised from methyl alcohol in compact, obliquely 
truncated prisms, m. p. 133° (Found: C, 68-2; H, 5-7. C,gH50; 
requires C, 68-4; H,6-3%). The substance slowly reduces Fehling’s 
solution, is unaltered by boiling with methyl-alcoholic sulphuric 
acid (6:1) for 1 hour, and, like the following ethoxy-compound, 
dissolves in concentrated sulphuric acid with a yellow colour which 
quickly becomes more orange. 

2: 4-Dimethoxyphenyl «-hydroxy-f-ethoxy--phenylethyl ketone (V; 
R’ = Et), prepared similarly, crystallised from alcohol in small 
colourless prisms, m. p. 98° (Found: C, 69:1; H, 6-6. Cy HO; 
requires C, 69-1; H, 6-7%). 

2 : 4-Dimethoxyphenyl Benzyl Diketone (V1).—a«-Form. The meth- 
oxy-compound (V; R’ = Me) (1 g.) was boiled for 2 hours with 
acetic acid (10 c.c.) and sodium acetate (2 g.); the product, pre- 
cipitated by addition of water, crystallised from alcohol in faintly 
yellow, compact prisms, m. p. 71° (Found: C, 72:1; H, 57. 
C,,H,,0, requires C, 71:8; H, 56%). The same product was 
obtained when compound (V; R’ = Me) was boiled in alcoholic 
solution for 2—3 minutes with a few drops of aqueous sodium 
hydroxide, the orange solution diluted with water, and the pre- 
cipitate crystallised from alcohol. The substance gives no color- 
ation with alcoholic ferric chloride, but dissolves in hot dilute 
aqueous sodium hydroxide with a yellow colour. Its reaction 
towards concentrated sulphuric acid is similar to that given by 
compound (V; R’= Me). In presence of alcohol it readily 
reduces warm Fehling’s solution. 
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8-Form. The compounds (X), (XI), and (XII) (described below) 
and the oxide (IV) were each (1 part) boiled for 2 hours with acetic 
acid (5 parts) and anhydrous sodium acetate (2 parts). Addition 
of water gave products which crystallised from alcohol (charcoal) 
in very light yellow, flat, bipyramidal crystals, m. p. 86° (Found : 
C, 72-0; H, 57. C,,H,,0, requires C, 71-8; H, 5-6%). The sub- 
stance showed no depression in melting point in intimate mixture 
with a specimen of the diketone (VI) which originally melted at 71° 
but whose meiting point had risen to 86° on keeping. 

2-(2’ : 4'-Dimethoxyphenyl)-3-benzylquinoxaline.—The __ preceding 
compound (0-71 g.) in alcohol (5 c.c.) was heated for a few minutes 
with o-phenylenediamine (0:27 g.). The product which separated 
on cooling, crystallised from alcohol in colourless prisms, m. p. 
108—109° (Found: N, 7-9. C,g3H,,O,N, requires N, 7-9%). It 
dissolved in concentrated sulphuric acid with an intense maroon 
colour which soon became more brown and finally bright orange- 
red. 

2:4-Dimethoxyphenyl (-Chloro-«-hydroxy-B-phenylethyl Ketone 
(VII).—The cherry-red solution obtained by passing hydrogen 
chloride into a suspension of the oxide (IV) (2 g.) in acetic acid 
(20 c.c.) cooled in water was diluted with water (75 c.c.) after 5 
minutes; the precipitated chlorohydrin, after being washed with 
water, crystallised from methyl alcohol, in which it was rather 
sparingly soluble, in colourless, highly refracting prisms (1°3 g.), 
m. p. 131° (Found: Cl, 10-8. C,,H,,0,Cl requires Cl, 11-1%). 

2 : 4-Dimethoxyphenylbenzylglycollic Acid (VIII).—The oxide (IV) 
(2 g.) in alcohol (20 ¢.c.) was boiled for 2 hours with sodium hydr- 
oxide (1 g.) in water (4 c.c.). The orange solution was diluted with 
water, saturated with carbon dioxide, and extracted with ether 
[the extracts yielded a small amount of the diketone (VI), m. p. 
after recrystallisation, 71°]. The aqueous layer was acidified, and 
the solid (1-1 g.) recrystallised from dilute acetic acid, forming 
prismatic needles, m. p. 176° (efferv.) (Found: C, 66-8; H, 5-9. 
C,,H,,0, requires C, 67-2; H, 60%). The solution in concen- 
trated sulphuric acid is yellow. 

This acid was also obtained from the diketone (VI) (0-5 g.) by 
boiling with alcohol (10 c.c.) and sodium hydroxide (0-5 g.) in 
water (2 c.c.) for 2 hours, and isolated in the above manner. 

2:4-Dimethoxyphenyl Benzyl Ketone (IX).—The preceding acid 
in warm acetic acid was treated with chromic acid (1-5 times the 
theoretical quantity) in acetic acid and after 1 minute the solution 
was diluted with water. Ether then extracted 2 : 4-dimethoxy- 
moos! benzyl ketone, m. p. (after purification) and mixed m. p. 
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2:4-Dimethoxyphenyl «-Hydroxy-8-formoxy-B-phenylethyl Ketone 
(X).—The oxide (IV) (5 g.) was treated with anhydrous formic acid 
(25 c.c.) and after 2 hours addition of water to the solution pre. 
cipitated a dark green, sticky mass which subsequently solidified 
and a smell of phenylacetaldehyde was apparent. The product, 
crystallised twice from alcohol (charcoal), formed colourless prisms 
(1-4 g.), which after further crystallisation from acetic acid separated 
in almost rectangular plates or prisms, m. p. 154° (Found: C, 65-1; 
H, 5-5. C,,H,,0, requires C, 65-4; H, 5-5%). Its alcoholic solu- 
tion gave no coloration with ferric chloride, but readily reduced 
warm Fehling’s solution. The compound is decomposed by hot 
aqueous sodium hydroxide, benzaldehyde being evolved. Its 
orange-red solution in concentrated sulphuric acid darkens and 
evolves carbon monoxide when very gently warmed. 

2: 4-Dimethoxyphenyl «8-Diformoxy-B-phenylethyl Ketone (X1).— 
The oxide (IV) (5 g.) in formic acid (50 c.c.) was treated with a mix- 
ture of formic acid (4 c.c.) and concentrated sulphuric acid (1 c.c.), 
giving a brown solution. After 2 hours addition of water gave a 
black tarry matter, which was washed and dissolved in alcohol; 
the crystalline product, recrystallised twice from alcohol (charcoal), 
gave pale yellowish-brown plates (1-6 g.), m. p. 141° (Found: ¢, 
63-4; H, 5-1. C,,H,,0, requires C, 63-7; H, 51%). In its 
chemical properties it resembles the preceding compound. 

2:4-Dimethoxyphenyl «-hydroxy-f-acetoxy-B-phenylethyl ketone 
(XII), obtained when acetic acid replaced formic acid in the pre- 
ceding preparation, and repeatedly purified from alcohol (charcoal), 
formed colourless compact crystals, m. p. 136° (Found: C, 643; 
H, 6-3. Cy gH 0,4,C,H,-OH requires C, 64-6; H, 6-7%. Found in 
material heated for 2 hours at 100° in a vacuum: C, 66-4; H, 5%. 
C,9H.0, requires C, 66-3; H, 58%). In its behaviour towards 
ferric chloride, alkalis, and Fehling’s solution it resembles the two 
preceding compounds; its yellow solution in concentrated sulphuric 
acid slowly becomes orange and evolves no carbon monoxide on 
warming. 

Oxide of 2:4-Dimethoxyphenyl p-Methoxystyryl Ketone.—This 
compound was prepared in the same way as the corresponding 
oxide (IV). The yield was 19 g., and a further small quantity was 
obtained by diluting the alcoholic liquors. It separated in nacreous 
irregular growths of fine prisms, m. p. 108° (Found: C, 68-9; H, 
5-5. C,,H,,0, requires C, 68-8; H, 5-7%). 

2 : 4-Dimethoxyphenyl «-hydroxy-8-methoxy--p-methoxyphenylethyl 
ketone was prepared in the same way as the corresponding compound 
(V, R’ = Me), but with 1} times the quantity of methyl alcohol 
and warming to 60°. It separated from alcohol in minute colourless 
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crystals, m. p. 143—144° (Found: C, 66-0; H, 6-3. C,H,.0, 
requires C, 65-9; H, 63%). When it was boiled for 5 minutes in 
alcoholic solution with a little aqueous sodium hydroxide, and the 
yellow solution diluted and saturated with carbon dioxide, a solid 
separated which crystallised from alcohol as a mixture of very pale: 
yellow leaflets, m. p. 102°, and yellow prismatic needles, m. p. 115°, 
identical with the (A) and the (B) form of 2: 4-dimethoxyphenyl 
p-methoxybenzyl diketone described below. 

2 : 4-Dimethoxyphenyl-p-methoxybenzylglycollic acid was prepared 
in the same way as the corresponding acid (VIII) but with double 
quantities. It was precipitated (1-4 g.) in colourless crystals, which 
separated from dilute acetic acid in microscopic prisms, m. p. 177° 
(eflerv.) (Found: C, 65-1; H, 5-9. C,,H,,O, requires C, 65-1; H, 
6-0%). 

Enolic Forms of 2 : 4-Dimethoxyphenyl p-Methoxybenzyl Diketone. 
—The ethereal extracts of the solution saturated with carbon 
dioxide from the previous preparation (see preparation of VIII) 
yielded an oil which rapidly solidified and was then crystallised 
from alcohol (yield, 1-6 g.). A second crystallisation yielded pale 
yellow leaflets (A); the decanted solution deposited small yellow 
prisms (B). 

Substance (A), m. p. 102° (Found: C, 68-8; H, 5-7. C©,,H,,0, 
requires C, 68-8; H, 5:7%), gave a weak brownish colour with 
alcoholic ferric chloride, dissolved readily in hot dilute aqueous 
sodium hydroxide to a yellow solution,‘ but was scarcely soluble in 
cold alkalis. Heated with o-phenylenediamine (1 mol.) in alcohol, 
it gave 2-(2’: 4’-dimethoxyphenyl)-3-p-methoxybenzylquinozaline, 
which crystallised from alcohol in compact prisms, m. p. 76—79° 
(Found: N, 7-5. C,,H,.0,N, requires N, 7-3%). . 

Substance (B), recrystallised from alcohol, formed somewhat 
bright yellow, prismatic needles, m. p. 115° with slight previous 
softening (Found: OC, 68-9; H, 5-3. C,,H,,0, requires C, 68-8; 
H, 5:7%). It gave a quinoxaline, m. p. 75—78°, identical (mixed 
m. p.) with that prepared from (A), both forming in concentrated 
sulphuric acid deep maroon solutions which soon turned brown and 
then cherry-red. 

The bright orange-red solutions of (A) and (B) in concentrated 
sulphuric acid were indistinguishable, but the ferric chloride reaction 
of (B) was rather more red and intense than that of (A). A mixture 
of (A) and (B) melted between 90° and 100°. 

2: 4-Dimethoxyphenyl p-Methoxybenzyl Ketone.—2 : 4-Dimethoxy- 
phenyl-p-methoxybenzylglycollic acid was oxidised by chromic acid 
in acetic acid as described in the preparation of 2 : 4-dimethoxy- 
phenyl benzyl ketone (IX). ‘The solid neutral product separated 
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from alcohol in colourless thin prisms, m. p. 84°, not depressed on 
admixture with a specimen of the same compound prepared. by the 
method described below. 

2 : 4-Dihydroxypheny] p-methoxybenzyl ketone (Baker and East- 
wood, J., 1929, 2902; this ketone, ononetin, has since been obtained 
by degradation of the glucoside ononin of Ononis spinosa by 
Wessely and Lechner, Monatsh., 1931, 57, 395, who also synthesised 
it by the method previously employed by Baker and Eastwood) 
was treated with excess of methyl sulphate and alkali, and yielded 
a non-phenolic product, which, after crystallisation from ethyl 
alcohol and then from methyl alcohol, melted at 84° (Found: C, 
71-0; H, 6-2. C,,H,,0, requires C, 71:3; H, 6-3%). 

THE Dyson PrERRInS LABORATORY, 
OxFoRD. [Received, April 20th, 1932.] 





243. A General Method for the Preparation of 
1-Substituted Glyoxalines from Acetalylthiocarb- 
imide and Primary Amines. 


By ALEXANDER PretEeR TawsE Easson and FRANK 
LEE PyYMAN. 


KNOWLEDGE that the antimalarial drug plasmoquin is 8-diethyl- 
aminoisopentylamino-6-methoxyquinoline (I) has stimulated the 
preparation of other derivatives of 8-amino-6-methoxyquinoline in 
various quarters. The present authors desired to prepare 8-(gly- 
oxalinyl-1’)-6-methoxyquinoline (II) in order to have it tested for 
antimalarial properties, and as a preliminary investigation attempted 
the preparation of 8-(glyoxalinyl-1’)quinoline (III), which is derived 
from more readily accessible starting material. 


Et,N-[CH,],"CHMe-NH N CH-N 


“3 NN Ny (IL) 


The possible methods for the synthesis of this compound, all 
leading through the corresponding 2-thiol compound (IV), were 
the condensation of the unknown quinolyl-8-aminoacetal (V) with 
thiocyanic acid, or the hydrolysis of the thiocarbamide (VI) derived 
from 8-aminoquinoline and aminoacetal. This substance might 
be prepared theoretically either by the action of (a) the unknown 
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8-thiocarbimidoquinoline (VII) upon aminoacetal or (6) the unknown 
acetalylthiocarbimide (VIII) upon 8-aminoquinoline. 
‘ N 





| 
\ |  GH—-NQ CH—NQ a, 
a=( jt Gee ag org rer 
L 4 | (IIT.) > (IV.) 
Q:NH-CH,-CH(OEt), -+ HCNS 
(V.) 
(a) Q:N:CS + NH,CH,-CH(OEt), 
(VII) i. Q:NH-CS:NH-CH,CH(OEt), 
(6) Q:NH, + S:C:N-CH,-CH(OEt), (VI) 
(VIII.) 


In spite of a considerable number of experiments, we were unable 
to prepare either quinolyl-8-aminoacetal (V) or quinolyl-8-thio- 
carbimide (VII). We therefore reinvestigated the preparation of 
acetalylthiocarbimide (VIII), which had been attempted previously 
without success by Marckwald (Ber., 1892, 25, 2354), and were able 
to determine conditions under which this compound could be 
produced in fair yield. This substance reacts with primary amines 
generally, including 8-aminoquinoline, to yield thiocarbamides, not 
always isolable as crystalline substances, which on hydrolysis yield 
2-thiolglyoxalines. Thus, condensation of acetalylthiocarbimide 
with 8-aminoquinoline and 8-amino-6-methoxyquinoline gave non- 
crystalline thiocarbamides, which on hydrolysis with acid gave rise 
to 8-(2’-thiolglyoxalinyl-1')quinoline (IV) and 8-(2'-thiolglyoxalinyl- 
1’)-6-methoxyquinoline respectively. These gave 8-(glyoxalinyl- 
l’)quinoline (III), and 8-(glyoxalinyl-1')-6-methoxyquinoline (II) 
on oxidation; similarly, 2-aminoquinoline was converted into 
2-(glyoxalinyl-1’)quinoline by way of 2-quinolylacetalylthiocarbamide 
and 2-(2’-thiolglyoxalinyl-1')quinoline. 

Condensation of acetalylthiocarbimide with aniline gave phenyl- 
acetalylthiocarbamide, which had been prepared previously by 
the condensation of phenylthiocarbimide with aminoacetal (Wohl 
and Marckwald, Ber., 1889, 22, 568). 

In the aliphatic series, several similar syntheses have been effected. 
The condensation product of acetalylthiocarbimide with methyl- 
amine did not crystallise but gave on hydrolysis 2-thiol-1-methyl- 
glyoxaline, which had been made previously from the condensation 
product of methylthiocarbimide with aminoacetal (Wohl and Marck- 
wald, Ber., 1889, 22, 1353). 

Moreover, the condensation of acetalylthiocarbimide with 8- 
aminoethyl alcohol and ethyl glycine, followed by hydrolysis of the 
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resulting thiocarbamides, gave rise to 2-thiol-1-B-hydroxyethyl- 
glyoxaline and 2-thiolglyoxaline-1-acetic acid, which on oxidation gave 
1-8-hydroaxyethylglyoxaline (IX) and glyowaline-l-acetic acid (X) 
respectively. 


H,’CH,-OH H,-CO,H 
ax.) GE-Noop CH-Noon (X.) 
CH— CH— 


It is thus apparent that acetalylthiocarbimide is a reagent 
generally suitable for the conversion of aliphatic, aromatic, or 
heterocyclic primary amines into 1-substituted glyoxalines. 

By the courtesy of the Chemotherapy Committee of the Medical 
Research Council, 8-(glyoxalinyl-1’)quinoline, 8-(glyoxaliny]-1’)-6- 
methoxyquinoline, and 2-(glyoxalinyl-1’)quinoline were tested for 
antimalarial activity under the direction of Professor Keilin, F.R.S., 
at the Molteno Institute, Cambridge, and were found to be inactive, 





EXPERIMENTAL, 


Acetalylthiocarbimide.—A mixture of aqueous sodium hydroxide 
(45 c.c. of 5N), carbon disulphide (20 g.), and a solution of amino- 
acetal (27 g.) in water (100 c.c.) was warmed gently and shaken until 
the carbon disulphide had dissolved. The solution was treated at 
0° with an ice-cold solution of basic lead acetate (30 g.) in water 
(100 ¢.c.), a reddish-yellow precipitate forming; an ice-cold con- 
centrated aqueous solution of normal lead acetate (60 g.) was then 
added, gradually and with shaking. The mixture was kept cold for 
30 minutes, and then gradually warmed on the steam-bath, with 
continual shaking. The coloured precipitate blackened. Acetalyl- 
thiocarbimide was removed by steam distillation, isolated and dried 
(anhydrous potassium carbonate) in ether, and distilled under 
diminished pressure. Yield, 21-5 g. (60%). 

Acetalylthiocarbimide is a colourless oil with a pungent characteris- 
tie odour; d@ 1-041, b. p. (some decomp.) 220—225°/ordinary pressure 
and (unchanged) 133°/40 mm. It is insoluble in water, and miscible 
with all ordinary organic solvents. It is not decomposed by hot 
water and only very slowly by hot dilute mineral acids or dilute 
caustic alkalis, It is decomposed immediately by heating with 
mineral acid solutions of lead or mercury salts, or mixtures of lead 
hydroxide and caustic soda, with deposition of metallic sulphide 
(Found: C, 47-7; H, 7-7; N, 7-8; 8, 183. C,H,,0,NS requires 
C, 48-0; H, 7-5; N, 8-0; 8, 183%). 

Phenylacetalylthiocarbamide.—Acetalylthiocarbimide (0-85 g.) and 
aniline (0-45 g.) were heated on the steam-bath for an hour. The 
product crystallised on cooling, and after recrystallisation from dilute 
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alcohol, melted at 96—97° (corr.). Wohl and Marckwald (loc. cit.) 
give m. p. 96°. 

2-Quinolylacetalylthiocarbamide—A mixture of acetalylthiocarb- 
imide (2-8 g.) and 2-aminoquinoline (2:3 g.) was heated on the 
steam-bath for several hours. The product crystallised while 
still hot. The thiocarbamide separated from alcohol in needles, 
m. p. 139—140° (corr.). Yield, 2:3 g. (45%) (Found: 8, 10-1. 
C,gH.,0.N.8 requires 8, 10-0%). 

2-(2’-Thiolglyoxalinyl-1'\quinoline.—The crude thiocarbamide ob- 
tained by heating a mixture of acetalylthiocarbimide (7-6 g.) and 
2-aminoquinoline (6-1 g.) was washed with a little ether. The 
product (10-7 g., m. p. 125—135°), heated on the steam-bath for 
several hours with 5N-sulphuric acid (50 c.c.), dissolved completely. 
The thiol compound, which separated from the hot solution (yield, 
6-0 g.; 62%, calculated on the amount of 2-aminoquinoline used), 
crystallised from alcohol, in which it was not very easily soluble, in 
needles, m. p. 263—264° (corr.; decomp.), insoluble in water or 
ether (Found: C, 63:1; H, 4-6; N, 18-1; 8, 14:35. C,,.H,N,S 
requires C, 63-4; H, 4-0; N, 18-5; 8S, 14:1%). 

2-(Glyoxalinyl-1')\quinoline.—The crude thiol compound (7-8 g.) 
was added in small portions to hot 5N-nitric acid (60 c.c.), and the 
filtered solution made alkaline and extracted with chloroform. 
The extract, dried and evaporated, left crude 2-(glyoxalinyl-1’)- 
quinoline (6-1 g.= 91%; m. p. 115—120°), which crystallised from 
aleohol-ether in prismatic needles, m. p. 120—121° (corr.), soluble 
in water, alcohol, or chloroform, but sparingly so in ether. The 
monohydrochloride crystallised from alcohol—acetone in prismatic 
needles, m. p. 217—218° (corr.). It is very soluble in water, slightly 
hygroscopic, and is acid to litmus (Found: C, 62-3; H, 44; Cl, 
15-2. C,,H,N;,HCl requires C, 62-2; H, 4-4; Cl, 153%). The 
picrate separated from glacial acetic acid in needles, m. p. 205— 
206° (corr.). 

8-(2’-Thiolglyoxalinyl-1')quinoline—A mixture of acetalylthio- 
carbimide (6-9 g.) and 8-aminoquinoline (5-8 g.) was heated on the 
steam-bath for an hour. The product, a thick syrup which did not 
crystallise, was heated for 14 hours on the steam-bath with 5N- 
sulphuric acid. Water was added to dissolve the orange-coloured 
crystals (probably the sulphate of the thiolglyoxaline) which 
separated, and the thiolglyoxaline was then precipitated by adding 
ammonia. Yield, 7-2 g. (79%). It crystallised from much glacial 
acetic acid in prisms, m. p. 304° (corr.; decomp.) (Found : 8, 13-8. 
C,,H,N,S requires S, 14:1%). It is insoluble in water or ether, but 
slightly soluble in alcohol. The hydrochloride crystallised from 
concentrated hydrochloric acid in orange needles, which were 
3N2 
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decolorised on treatment with water (Found : 8, 12-1. C,.H,N,S,HCl 
requires 8, 12-1%). 

8-(Glyoxalinyl-1' )quinoline.—Oxidation of the crude thiol com- 
pound was carried out in the manner described for the 2-quinoline 
isomeride. The yield was theoretical. 8-(Glyoxalinyl-1’)quinoline 
crystallised from alcohol-ether in large, highly refractive prisms, 
m. p. 124—125° (corr.), slightly soluble in cold water and readily in 
hot water. The monohydrochloride separated from alcohol—acetone 
in needles, m. p. 247—248° (corr.). The salt is very readily soluble 
in water and is acid to litmus (Found: C, 62:0; H, 4-4; N, 18-2; 
Cl, 15-3. C,,H,N;,HCl requires C, 62-2; H, 4:4; N, 181; Cl, 
153%). The picrate crystallised from glacial acetic acid in felted 
needles, m. p. 197—198° (corr.). 

8-(Thiolglyoxalinyl-1’)-6-methoxyquinoline was prepared from 8- 
amino-6-methoxyquinoline (10 g.) and acetalylthiocarbimide (12 g.) 
in the manner described for the preparation of 8-(2’-thiolglyoxalinyl- 
l’)quinoline. It separated from much glacial acetic acid in 
microscopic prisms, m. p. 297° (corr.; decomp.) (Found: §, 11-8. 
C,3H,,ON,8 requires 8, 12-4%). 

8-(Glyoxalinyl-1')-6-methoxyquinoline.—Oxidation of the above 
crude thiol compound with 2-5N-nitric acid (240 c.c.) gave 8-(glyoxal- 
inyl-1’)-6-methoxyquinoline in 77% yield, calculated on the 8- 
amino-6-methoxyquinoline. The base separated from alcohol- 
ether in long prisms, m. p. 1389—140° (corr.), sparingly soluble in 
ether or cold water but readily soluble in hot water. The mono- 
hydrochloride crystallised from alcohol—acetone in prismatic needles, 
m. p. 243—244° (corr.). This salt is very readily soluble in water, 
slightly hygroscopic, and acid to litmus (Found: C, 59-3; H, 5-0; 
N, 15-6; Cl, 13-2. C,,;H,,ON;,HCl requires C, 59-6; H, 4-6; N, 
16-1; Cl, 136%). The picrate crystallised from glacial acetic acid 
in needles, m. p. 219—220° (corr.). 

2-T hiol-1-methylglyoxaline.—Acetalylthiocarbimide (14-5 g.) was 
added to methylamine (3-6 g.) in alcohol (10 c.c.), the temperature 
being kept below 25°. On removal of the solvent a syrup remained 
which did not become crystalline. It was doubtless acetalyl- 
methylcarbamide, which Wohl and Marckwald (loc. cit.) prepared 
from methylthiocarbimide and aminoacetal, and described as non- 
crystalline, for on hydrolysis with sulphuric acid as described by 
these authors, it gave 2-thiol-l-methylglyoxaline in 57% yield. 
This substance had m. p. 143—144° (corr.) (Wohl and Marckwald 
give 141—142°) (Found: N, 24-6; S, 28-4. Cale.: N, 24-6; 8, 
28-1%). 

2-Thiol-1-8-hydroxyethylglyoxaline.—Acetalylthiocarbimide (14:2 
g.) was mixed with 8-aminoethy] alcohol (4-9 g.). A vigorous exother- 
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mic reaction took place. The mixture was heated on the steam-bath 
for 30 minutes. The crude thiocarbamide, which did not crystallise, 
was heated on the steam-bath for 2—3 hours with 5N-sulphuric acid 
(60 c.c.). After removal of sulphate ions quantitatively with 
barium hydroxide, the filtrate was evaporated to dryness under 
diminished pressure. On crystallising the residue from alcohol, 
the thiol compound [6-25 g.; 54%; m. p. 151—152° (corr.)] was 
obtained in prisms, soluble in water, but insoluble in ether (Found : 
C, 41-2; H, 5-8; 8, 22-4. C;H,ON,S requires C, 41-6; H, 5-6; 8, 
22-2%). 

1-8-Hydroxyethylglyoxaline was obtained in 29% yield (calculated 
on the aminoethyl! alcohol used) by oxidising the above thiol com- 
pound with dilute nitric acid, but can be prepared more conveniently 
without isolating this substance. The reaction product of acetalyl- 
thiocarbimide (22 g.) and aminoethyl alcohol (8-0 g.) was hydrolysed 
with 5N-sulphuric acid (100 c.c.). The solution was added slowly 
to a boiling 12° aqueous solution of nitric acid (220 c.c.), and boiling 
continued until evolution of brown fumes had ceased. The solution 
was neutralised with caustic soda, and treated with the theoretical 
amount of picric acid. The picrate which separated on cooling was 
filtered off and shaken with dilute sulphuric acid and ether. The 
solution of sulphate thus obtained was freed from sulphate ions by 
means of baryta and concentrated under diminished pressure. The 
resulting crude hydroxyethylglyoxaline was distilled, and collected at 
202—206°/20 mm. Yield, 5-0 g. (34%). It had m. p. 36—40°, was 
miscible with water or alcohol, and soluble in ether (Found: C, 
53-4; H, 6-8; N, 25-1. C;H,ON, requires C, 53:5; H, 7-1; N, 
25-0%). The picrate crystallised from alcohol in needles, m. p. 
142—-143° (corr.). 

2-T hiolglyoxaline-1-acetic Acid.—Acetalylthiocarbimide (8-7 g.) was 
mixed with ethyl glycine (5-0 g.). There was a vigorous exothermic 
reaction, the temperature rising to 120°. The resulting syrup was 
hydrolysed by boiling with 5N-sulphuric acid (45 c.c.). After 
removal of sulphate ions by barium hydroxide, and concentration 
of the filtrate, the residue was crystallised from alcohol, from which 
the thiol compound separated in thin prisms [Yield, 2-45 g.; 32%; 
mn. p. 205—206° (corr.)]. It is readily soluble in water, but insoluble 
in ether (Found: C, 37-6; H, 4-0; S, 20-0. C;H,O,N,S requires 
C, 38-0; H, 3-8; S, 20-2%). 

Glyoxaline-1-acetic acid is most conveniently prepared without 
isolating the thiol compound. The condensation product from 
acetalylthiocarbimide (21 g.) and ethyl glycine (11-8g.) was hydrolysed 
with 5N-sulphuric acid (100 ¢.c.). The solution was added carefully 
to hot’ 2-5N-nitric acid (200 ¢.c.). When oxidation was complete, 
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sulphate ions were removed with baryta and the filtrate was evapor- 
ated to a small bulk under diminished pressure. The residue was 
treated with alcohol to remove excess nitric acid, and vacuum 
evaporation continued until a dry residue, consisting of the crude 
glyoxalineacetic acid, was left. Yield, 10-3 g. (70%). After crystal- 
lising from water, it formed thin prisms, m. p. 268—269° (corr.; 
decomp., sintering at 264°), readily soluble in water, sparingly so in 
alcohol, and insoluble in ether (Found: C, 47-9; H, 5-0; N, 21-7, 
C;H,0,N, requires C, 47-6; H, 4-8; N, 22-2%). 

Ethyl glyoxaline-l-acetate picrate was prepared by passing dry 
hydrogen chloride into a mixture of the above acid and ethyl alcohol, 
removing the excess of hydrogen chloride and alcohol under dimin- 
ished pressure in the cold, and adding aqueous picric acid. On crystal- 
lisation from alcohol, the ester picrate separated in leaflets, m. p. 
124—125° (corr.) (Found: C, 40-8; H, 3-6. C,H, ,0,N,,C,H,0,N, 
requires C, 40-7; H, 3-4%). 

ReEsEARCH LABORATORIES, Messrs. Boots Purr Drue Co., Lrp., 
NOTTINGHAM. [Received, May 4th, 1932.] 





244. Nitrous Acid as a Nitrating Agent. Part II. 
The Nitration of Dimethyl-p-anisidine. 


By Herpert Henry Hopeson and JosepH HaroLp Crook. 


Nitrous acid nitrates dimethyl-p-anisidine, as it does dimethyl-p- 
toluidine (Hodgson and Kershaw, J., 1930, 277), giving over 90% 
of 3-nitrodimethyl-p-anisidine (3-nitro-4-dimethylaminoanisole) : 
nitric acid at equivalent dilution is practically inactive, and normal 
nitration in sulphuric acid produces 2-nitrodimethyl-p-anisidine. 
The similarity extends to the order of the m. p.’s and volatility 
in steam of the nitro-compounds, to the m. p.’s of their picrates, 
and to the formation of a brilliant red unstable compound from 
dimethyl-p-anisidine and picric acid. 

The small amount (< 1%) of nitrosomonomethyl-p-anisidine 
formed in this reaction is, however, in striking contrast to the 
corresponding amount (> 16%) ef nitrosomonomethyl-p-toluidine, 
an indication that the powerful electromeric (+- 7) influence of 
the methoxyl group has been brought into action by salt formation 
at the dimethylamino-group (I) and has thereby inhibited dis- 
placement of a methyl group; the more feeble general effect (+ J) 
of the p-methyl group in dimethyl-p-toluidine is reflected in the 
much greater yield of N-nitroso-product. When the powerful 
electron-attracting (— 7’ — J) nitro-group is present as in p-nitro- 
dimethylaniline, Macmillan and Reade (J., 1929, 2863) found more 
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than 30% of nitroso-amine and no nitration, a result to be expected 
on the above reasoning, since it is the converse of the present in- 
vestigation (compare also Hodgson, J. Soc. Dyers and Col., 1930, 
46, 183). 


e 
OH 
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ON—N(CH,), \_ 40 
\ 
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The much lower m. p. of 3-nitrodimethylamino-p-anisidine 
compared with that of its toluidine analogue suggests that chelation 
of the type (II), already proposed for such compounds (Hodgson 
and Kershaw, J., 1930, 497), is more strongly reinforced by the 
p-methoxyl than by the p-methyl group, and appears to afford 
evidence of the positive interior-effect of the kind postulated by 
Cocker, Lapworth, and Walton (J., 1930, 448) to explain the influence 
of the methoxyl group in monochlorodimethyl ether. 

Dimethyl-p-anisidine (Griess, Ber., 1880, 13, 249) is conveniently 
obtained by a two-stage treatment of p-anisidine with methyl 
sulphate ; a single-stage treatment with excess of the reagent gives 
a poor yield owing to the ready formation of the quaternary am- 
monium salt. 

EXPERIMENTAL. 

Dimethyl-p-anisidine.—Molten p-anisidine (40 g.) was treated 
(with cooling if necessary) with methyl sulphate (40 c.c.), and the 
mixture made faintly alkaline (aqueous sodium hydroxide) and 
steam-distilled. The volatile bases obtained, including those 
extracted by ether, were again treated with methyl sulphate (20 
¢.c.). Basification, steam-distillation, treatment of the volatile 
solid (molten) with acetic anhydride, and further basification 
(aqueous sodium carbonate) and steam-distillation gave dimethyl- 
p-anisidine, which crystallised from water in colourless plates, 
m. p. 48° (Found: N, 9-4. Calc.: N, 93%). The picrate, pre- 
pared in alcohol, crystallised from methyl alcohol in brilliant 
greenish-yellow, rectangular plates, m. p. 139° (Found; N, 14-9. 
C,;H,,0,N, requires N, 14-7%). 

Action of Nitrous Acid on Dimethyl-p-anisidine.—The experiment 
was made in exactly the same way as that on dimethyl-p-toluidine 
(loc. cit., p. 279), half-quantities being used. Less than 0-05 g. 
of nitrosomonomethy!-p-anisidine was obtained. From the aqueous 
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acid extract, 6 g. of 3-nitrodimethyl-p-anisidine were obtained; 
after being frozen and purified via the hydrochloride (twice re- 
crystallised), this had setting-point 14° (Found: N, 14-4. C,H,,O0,N, 
requires N, 14:3%). The hydrochloride crystallised from water 
in colourless parallelepipeds, m. p. 95° (Found: N, 12-2; Cl, 15-3. 
C,H ,,0,N,,HCl requires N, 12-0; Cl, 15-3%), and the picrate from 
alcohol in bright yellow needles, m. p. 143° (red liquid after softening) 
(Found: N, 16-7. C,;H,,0,)N,; requires N, 16-5%). The above 
products were identified by comparison with the synthetic com- 
pounds (below). 

Nitrosomonomethyl-p-anisidine.—p-Anisidine (5 g.) and methy] 
sulphate (3 c.c.) were mixed at 60°, excess of sodium hydroxide 
added, and the whole steam-distilled. The volatile monomethyl- 
p-anisidine (5 g.) was isolated by means of ether and treated in 
concentrated hydrochloric acid (15 ¢.c.) and water (10 c.c.) at 0° 
with sodium nitrite (4 g. in water, 20 c.c.). Nitrosomonomethyl-p- 
anisidine (4 g.), which separated at once as a brownish-yellow 
solid, was purified by steam-distillation and recrystallisation from 
light petroleum, forming clusters of hexagonal plates, m. p. 47° 
(Found : N, 17-0. C,H, ,0,N, requires N, 16-9%). In the Lieber- 
mann test it gave an emerald-green colour, changing to cherry- 
red on dilution and to deep royal-blue on basification (sodium 
hydroxide). The volatility in steam is about 2 g. per litre of dis- 
tillate, and no salts are formed with hydrochloric and picric acids. 

Synthesis of 3-Nitrodimethyl-p-anisidine.—Acet-p-anisidide (16 
g.) was stirred with 11% nitric acid (60 c.c.) (compare Reverdin, 
Ber., 1896, 29, 2595), and the 3-nitroacet-p-anisidide (19-0 g.) 
formed was collected and converted, after hydrolysis with hot 
10% alcoholic potassium hydroxide (100 ¢.c.), into steam-volatile 
4-chloro-3-nttroanisole (14 g.) by the Sandmeyer reaction. This 
compound, which crystallised from aqueous alcohol in very pale 
yellow needles, m. p. 45° (Found: N, 7-5; Cl, 18-7. C,H,O,NCl 
requires N, 7-5; Cl, 18-9%), was heated (6 g.) for 8 hours at 150° 
with dimethylamine (2 g. in alcohol, 40 c.c.); the alcohol was then 
removed by distillation, and the 3-nitrodimethy]-p-anisidine (6 g.) 
by steam-distillation; red crystals, setting-point, 14° (Found: 
N, 144%); hydrochloride, m. p. 95° (Found : N, 12-3; Cl, 15-1%); 
picrate, m. p. 143° (Found: N, 16-6%). 

Nitration of Dimethyl-p-anisidine.—The amine (3 g.) in con- 
centrated sulphuric acid (7 c.c.) was gradually treated at 0° with 
a mixture of nitric acid (1-4 c.c.; d 1-5) and sulphuric acid (5 c.c.) 
and almost immediately poured onice (200 g.). From the neutralised 
mixture, steam-distillation slowly removed 2-nitrodimethyl-p- 
anisidine, which crystallised from alcohol in large, deep red parallel- 
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epipeds, m. p. 44° (Found: N, 14-5. C,H,,0,N, requires N, 
143%). The picrate crystallised from alcohol in large rectangular 
plates, m. p. 175° (Found: N, 16-8. C,;H,,O,)N; requires N, 
165%). 

2- and 3-Nitrodimethyl-p-anisidine both give yellow solutions 
in non-dissociating solvents, whereas in dissociating media, especially 
in phenol, intense red solutions are formed, 


The authors desire to thank the Imperial Chemical Industries, 
Ltd., for their various gifts. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, March 9th, 1932.] 
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By Mixprep E. Briynanp, W. J. Cec, Dykr, W. Haypn 
JoNES, and WiiiiamM J. JONES. 


TuIs paper describes the preparation and properties of certain 
stibines and their derivatives and of antimony] tartrates containing 
stibonium, arsonium, and phosphonium radicals. 

The only mixed stibines hitherto prepared are phenyldimethyl., 
phenyldiethyl-, diphenylmethyl-, diphenylethyl-, phenylcyclopenta- 
methylene-, and phenylcyclotetramethylene-stibine (Griittner, 
Wiernik, and Krause, Ber., 1915, 48, 1484, 1759; 1916, 49, 442; 
Ingold, Shaw, and Wilson, J., 1928, 1283). With the exception 
of tetramethylstibonium antimony] d-tartrate (Westphal, Dissert., 
Berlin, 1895, 28), no antimony] tartrates of phosphonium, arsonium 
or stibonium bases have been made, although several ammonium 
and alkaloidal salts of the tartar emetic type are known. 

Ethgldi-n-butylstibine was prepared by adding 50 g. of ethyldi- 
iodostibine (Auger and Billy, Compt. rend., 1904, 139, 597) in 200 
¢.c, of ether to the Grignard reagent (12 g. of magnesium, 69 g. 
of n-butyl bromide, 300 c.c. of ether) in an atmosphere of hydrogen. 
The mixture was treated with ammonium chloride solution, the 
ethereal layer dried, the ether expelled in a stream of carbon dioxide, 
and the residual liquid fractionally distilled under reduced pressure. 
Redistillation gave 4 g. of the stibine (Found: C, 45-1; H, 8-6; 
Sb, 45-6. OC, 9H,,Sb requires C, 45-3; H, 8:7; Sb, 46-0%), b. p. 
147°/43 mm., di? 1-155. Ethyldi-n-amylstibine (Found: C, 49-0; 
H, 9:0; Sb, 41-9. C,,H,,Sb requires C, 49:1; H, 9-3; Sb, 41-6%), 
similarly prepared from 75 g. of n-amyl bromide, had b. p. 167°/51 
mm. and d2 1-094. Ethyldicyclohexylstibine (Found: Sb, 38-4. 
C,,H,,Sb requires Sb, 384%) has b. p. 122—126°/15 mm, and 
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di 0-914. These three compounds, in similar yields, are obtained 
as clear liquids, which immediately become cloudy in the air, and 
char filter-paper. They reduce mercuric salts in the cold, and 
silver salts on warming, to the metal. 

Di-o-tolylethylstibine, needles, m. p. 102°, from alcohol (Found : 
C, 57-6; H, 5:4; Sb, 36-6. C,,H,.Sb requires C, 57-7; H, 5-8; 
Sb, 36-6%), di-m-tolylethylstibine, liquid, di 1-321 (Found: C, 
58-0; H, 5-7; Sb, 36-8%), and di-p-tolylethylstibine, needles, m. p. 
114°, from alcohol (Found : C, 57-5; H, 5-8°%), have the respective 
b. p.’s 196—201°/10 mm., 211—216°/15 mm., and 226°/5 mm. 
They were prepared from 85 g. of the tolyl bromide, 12 g. of mag- 
nesium, and 50 g. of ethyldi-iodostibine in 500 c.c. of ether in an 
inert atmosphere. The product in each case was distilled under 
reduced pressure, the ditolyl coming over first, followed by the 
stibine at a much higher temperature. 

The difficulty of preparing crystalline derivatives of stibines 
(J., 1930, 463, 1921) is particularly great when the stibine contains 
different hydrocarbon radicals. Where all three groups are alike, 
additive compounds are formed with greater facility, e.g., in the 
case of triisobutylstibine, of which the following derivatives have 
been obtained. The double oxide, (C,H,),SbO,Sb,0, (Found: 
C, 23-7; H, 45; Sb, 60-1. C,,H,,0,Sb, requires C, 24-0; H, 
4:5; Sb, 608%), an insoluble powder infusible up to 240°, is pre- 
cipitated during the aerial oxidation of the stibine. 'riisobutyl- 
stibine oxide (Found: C, 45:2; H, 8-4; Sb, 39-0. (C,H,),Sb0 
requires C, 46-6; H, 8-8; Sb, 39-4%] is obtained by shaking an 
alcoholic solution of the stibine with red mercuric oxide, decanting, 
and expelling the solvent. The gelatinous mass gradually solidifies. 
Triisobutylstibine dichloride (Found: C, 39-1; H, 7-6; Cl, 20-1. 
C,,H,,Cl,Sb requires C, 39-6; H, 7-5; Cl, 19-5%) has m. p. 91°, 
rhombs from ether or carbon tetrachloride; dibromide (Found: 
Br, 35-4. C,,H,,Br,Sb requires Br, 353%), m. p. 88°, white 
rhombic plates from acetone ; di-iodide (Found : I,46-0. C,,H,,I,8b 
requires I, 46-4°,) forms pale yellow crystals, m. p. 70°. Methyltri- 
isobutylstibonium iodide [Found : I, 29-4. CH,*Sb(C,H,),I requires 
I, 29-2%] is slowly formed in a concentrated ethereal solution of 
the stibine and methyl iodide; m. p. indefinite above 155°. Methyl- 
triisobutylstibonium mercuri-iodide [Found: I, 42-8; Hg, 22-7. 
CH,Sb(C,H,),1,Hgl, requires I, 42-8; Hg, 22-6%], prepared from 
the methiodide and mercuric iodide in hot alcohol, forms yellow 
needles, m. p. 119°, after recrystallisation from alcohol. The 
mercurichloride, CH,’Sb(C,H,),Cl,HgCl, (Found: Cl,.17-4; Hg, 
32-5. C,H, Cl,SbHg requires-Cl, 17-3; Hg, 32-6%), has m. p. 
117°. Methyltriisobutylstibonium chloroplatinate (Found: Cl, 20-9. 
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CygHgCl,Sb,Pt requires Cl, 20-8%), after recrystallisation from 
alcohol, forms orange needles, m. p. 158°. 

With a view to the preparation of mixed tertiary stibines con- 
taining the $-naphthyl radical, experiments on the stibonation 
of naphthalene have been carried out, but owing to poor yields 
of intermediate substances the original intention has had to be 
abandoned. §-Naphthylstibonic acid [Found: C, 39-6; H, 2-6; 
Sb, 40-9. C,,H,-SbO(OH), requires C, 40-2; H, 3-0; Sb, 408%] 
is obtained as follows (compare May, J., 1912, 101, 1037; Schmidt, 
Annalen, 1920, 421, 189; Riddell and Basterfield, 7'rans. Roy. 
Soc. Canada, 1929, 23, III, 45): 96 g. of 6-naphthylamine in 3 1. of 
_ 2% hydrochloric acid are diazotised, and 300 c.c. of 30% hydro- 
chloric acid added, followed, with continued cooling and stirring, 
by a solution of 96 g. of antimony trioxide in 300 c.c. of 30% hydro- 
chloric acid. The precipitate is washed with water and added to 
6 1. of N-sodium hydroxide; when the evolution of nitrogen sub- 
sides (4 days), the brown by-product is removed, and the filtrate 
acidified with hydrochloric acid. The precipitated ®-naphthyl- 
stibonic acid is washed, dissolved in concentrated hydrochloric 
acid, and excess of solid ammonium chloride added; ammonium 
p-naphthylchloroantimonate, NH,Sb(C,)H,)Cl, (Found: Cl, 38:2. 
0, 9H,,NCI,Sb requires Cl, 39-9%), precipitated as a yellow powder, 
is washed with concentrated hydrochloric acid and added to 1 1. 
of water, which effects hydrolysis, yielding a pale salmon-coloured 
precipitate of 6-naphthylstibonic acid; this is dried over con- 
centrated sulphuric acid in a desiccator (average yield, 3-5 g.). The 
acid does not melt below 200°. 

8-Naphthylstibinous Oxide.—A solution of the stibonic acid in 
concentrated hydrochloric acid is diluted with aqueous methyl 
alcohol, cooled with ice, saturated, after addition of sodium iodide, 
with sulphur dioxide, and poured after several hours on ice and 
aqueous ammonia; a voluminous precipitate of the oxide is formed. 
When dry, the oxide (Found : C, 45-7; H, 3-2. C,)9H,OSb requires 
C, 45-3; H, 2°7%) begins to decompose at 160°. 

Several tetra-alkyl-phosphonium, -arsonium, and -stibonium 
antimony! tartrates have been prepared by metathesis from silver 
antimonyl tartrate and the corresponding iodide. Their con- 
stitution is proved by the facts that (a) with dilute hydrochloric 
acid they yield white precipitates which respond to the tests for 
antimonous oxide, (b) after oxidation to the antimonic state the 
solutions of the products give.with ammoniacal silver nitrate white 
Precipitates which on being warmed yield silver mirrors, (c) in 
solution they react quantitatively with iodine, (d) on being boiled 
With alkali solutions they yield a phosphine, an arsine or a stibine, 
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(e) quantitative elementary analysis yields results in accord with 
the assumed composition, and (f) their dilute aqueous solutions 
possess the same molecular rotation as potassium antimonyl d- 
tartrate. These compounds are in general very soluble in water, 
but difficultly soluble in cold alcohol or in ether. Their aqueous 
solutions react acid. When strongly heated, the compounds 
decompose with charring. 

Antimony present in the antimony! state was estimated in these 
compounds iodometrically ; when in the stibonium state the total 
antimony was converted by treatment with hot concentrated 
sulphuric acid into the antimonous state and estimated iodo- 
metrically. The stibonium antimony in methyltri-n-propylstib- | 
onium antimonyl tartrate has been obtained by subtracting the 
result for the former estimation from that for the latter. 

Tetraethylphosphonium antimonyl d-tartrate (Found: C, 32:2; 
H, 5-5; Sb, 28-2. C,,H,,0,PSb requires C, 33-3; H, 5-6; Sb, 
28-1%) is obtained in aqueous solution when equivalents of tetra- 
ethylphosphonium iodide and silver antimony] d-tartrate are mixed 
in solution, which is filtered, and it is isolated in quantitative yield 
by evaporating the solvent, the last traces in a vacuum desiccator 
containing phosphoric oxide. The salt forms a white powder and 
is very soluble in water but insoluble in ether, acetone, benzene, 
carbon disulphide, or chloroform. Tetra-n-propylphosphonium 
antimonyl d-tartrate (Found : C,39-1; H,6-9; Sb, 24-6. C,,H3,0,PSb 
requires C, 39-3; H, 6-6; Sb, 249%) is similar to the preceding 
compound. 

Dimethyldi-n-propylarsonium antimony] d-tartrate (Found: (C, 
30:1; H, 5-0; As, 15-1; Sb, 25-2. C,,H,,0,AsSb requires C, 
30-2; H, 5-1; As, 15-7; Sb, 25-5%) is obtained as a white powder 
from the methiodide of methyldi-n-propylarsine and silver anti- 
monyl d-tartrate. Methyltriethylarsonium antimonyl d-tartrate 
(Found: C, 28-5; H, 4:7; As, 16-3; Sb, 25-8. C,,H,,.0,AsSb 
requires C, 28-5; H, 4:8; As, 16-2; Sb, 26-39%) and tetraethyl- 
arsonium antimonyl d-tartrate (Found: C, 29-9; H, 5-4; As, 15-4; 
Sb, 25-1. C,,H,,0,AsSb requires C, 30-2; H, 5-1; As, 157; 
Sb, 25-5%) are white deliquescent solids, very soluble in water. 
Methyltri-n-propylarsonium antimonyl d-tartrate (Found: C, 33:0; 
H, 5-9; As, 14:5; Sb, 23-7. C,,H,,0,AsSb requires C, 33:3; 
H, 5-6; As, 14-8; Sb, 24:1%) and methyltri-n-amylarsoniwm anti- 
monyl d-tartrate (Found: C, 40-7; H, 6-4; As, 12-9; Sb, 20°. 
Cy9H490,AsSb requires C, 40:7; H, 6-8; As, 12:7; Sb, 20-7%) are 
not deliquescent, and the last is distinctly less soluble in water 
than the others. 

Methyltri-n-propylstibonium antimonyl d-tartrate [Found: (; 
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29:8; H, 5-1; Sb(-onium), 22-2; Sb(-yl), 22-0. C,,H,,0,Sb, 
requires, C, 30-4; H, 5-1; Sb(-onium) 22-1; Sb(-yl), 22-1%], pre- 
pared from tri-n-propylstibine methiodide, is very soluble in water. 

The specific rotations of these antimony] tartrates were measured 
in 2% aqueous solutions. The molecular rotations are in the 
following table; that the property is ionic is indicated by their 
constancy. In the third column are the py values of NV /100-aqueous 
solutions of these salts of antimony] tartaric acid. 


Antimony] d-tartrate. [M)p. 


Tetraethylphosphonium 456-7° 
Tetra-n-propylphosphonium 449°3 
Tetraethylarsonium 467-7 
Methyltriethylarsonium 453-9 
Dimethyldi-n-propylarsonium 459-0 
Methyltri-n-propylarsonium 466-7 
Methyltri-n-amylarsonium 457-5 
Methyltri-n-propylstibonium ................ écudgoks 468-2 
458-0 
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Growths of a fungoid nature appear in aqueous solutions of 
these antimony] salts after some weeks. 


TATEM LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. [Received, April 21st, 1932.] 





246. The Mobility of Growps containing a Sulphur 
Atom. 


By Davip T. Gipson. 


THE reaction between phenylsulphonylacetone (IV) and methyl 
p-toluenethiolsulphonate, giving  p-tolylsulphonylmethylthio- 
acetone (II) instead of the expected phenyl derivative (V) (J., 
1931, 2641), has now been found to take place in two stages, for the 
direct substitution product (V) can be isolated by using a consider- 
able excess of phenylsulphonylacetone and then converted by 
further action of methyl p-toluenethiolsulphonate into the tolyl 
derivative (II) : this can be reconverted into (V) by treatment with 
excess of methyl benzenethiolsulphonate. 

The constitution of (V) was confirmed by its preparation from 
phenylsulphonylacetone and methyl benzenethiolsulphonate (the 
possibility of exchange thus being eliminated) and by the fact that on 
hydrolysis and oxidation it gave the same disulphonylmethane (VI) 
as is obtained by oxidation of the condensation product of phenyl] 
mercaptan, formaldehyde, and methyl mercaptan. 

p-Toluenesulphonylmethylthioacetone (II) was similarly corre- 
lated with the corresponding p-toluene derivative (III). 
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Similar exchanges were observed when methyl p-toluenesulphon- 
ate reacted with phenacylsulphone and, rather more slowly, with 
ethyl phenylsulphonylacetate. 


C,H,CI-SO,-CH,SMe 


C,H,Me'SO,CH,"SO,Me 
—H,0 and HS-C,H Me 
C,H, Cl-SO,*CH,*COMe 22, (iI.) <——— | CH,0 
(XII) | HS-Me 


oxidation 


(ITa.) 


Pasirinis 


0, H,Me-SO,-SMe 


\ 
Ph-SO,*CH,-COMe —~————>_ C,H, Me’SO,CH(SMe)-COMe 





Ph:SO,CH(SMe)COMe <———— 


(V.) h-SO,*SMe 
hydrolysis 
Ph-SO,°CH,SMe C,H, Me-SO,*CH(S:C,H,Cl,)COMe 
(Va.) (XI.) 


oxidation 


C,H,Me’SO,°CH(SEt)-COMe (VIZ) 
Ph-SH) —H,0 and 


> 
CH,O ; ————> Ph:SO,°CH,°SO,Me CH,(SO,Me) 
Mord H J oxidation AVI. ‘ 2 2 2 2 


PhS0,"SPh 





Y 
Ph-SO,*CHMe-SO,Me (vi) Ph-SO,*CH(SO,Me), (X.) 


From 4-chlorophenylsulphonylacetone and excess of methyl p- 
toluenethiolsulphonate, (II) and 4-chlorobenzenesulphinic acid were 
isolated; with a deficit of the thiolsulphonate, 4-chlorophenyl- 
sulphonylmethylthiomethane (XTIT). 

Mixtures may well have been formed in all these cases, but by 
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using a fivefold excess of one reactant the principal component was 
readily purified. 

The work of Otto (J. pr. Chem., 1884, 30, 171) and of Ingold 
(J., 1930, 705) o1 the decomposition of sulphones, and especially 
that of Kenyon and Phillips (J., 1930, 1680; equations iii, iv, and v) 
suggests that the interconversion of these phenyl and p-tolyl deriv- 
atives is due, not to exchange of phenyl for p-tolyl, but rather to the 
phenylsulphonyl group separating as an anion and its place being 
taken by a p-toluenesulphonyl ion. If we may assume the methyl- 
thio-group would direct ortho—para in aromatic substitution as 
Hammick and Illingworth’s rule (J., 1930, 2358) indicates, then in 
an alkaline alcoholic solution of SMe*CH(SO,R)-COMe all the 
conditions (compare Ann. Reports, 1928, 26, 127) are present for 
the separation of R-SO,’, and the exchanges described above may be 
compared with Burton’s observation (J., 1928, 1653) that, in presence 
of tetramethylammonium acetate, phenylallyl nitrobenzoate is 
largely converted into cinnamyl acetate; and also with the re- 
arrangement of 2-naphtholsulphone, which Smiles (J., 1931, 3264) 
considers is facilitated by the strongly positive character of the 
carbon atom. This explanation receives support from the observ- 
ation that -toluenesulphonylmethylthioacetone (ITI) is largely 
converted (with hydrolysis of the acetyl group) into the corre- 
sponding 4-chlorobenzene derivative (XIII) by warming in alcohol 
with sodium 4-chlorobenzenesulphinate : 


R-SO, R-SO,’ 


+ 
SMe-CH-COMe <—> SMe-CH-COMe <—> SMe’CH-COMe 


NaSO,R, <-> Na’ + SO,R,’ OR, 
In the experiments described below, the excess or deficit of the 
attacking ions has determined the main course of the reaction. 
Various unsuccessful attempts to convert phenylsulphonylacetone 
into p-tolylsulphonylacetone by treatment with excess of sodium 
p-toluenesulphinate confirm the view that the methylthio-group is 
essential to the exchange. It has indeed long been known (Otto, 
loc. cit.) that the sulphonylacetones and sulphonylacetic acids 
decompose in alkaline media readily to yield sulphones : 

R:SO,°CH,'COR —> R’SO,°CH, + HO-COR. 

On the other hand, Stuffer (Ber., 1890, 23, 3226) showed that the 
disulphonylmethanes (e.g., VI) are very much more stable to 4lkalis 
than the sulphonylacetones. Although they react readily with 
methyl p-toluenethiolsulphonate, forming disulphonylmethylthio- 
methanes, no indication of exchange of RSO, groups has been ob- 
served even by using a tenfold excess of the thiolsulphonic ester. 
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This indicates that the enolisation of phenylsulphonylmethylthio- 
acetone plays a part in the exchange, for this factor is absent in 
disulphonylmethylthiomethanes (compare Bell, J., 1931, 2346), 
but it fails to explain why even with sulphonylacetones no exchange 
should occur when the thiolsulphonic ester is purely aromatic (e.g., 
Ph-SO,°SPh). 

In investigating this point, a further complication was re- 
vealed, for it was found that the alkylthio-groups were also 
susceptible to exchange; e.g., phenylsulphonylmethylthioacetone 
was readily converted by ethyl p-toluenethiolsulphonate into 
p-tolylsulphonylethylthioacetone (VII). Further, the replacement of 
the alkylthio-group is not necessarily accompanied by that of the 
arylsulphonyl group, for 2 : 5-dichlorophenyl 2’ : 5’-dichlorobenzene- 
thiolsulphonate converted p-tolylsulphonylmethylthioacetone into 
p-tolylsulphonyl-2 : 5-dichlorophenylthioacetone (XI). The acid formed 
was practically pure 2: 5-dichlorobenzenesulphinic acid, m. p. 
119—120°, indicating that no exchange of the sulphonyl radicals 
had occurred. 

Now, Posner (Ber., 1905, 38, 646; 1907, 40, 4788) assumed 
that his oxidised condensation product of thiophenol with acrylic 
acid, m. p. 56°, must be either X*CH,*CH(SO,Ph)-CO,H or 
X-CH(SO,Ph)-CH,°CO,H. He preferred the latter (X = H), 
apparently overlooking the fact that both compounds had been 
synthesised by Otto (J. pr. Chem., 1889, 40, 5418; m. p. 115°: Ber., 
1888, 21, 95; m. p. 124°). Similarly, Posner’s oxidised thiophenol- 
cinnamic acid condensate (m. p. 172°; ethyl ester, m. p. 54°) cannot 
have had either formula (X = Ph), for the former (ethyl ester, 
m. p. 95°) was prepared by Michael and Comey (Amer. Chem. J., 
1883, 5, 118), and the latter (m. p. 173°; ethyl ester, m. p. 139°) by 
Kohler and Reimer (ibid., 1904, 31, 163). The experiments described 
in the present paper suggest that Posner’s discrepancies are to be 
explained by the (partial) migration of the sulphonyl group, giving 
rise to mixtures.. The uncertainty of deducing the constitution of 
such sulphide condensation products from their oxidation products 
is illustrated by several examples recorded by Ashworth and 
Burkhardt (J., 1928, 1797). 


EXPERIMENTAL. 


Methyl benzenethiolsulphonate, b. p. 123°/1 mm. (Found: ©, 
44-9;“H, 4-6. C,H,O,S, requires C, 44:7; H, 43%), was prepared 
by methylating (methyl sulphate) sodium benzenethiolsulphonate, 
obtained from crystalline benzenesulphonyl chloride and a 50% 
solution of sodium sulphide at 30°. 

Ethyl p-toluenethiolsulphonate (described as an oil by Otto, 
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Ber., 1882, 15, 129) was similarly prepared; it solidified after 
fractionation at 145—150°/1 mm. and had m. p. 32° after recrystal- 
lisation from alcohol. 

Phenylsulphonylmethylthioacetone (V), m. p. 60° (Found : C, 49-6; 
H, 515. C, H,,0,8, requires C, 49-25; H, 49%), was prepared by 
heating an alcoholic solution of phenylsulphonylacetone (1 mol.) 
and methyl benzenethiolsulphonate (1 mol.) with sodium carbonate 
(1 mol.). On hydrolysis it gave phenylsulphonylmethylthio- 
methane (Va), m. p. 84° (water) (Found: C, 48-0; H, 4-95. 
CsH, 0.8, requires C, 47-5; H, 495%), oxidation of which with 
permanganate gave phenylsulphonylmethylsulphonylmethane (VI), 
m. p. 147° (compare J., 1931, 2641). 

p-Tolylsulphonylmethylthioacetone (II), prepared similarly from 
p-tolylsulphonylacetone and methyl p-toluenethiolsulphonate, had 
m. p. 81° (alcohol). On hydrolysis it yielded p-tolylsulphonyl- 
methylthiomethane (IIa), m. p. 80° (water), which on oxidation 
gave p-tolylsulphonylmethylsulphonylmethane (III), m. p. 158° 
(benzene) (Found: C, 43-8; H, 5-05. C,H,,0,8, requires C, 43-6; 
H, 4-85%). When (II) was heated for 4 hours with methyl benzene- 
thiolsulphonate and a trace of sodium carbonate, and the product 
hydrolysed, crystals (ligroin), m. p. 80°, were obtained which de- 
pressed the m. p. of (IIa) but not that of (Va). The experiment was 
repeated, sodium carbonate being omitted : the product, m. p. 79°, 
depressed the m. p. of (V) but not that of (IT). 

Phenylsulphonylacetone (5 mols.) and methyl p-toluenethiol- 
sulphonate (1 mol.) with sodium carbonate gave an alkali-soluble 
product. After hydrolysis, the fraction more soluble in water 
melted at 80—83°. Mixed melting-point determinations showed 
that it was identical with (Va) and different from (Ila). 

p-Tolylsulphonylacetone (1 mol.) and methyl benzenethiol- 
sulphonate (3 mols.) gave a product, m. p. 59° (unchanged by V), 
and, on hydrolysis, a product, m. p. 79° (unchanged by Va, depressed 
by IIa). 

Replacement of the Methylthio-group.—Phenylsulphonylmethyl- 
thioacetone (V), heated for 2 hours in alcohol with sodium carbonate 
(Ll mol.) and ethyl p-toluenethiolsulphonate (15 mols.), gave an 
alkali-soluble product, which was precipitated by acetic acid. 
Recrystallised from that solvent, it melted at 93—94° and was 
identified as p-tolylsulphonylethylthioacetone (VII) by the m. p. 
(94°) of a mixture with a specimen prepared from p-tolylsulphonyl- 
acetone and ethyl p-toluenethiolsulphonate (Found: C, 53-0; H, 
$2. C,.H,,0,8, requires C, 53:0; H, 59%). An attempt to 
convert it with excess of methyl toluenethiolsulphonate into (II) 
was not wholly successful, for only a small fraction of the reaction 
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product melted at 78°. The difficulty is probably due to the 
incomplete conversion of ethylthio —-> methylthio, and as the 
latter is the more soluble, any unchanged ethylthio-compound 
separates first and the methylthio-compound must be sought in 
the mother-liquors. It was always easier to obtain pure p-tolyl 
derivatives from phenyl than vice versa, for the latter are usually 
the more soluble. 

p-Tolylsulphonylmethylthioacetone, 2: 5-dichlorophenyl 2’ : 5’- 
dichlorobenzenethiolsulphonate, and sodium ethoxide gave (4 
hours) 2: 5 : 2’ : 5’-tetrachlorodiphenyl disulphide (m. p. 79—81°), 
2 : 5-dichlorobenzenesulphinic acid (m. p. 119°), and a product, 
m. p. 104°, soluble in sodium hydroxide but insoluble in sodium 
acetate. After recrystallisation from alcohol, p-tolylsulphonyl- 
2 : 5-dichlorophenylthioacetone (X1) melted at 111° (Found: C, 49-7; 
H, 3-8; 8, 16-7. C,gH,,0,C1,8, requires C, 49-4; H, 3-6; S, 16-49%). 

Ethyl phenylsulphonylacetate, methyl benzenethiolsulphonate, 
and sodium carbonate (1 mol. of each) gave ethyl phenylsulphonyl- 
methylthioacetate, m. p. 84° (Found: C, 48-3; H, 5-2. C,,H,,0,8, 
requires C, 48-2; H, 5-1%), hydrolysis of which gave (Va), 
m. p. 84°. 

Ethyl phenylsulphonylacetate (1 mol.) and methyl p-toluene- 
thiolsulphonate (3 mols.) gave, after 20 hours, an alkali-soluble oil, 
which on hydrolysis gave crystals, m. p. 78—79° (unchanged by 
Ila, depressed by Va). The corresponding product after 3 hours’ 
reaction melted at about 65° and was evidently a mixture of phenyl 
and tolyl compounds. 

Phenylsulphonylacetone and dipheny] disulphoxide (equal mols.) 
with sodium ethoxide gave phenylsulphonylphenylthioacetone (VIII), 
m. p. 69—70° (Found: C, 58-6; H, 4-4. C,;H,,0,8, requires (, 
58-8; H, 4-6%). 

p-Tolylsulphonylacetone and _ di-p-tolyl disulphoxide gave 
p-tolylsulphonyl-p-tolylthioacetone (IX), m. p. 98° (Found: OC, 61-1; 
H, 5:3. C©,,H,,0,8, requires C, 61-1; H, 54%). It was different 
from phenylsulphonyl-p-tolylthioacetone, m. p. 99° (J., 1931, 2641). 
The latter was also obtained by the action of phenylsulphonyl- 
acetone (1 mol.) on di-p-tolyl disulphoxide (4 mols.) ; m. p. 94—95°, 
alone or mixed with the old specimen; m. p. 70—80° when mixed 
with (IX). This indicates that exchange of sulphony] radicals takes 
place very slowly, if at all, with purely aromatic disulphoxides. 
This is confirmed by the observation that p-tolylsulphonylacetone 
(1 mol.) and diphenyl disulphoxide (5 mols.) give p-tolylsulphonyl- 
phenylthioacetone, m. p. 83°, which is different from the other three 
compounds (Found : C, 60-0; -H, 5-2. C,,H,,0,8, requires C, 59°8; 
H, 5-0%). 
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Phenylsulphonylacetophenone (1 mol.), methyl p-toluenethiol- 
sulphonate (5 mols.), and sodium carbonate gave a solution, satur- 
ation of which with carbon dioxide precipitated a double salt, 
C,H,Me-SO,°CH(SMe)-COPh,Na,CO,, which was recrystallised from 
alcohol (Found: Na, 10-4. C,,H,,0,S,,Na,CO, requires Na, 10-8%). 
On hydrolysis it gave crystals, m. p. 80°, unchanged by admixture 
with (Ila). 

No Exchange of Groups in Disulphonylmethanes.—Phenylsulphonyl- 
bis(methylsulphonyl)methane (X), m. p. 225°, was obtained either by 
condensation of (VI) with methyl p-toluenethiolsulphonate (10 
mols.) and subsequent oxidation, or by condensation of bis(methyl- 
sulphonyl)methane and diphenyl disulphoxide (Found: S§S, 31-2; 
equiv., 328. C,H,,0,S, requires 8, 30-89%; equiv., 312). 

Similarly (interchanging “‘ phenyl” and “p-tolyl” above), the 
two samples of p-tolylsulphonylbis(methylsulphonyl)methane melted 
at 185° either separately or together (Found: C, 36-6; H, 4-4. 
CypH 40,8, requires C, 36-8; H, 4:3%). 

Phenyisulphonylmethylsulphonylmethane (1 mol.) and di-p-tolyl 
disulphone (Kohler and McDonald, Amer. Chem. J., 1899, 22, 219) 
with sodium ethoxide did not give the expected trisulphone. A 
small amount of the alkali-soluble product was insoluble in hot 
water, and was identified as phenylsulphonylmethylsulphonyl-p- 
tolylthiomethane (m. p. 169°) by comparison with the sample 
previously prepared. 

Phenylsulphonylmethylsulphonylmethane (1 mol.) and methyl 
p-toluenesulphonate with sodium ethoxide gave the corresponding 
sulphonyl-ethane (VIII), m. p. 101°, identified by mixed melting 
point with a specimen prepared from acetaldehyde (compare 
Peacock and Tha, J., 1928, 2303). 

4-Chlorophenylsulphonylacetone, from sodium 4-chlorobenzene- 
sulphinate and chloroacetone, melted at 79° (alcohol) (Found: C, 
46-7; H, 3-97; 8S, 13-8. C,H,O,CIS requires C, 46-5; H, 3-85; 
8, 13-83%). When it was treated with methyl p-toluenethiolsul- 
phonate (5 mols.) in alcohol (sodium carbonate), p-tolylsulphonyl- 
methylthioacetone, m. p. 80° (not depressed by II) and 4-chloro- 
benzenesulphinic acid (qualitative) were obtained. When, how- 
ever, the proportions of the reactants were reversed, and the 
alkali-soluble reaction product was precipitated with acetic acid 
and hydrolysed with dilute soda solution, 4-chlorophenylsulphonyl- 
methylthiomethane, mm. p. 93° (dil. acetic acid), was obtained (Found : 
C,40-4; H, 4-2. C,H,O,CIS requires C, 40-6; H, 3-8%). 

The same compound was also obtained by heating p-toluene- 
sulphonylmethylthioacetone in alcohol with a fourfold excess of 
sodium 4-chlorobenzenesulphinate and a trace of sodium carbonate, 
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The residue, insoluble in alkali, melted at 93° and gave no depression 
with the previous specimen. 

With anisole in concentrated sulphuric acid, (II), (V), (IIa), and 
(Va) gave reddish to purple colours; (I) and’ (IV), pale yellow; 
(IIT), (VIII), and (X), nil. 


The author is indebted to the Chemical Society for a grant 
towards materials, to the Carnegie Trustees for a Teaching Fellow- 
ship, and to Dr. Cuthbertson for facilities in carrying out micro. 
analyses in the Biochemical Laboratory of the Royal Infirmary. 
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247. Derivatives of cyclo-2 : 5-Dithia-3 : 4-dimethylene- 
stibine. 


By Rosert Epwarp Davip CLARK. 


In view of the recent publication of the preparation of derivatives 
of cyclo-2 : 5-dithia-3 :4-dimethylenearsine (Cohen, King, and 
Strangeways, J., 1931, 3056) it seems advisable to publish a pre- 
liminary account of an investigation which was designed to discover 
a type of derivative containing an asymmetric antimony atom 
suitable for resolution. 

When | : 2-dimercaptoethane (1 mol.) was added to a hydro- 
chloric acid solution of antimony chloride (1 mol.), 1-chlorocyclo- 
2 : 5-dithia-3 : 4-dimethylenestibine, eg >SbR (I; R=Cl), was 

2 


deposited. Treatment with hydrogen peroxide gave the hydrated 
oxychloride as an amorphous precipitate. Both compounds were 
hydrolysed slowly by hot alkalis or acids. 

Attempts were then made to surround the antimony by sulphur 
atoms. The chloride (I; R= Cl) and thiolacetic acid (or its 
disodium salt) in alcoholic solution gave no crystalline product, but 
in warm pyridine the pyridine salt of cyclo-2 : 5-dithia-3 ; 4-di- 
methylenestibine-1-thiolacetic acid was formed. The acid itself 
could not be obtained pure. 

m-Thiolbenzoic acid condensed with the chloride (I; R = Cl) on 
one occasion to give 1-m-carboxyphenylthiolcyclo-2 : 5-dithia-3 : 4 
dimethylenestibine (I; R = S*C,H,’CO,H), but in subsequent pre- 
parations an insoluble product was obtained instead. 

Compounds containing a phenyl group attached to the antimony 
atom were obtained by the action of the corresponding phenyl- 
di-iodostibines on the mercaptan. p-Tolyldichlorostibine (Hausen- 
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baumer, Ber., 1898, 31, 2914), easily obtained by the reduction of 
p-tolyistibonic acid with stannous chloride, condensed with 1 : 2- 
dimercaptoethane in methyl alcohol to give dimorphous 1-p-tolyl- 
eyclo-2 : 5-dithia-3 : 4-dimethylenestibine (I; R = p-C,H,). 

All efforts to prepare p-carboxyphenylstibonic acid directly from 
p-aminobenzoic acid were in vain. The methyl ester, however, 
reacted readily, and the product was reduced with stannous chloride 
and hydrochloric acid to p-carbomethoxy(or p-carboxy)phenyldi- 
iodostibine. This on treatment with methyl-alcoholic 1 : 2-dimer- 
captoethane yielded at first a crystalline compound the nature-of 
which was not completely determined. When warmed with sodium 
carbonate solution, this dissolved, and dilute acids threw out the 
free acid (I; R = p-C,H,°CO,H). In subsequent preparations the 
free acid was obtained directly together with a trace of the first 
compound. The compound was readily convertible into the anti- 
monic state, and it is thought that an analogous derivative from an 
unsymmetrical mercaptan, when converted into its oxide or sulphide, 
would be suitable for an attempted resolution. 


EXPERIMENTAL. 
1-Chlorocyclo-2 : 5-dithia-3 : 4-dimethylenestibine (1; R = Cl).— 


Antimony trichloride (7-5 g.) was dissolved in the minimum quantity 
of cold concentrated hydrochloric acid, 3-1 g. of 1 : 2-dimercapto- 
ethane added, and the mixture heated on the water-bath for 15—20 
minutes. The crystalline powder was collected and washed with 
water; a further 0-3 g. was deposited by the mother-liquor (total 
yield, 7-6 g.; 93%). The substance dissolved slowly in boiling 
alcohol and crystallised from hot benzene in needles, often several 
em. long, m. p. 124° (Found: Sb, 48-5. C,H,CIS,Sb requires Sb, 
486%). The crude product rapidly became yellowish-red in light, 
but the pure substance ‘coloured only after prolonged exposure. 
When it was treated (0-7 g.) in boiling alcohol (20 c.c.) with a slight 
excess of perhydrol, a white precipitate immediately formed, which 
was washed with spirit (Found: Sb, 42-95. C,H,OCIS,Sb,H,O 
requires Sb, 42-85%). 

Pyridine cyclo-2 : 5-Dithia-3 : 4-dimethylenestibine-|-thiolacetate.— 
The chloride (I; R = Cl) (2-5 g.) and thiolacetic acid (2-0 g.) were 
heated in pyridine (4 c.c.) on the water-bath for 2 hours and cold 
water was then slowly introduced until crystallisation commenced, 
The crystals were filtered off when cold and washed with water ; 
further dilution of the mother-liquor gave a small additional yield 
(total, 2-5 g.); m. p. 101° (Found: Sb, 31-2. C,H,0,8,Sb,C;H,;N 
requires Sb, 31-6%). The substance could not be recrystallised 
satisfactorily. 
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Condensation of the Chloride (I; R=Cl) with m-Thiolbenzoic 
Acid.—A solution of the freshly prepared acid (0-30 g.) in rectified 
spirit (10 ¢.c.) containing 3-9 c.c. (2 mols.) of N-sodium hydroxide 
was added slowly to a solution of the chloride (0-43 g.) in boiling 
spirit (30c.c.). The mixture was heated on the water-bath for a few 
minutes and poured into 100 c.c. of hot water (stage A). Addition of 
2-5 c.c. of N-hydrochloric acid and cooling produced needles, which 
were washed with water and cold alcohol and dissolved in hot 
aleohol. The filtered solution was quickly cooled, freed from a 
small deposit of impurity, evaporated somewhat, and allowed to 
erystallise. The product was recrystallised from spirit and obtained 
as colourless, highly crystalline nodules. It was acidic (Found: 
Sb, 33-3. C,H,0,S8,Sb requires Sb, 33-2%). 

In subsequent preparations a precipitate was obtained at the 
stage marked (A), e.g., 0-35 g. from 0-41 g. of m-thiolbenzoic acid and 
0-65 g. of the chloride (Found in two experiments : Sb, 53-2, 52-9. 
C,H,S,Sb-OH requires Sb, 52-7%). It was hydrolysed by hot 
dilute sulphuric acid to 1:2-dimercaptoethane and antimony 
chloride. 

p-Tolyldichlorostibine.—A solution of 32 g. of p-toluidine in 75 c.c. 
of hydrochloric acid and 150 c.c. of water was diazotised, and 45 g. 
of antimony oxide in 150 c.c. of hydrochloric acid and 50 c.c. of 
water added. The double salt was suspended in ice-water and treated 
with dilute sodium hydroxide solution, butyl alcohol being used to 
minimise frothing. After 12 hours, the filtered liquid was acidified 
and the precipitate produced was washed, nearly dried at 100°, and 
dissolved in 150 c.c. of warm hydrochloric acid. Water (100 c.c.) 
was added to remove coloured impurities, and the filtrate treated 
with ammonium chloride and hydrochloric acid. The double salt 
was washed with hydrochloric acid and decomposed by water (1 1.), 
and the precipitate dried. 10 G. of this p-tolylstibonic acid, dissolved 
in 30 e.c. of concentrated hydrochloric acid and 10 c.c. of water, 
were reduced with 10 g. of stannous chloride in 30 c.c. of acid. The 
p-tolyldichlorostibine, which crystallised, had m. p. 93-5° after two 
crystallisations from methyl alcohol containing a trace of hydro- 
chloric acid. 

1-p-Tolyleyclo-2:5-dithia-3:4-dimethylenestibine (I; R= 
p-C,H,).—p-Tolyldichlorostibine (9-0 g.) and 3-0 g. of 1 : 2-dimer- 
captoethane in 30 c.c. of methyl alcohol gave 6-0 g. of precipitate and 
a further 2-5 g. on standing (total yield, 88%). The compound, 
washed with methyl alcohol and recrystallised from light petroleum 
(b. p. 40—60°), was obtained as a mixture of long needles and small 
nodules, m. p. 90°. The former passed into the latter on standing 
with the mother-liquor. By seeding solutions with either form, 
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the compound was easily made to crystallise in that form alone 
(Found : Sb, 40-4. C,H,,58,Sb requires Sb, 39-8%). 

p-Carboxy(or carbomethoxy)phenylstibonic Acid.—Methy] p-amino- 
benzoate (7-5 g.) in hydrochloric acid (20 c.c.) and water (20 c.c.) 
was diazotised (sodium nitrite, 3-5 g.), and the filtered solution 
of treated with antimony trioxide (7-0 g.) in hydrochloric acid 
ch (30 c.c.). The solid cake obtained was stirred in ice-cold water (1 1.) 
while a large excess of sodium hydroxide was slowly added. After 


ne 


“ 2—3 hours, the liquid was filtered, acidified, and refiltered. The 
Pp dark brown powder (7-5 g.) obtained after drying was dissolved in a 
od hot mixture of concentrated hydrochloric acid (25 c.c.) and methyl 
1: alcohol (25 c.c.) and water was slowly added until the material being 
: precipitated lost its black colour. The tar was removed, and the 
he acid (7-0 g.) precipitated from the filtrate by addition of water (1 1.). 
ad p-Carboxy(or carbomethoxy)phenyldi - iodostitine—6-0 G. of the 
9 above crude acid were dissolved in hydrochloric acid (18 c.c. with 
ot 6c.c. of water) on the water-bath, and to the cooled, deep brick-red 
. solution 5 g. of stannous chloride in 18 c.c. of hydrochloric acid were 
y added. ‘Tar was removed, now and after 12 hours, and to the filtrate 
P potassium iodide solution was added until no more precipitate 
a formed. This was oily at first but finally solidified; after being 
c washed with water and dried in a vacuum, it sintered at 107° and 
od melted at 120—132°. It could not be obtained pure. 
os Condensation with 1 : 2-dimercaptoethane. A solution of the crude 


od di-iodide (5 g.) in boiling methyl alcohol (20—30 c.c.) was chilled, 
of 10 g. of 1: 2-dimercaptoethane added, and the white precipitate 
filtered off and recrystallised three or four times from glacial acetic 
ed acid; m. p. 138° (Found: C, 31:3; H, 2-9; Sb, 32-4. The methyl 
lt ester, C,,H,,0,8,Sb, requires C, 34-5; H, 3-2; Sb, 348%. Atomic 
) ratios found, C: Sb: H = 10: 1-02:11-1). Sufficient material for 
od further work was not available. The compound was non-acidic, 
but dissolved in hot sodium carbonate solution to give the sodium 
he salt of an acid, m. p. 199°, which could be precipitated by hydro- 
chloric acid. This acid was obtained as the main product of the 
foregoing preparation in subsequent experiments (with a different 
sample of di-iodide) together with small quantities of the compound, 
m. p. 138°. It crystallised from acetic acid, being much less 
soluble than the previous compound [Found : Sb, 36-5; equiv. by 
ad titration with sodium hydroxide, 267 (at room temperature), 299 
d (at 0°), 236 (by heating with excess of sodium hydroxide on the 
; Water-bath for a few minutes, and back-titration with acid). 
CJH,O,S,Sb requires Sb, 36-2%; equiv., 334]. An acetic acid 
solution reacted readily with 1 mol. of iodine and a microcrystalline 
precipitate, probably of the stibinic oxide (halogen-free), separated. 
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Treatment with iodine (1 mol.) in chloroform gave long needles, 
m. p. 164—170°, containing iodine, but satisfactory analytical 
figures could not be obtained. 































The author is indebted to the Department of Scientific and In- 
dustrial Research for a maintenance grant, to St. John’s College 
for a Slator Studentship and Taylor Exhibition held during the course 
of this work, and to Dr. W. H. Mills for his kindly interest and help- 
ful criticism. 


Universiry CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, April 23rd, 1932.] 





248. 2:4-Diamino-1-methylnaphthalene. 
By Henry Wit11aAm THompson. 


2 : 4-DIAMINO-1-METHYLNAPHTHALENE has been synthesised by the 
methods outlined below, in order that it should serve as a standard in 
connexion with the orientation of the products of nitration of 
1-methylnaphthalene. 

Following the procedure of Atkinson and Thorpe (J., 1906, 89, 
1906) for the lower homologue, phenylmethylacetonitrile was 
condensed with ethyl sodiocyanoacetate to give ethyl «-cyano-f- 
imino-y-phenylvalerate (I; R = Me). This ester was converted by 
treatment with sulphuric acid into ethyl 2 : 4-diamino-1-methyl- al 
naphthalene-3-carboxylate (II). After removal of the carbethoxyl T 
group, acetylation of the resultant diamine furnished 2 : 4-diacet- 
amido-l-methylnaphthalene (III), identical with the compound T 


ro 2B s&s & me 


za mo 


obtainable from authentic 2 : 4-dinitro-1-methylnaphthalene. VE 

Atkinson and Thorpe considered that methylation of ethyl « m 
cyano-$-imino-y-phenylbutyrate (I; R =H) occurred at the th 
y-carbon atom to give the substituted n-valerate (I; R = Me); Wi 
but the compound which has been obtained by following their pre- an 
scription is different from this ester. Moreover, the derived ring ye 
compounds and diaminohydrocarbons are different in the two ca 


series. As there can be no doubt about the position of the methyl H, 
group in the new compounds (I, R = Me, and derivatives), the position Ey 
assigned to the methyl group by Atkinson and Thorpe in the product ma 
of methylation of ethyl «-cyano-8-imino-y-phenylbutyrate would 
appear to be incorrect. Certain compounds in this series, however, me 
are subject to a peculiar form of isomerism, the nature of which has 
not yet been completely elucidated (compare Lees and Thorpe, J:, 
1907, 91, 1296; Gibson, Kentish, and Simonsen, J., 1928, 2131; 
Kentish, J., 1929, 1169; Lesslie and Turner, ibid., p. 1512), and 
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Professor Thorpe suggests that the present discrepancy may be 
explicable on similar lines : he intends to repeat the work of Atkinson 
and Thorpe and further investigate the structure of the products. 


CHR Me Me 
O:NH NH, HAc 
/CE-CO,Et 70,Et 
CN NH, NHAc 


(1.) (II.) (IIT.) 


EXPERIMENTAL. 

Ethyl «-Cyano-8-imino-y-phenylvalerate (I; RK =Me).—To a 
well-cooled mixture of ethyl cyanoacetate (43 g.) and a solution of 
sodium ethoxide (9 g. of sodium and 105 g. of alcohol), phenylmethyl- 
acetonitrile (50 g.) (V. Meyer, Annalen, 1889, 250, 123) was added, 
and the whole refluxed for 15 hours; the white paste slowly changed 
into a thick red jelly. A slight excess of dilute hydrochloric acid 
having been added, ether extracted a substance, which was washed 
with sodium carbonate solution and steam-distilled to remove 
unchanged cyano-compounds (50 g.). The non-volatile red oil, 
twice crystallised from a little alcohol, gave the ester (2—3 g.) in 
colourless needles, m. p. 107° (Found: C, 68-9; H, 6-7; N, 11-2. 
C4H,,0,N, requires C, 68-7; H, 6-6; N, 11-5%), and m. p. 80° 
when mixed with the substance, m. p. 93°, obtained by the methyl- 
ation of ethyl «-cyano-$-imino-y-phenylbutyrate (Atkinson and 
Thorpe, loc. cit.). , 

Ethyl 2:4-Diamino-1-methylnaphthalene-3-carboxylate  (II).— 
The pale green solution obtained by stirring the finely powdered 
valerate (2 g.) into ice-cooled sulphuric acid (4 c.c.) was after 3 
minutes poured into cold alcohol (20 c.c.), a little dry ether added, 
the crystalline sulphate collected, washed with a little alcohol and 
with much ether, air-dried for a short time (surface discoloration), 
and dissolved in cold water, and excess of ammonia added to the 
yellow solution. The precipitate crystallised from alcohol in 
canary-yellow micro-needles (1-2 g.), m. p. 115° (Found: C, 68-8; 
H, 6-3; N,11-3. C,,H,,0,N, requires C, 68-7; H, 6-56; N, 11-5%). 
Even in the dark, this compound changed into a black resinous 
mass, 

The corresponding compound prepared by Atkinson and Thorpe’s 
method (loc. cit., 1925) had m. p. 75° (these authors give m. p. 74°). 

2: 4-Diacetamido-1-methylnaphthalene (III1)—The carbethoxy- 
compound (0-5 g.) was heated on the steam-bath with alcoholic 
potash for 15 minutes, the alcohol distilled, concentrated hydro- 
thloric acid (50 c.c.) added to the residue, and the solution filtered 
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from potassium chloride and evaporated to dryness on the steam. 
bath under 30 mm. An aqueous solution of the yellow residue was 
mixed with sodium acetate, the amine removed in ether, in which it 
was very sparingly soluble, recovered, and shaken with hot water, 
the emulsion cooled, and a few drops of acetic anhydride added. 
The brown powder obtained, crystallised from acetic acid, had m. p. 
302°, and 303° when mixed with authentic 2 : 4-diacetamido-l- 
methylnaphthalene (see below). 

2 : 4-Diamino-1-methylnaphthalene—Water (20 c.c.) was added 
to a mixture of 2: 4-dinitro-l-methylnaphthalene (2 g.) (Vesely 
and Pastak, Bull. Soc. chim., 1925, 37, 1444) and phosphorus tri- 
iodide (25 g.). Slight warming initiated a violent reaction, which 
was completed by heating on the steam-bath for 1 hour. Excess 
of ammonia was added to the cold yellow solution; the sticky red 
precipitate, extracted with ether and crystallised from light petrol- 
eum—benzene, afforded a pale yellow micro-crystalline substance, 
m. p. 93° (Found: C, 76-5; H, 7-1; N, 15-4. C,,H,,N. requires 
C, 76-7; H, 6-98; N, 163%). This compound darkens considerably 
in the air. Atkinson and Thorpe (loc. cit., 1926) record m. p. 65° 
for their diamino-compound. The diacetyl compound (III), prepared 
by treating the amine with cold water and acetic anhydride, erystal- 
lised from alcohol (very sparingly soluble) in white flakes, m. p. 303° 
(Found: C, 69-9; H, 6-3; N, 10-5. C,;H,,0,N, requires C, 703; 
H, 6-25; N, 11-0%). 


The author wishes to thank Professor Robinson for his interest 
in the work and the Department of Scientific and Industrial Research 
for a maintenance grant. A number of the experiments were 
carried out during the tenure of a Keddey Fletcher-Warr Student- 
ship of the University of London. 


THe Dyson Perrins LABoRATORY, 
OxrFrorD. [Received, May 7th, 1932.] 





249. The Preparation of Unsymmetrical Diphenyl 
Derivatives. 


By Ian Russett SHERWOOD, WALLACE FRANK SuHortT, and 
RoGEeR STANSFIELD. 


THE symmetrical derivatives of dipheny] are readily obtainable by 
Ulimann’s copper-powder method (Annalen, 1904, 332, 38). The 
processes yielding unsymmetrical derivatives (Mayer and Freitag, 
Ber., 1921, 54, 347; Gull and Turner, J., 1929, 491; Lesslie and 
Turner, J., 1930, 1758; Spaith and Gibian, Monatsh., 1930, 55, 
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342; Bamberger, Ber., 1896, 29, 446; Gomberg and Pernert, J. 
Amer. Chem. Soc., 1926, 48, 1373; Kenner and Shaw, J., 1931, 769; 
Hinkel and Hey, J., 1928, 1200) are often unsatisfactory. 

The method now to be described is an extension of a recent 
synthesis of diphenyl (this vol., p. 1641) and is carried out in the 
following stages: (1) preparation of a tertiary alcohol (yield, 40— 
70%) from an arylmagnesium halide and a cyclohexanone or cyclo- 
hexenone; (2) dehydrogenation of the alcohol with sulphur, either 
directly or after dehydration (yield, at least 70%). The method is 
limited to the preparation of diphenyl derivatives which do not react 
with sulphur, and the presence of a methoxyl group introduces no 
complications. If, however, a hydroxyphenylcyclohexene is de- 
hydrogenated with selenium, the product is usually a mixture of a 
hydroxydipheny] with the corresponding hydrocarbon and as much 
as 30% of the phenol is sometimes dehydroxylated in this way. 
The behaviour of other substituents is under investigation. 

The method is especially suitable for the preparation of alkyl- 
diphenyls, since cyclohexanone, the methylcyclohexanones, piperi- 
tone, and menthone are available commercially and other alkyl- 
cyclohexanones may be readily obtained by the Haller—Cornubert 
method of alkylation. The scope of the method may be extended 
by preparing an arylcyclohexane, either by the Friedel-Crafts 
synthesis or by the method of Meyer and Bernhauer (Monatsh., 
1929, 53 and 54, 721), and submitting it to sulphur dehydrogenation, 

The usual procedure for the preparation of the Grignard reagents 
was adopted : in difficult cases reaction was initiated by the addition 
of 0-1 mol. of ethyl bromide or methyl iodide, and an equivalent 
excess of the ketone was used in the subsequent stage. The ter- 
tiary alcohols were occasionally accompanied by the corresponding 
hydrocarbon, owing to partial dehydration during distillation. 
Slightly higher yields of diphenyl derivatives were obtained when 
the tertiary alcohols were dehydrated before dehydrogenation. 
Dehydration was best effected by concentrated formic acid; the 
solution of the alcohol in this acid became turbid in a few minutes, 
and the hydrocarbon separated in quantitative yield. Dehydro- 

‘genation was effected with the theoretical quantity of sulphur 
(1 to 3 atoms according to the number of hydrogen atoms to be 
removed) and was complete in 3-5—5 hours at 180—250°. Inseveral 
instances the sulphur behaved as a dehydration catalyst, water 
being, evolved during the dehydrogenation at a temperature far 
below that at which the tertiary alcohol undergoes thermal decom- 
position. The alkyldiphenyls were all purified by distillation from 
sodium. 

peteipimagnoniom bromide and cyclohexanone afforded 1-o- 
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tolylcyclohexanol (b. p. 149—151°/14 mm.; 50% yield), which was 
dehydrogenated to 2-methyldiphenyl (b. p. 130—136°/27 mm.). 
Oxidation with potassium permanganate (Jacobson, Ber., 1895, 28, 
2547) yielded 2-phenylbenzoic acid, m. p. 113°. 

1-m-Tolyleyclohexanol, b. p. 162°/19 mm., obtained in 45% yield 
from m-tolylmagnesium bromide and cyclohexanone, furnished 
3-methyldiphenyl in 70% yield on dehydrogenation; b. p. 148— 
150°/20 mm., d2" 1-010, n3%" 1-5916, (Rz]p 5631 (cale., 55-03), 
Oxidation with 2% potassium permanganate gave 3-phenylbenzoic 
acid, m. p. 162°. 

Dehydrogenation of 1-p-tolylcyclohexanol (Sabatier and Mailhe, 
Compt. rend., 1904, 138, 1321) similarly afforded 4-methyldiphenyl 
(b. p. 184—136°/15 mm., m. p. 47-5°), which was oxidised to 
4-phenylbenzoic acid, m. p. 219—-220° (methyl ester, m. p. 115°). 

3-Pheny]-A!:*-menthadiene, b. p. 153°/18 mm., obtained in 
70% yield by the method of Read and Watters (J., 1929, 2170), 
afforded 5-methyl1-2-isopropyldiphenyl (80% yield) on dehydrogen- 
ation; b. p. 158°/19-5 mm., [R;]p 70:25. The molecular exaltation 
(1-36 units) is therefore of the same order as that of the isomeric 
2-methyl1-5-isopropyldipheny! (Rupe and Tomi, Ber., 1914, 47, 3070). 

1-p-Anisylcyclohexanol, obtained (44% yield) from p-anisyl- 
magnesium bromide and cyclohexanone, had b. p. 167°/20 mm. and, 
after recrystallisation from alcohol, m. p. 38°. Dehydrogenation 
furnished 4-methoxydiphenyl (b. p. 174°/18 mm., m. p. 189°; 
90% yield), which was identified by conversion into 3 : 4’-dinitro- 
4-methoxydiphenyl, m. p. 170° (Bell and Kenyon, J., 1926, 3048). 

2-Methoxy-5-methyldiphenyl.—To the well-cooled Grignard reagent 
prepared from 3-bromo-p-toly! methyl ether (Zincke and Wiederhold, 
Annalen, 1902, 320, 202) (32 g.), magnesium (3-6 g.), and ether 
(150 c.c.), was added gradually cyclohexanone (16 g.) diluted with an 
equal volume of ether. The mixture was finally boiled for } hour 
and worked up in the usual way. The 1-(4’-methoxy-m-tolyl)cyclo- 
hexanol had b. p. 182/19 mm. (16 g.; 36%) and, after recrystallis- 
ation from alcohol, m. p. 77° (Found: C, 76-8; H, 9-0. C,,H490; 
requires C, 76-4; H,9-1%). Dehydrogenation furnished 2-methozy- 
5-methyldiphenyl as a pale yellow oil, b. p. 170—175°/20 mm. The 
ether (2-8 g.) was demethylated by heating at 150° for 8 hours 
with hydriodic acid (d 1-7; 15 g.) and red phosphorus (0-5 g.), and 
the resulting 2-hydrowy-5-methyldiphenyl, m. p. 68°, recrystallised 
from light petroleum (b. p. 40—50°) (Found: C, 84-6; H, 66. 
C,,H,,0 requires 0, 84:8; H, 6-5%). 

1-Phenylnaphthalene.—a-Naphthylmagnesium bromide and cyclo: 
hexanone furnished a mixture. (ca. 50% yield) of 1-«-naphthyleyelo- 
hexanol with the corresponding hydrocarbon, which on dehydrogen- 
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ation afforded 1-phenylnaphthalene, b. p. 190°/12 mm., in 70% 
yield. Oxidation with potassium permanganate yielded 2-benzoyl- 
benzoic acid, m. p. 92°, or 124° after dehydration (Mohlau and 
Berger, Ber., 1893, 26, 1199). 

Diphenyl.—Crude cyclohexylbenzene, prepared from cyclohexanol 
and benzene (Meyer and Bernhauer, Monatsh., 1929, 53 and 54, 721), 
gave a lower yield of diphenyl (m. p. and mixed m. p. 70°) than is 
obtained by the dehydrogenation of 1-phenyl-A-cyclohexene (this 
vol., p. 1641). 


One of us (I. R.8.) gratefully acknowledges the award of a 
National Research Scholarship by the New Zealand Department of 
Scientific and Industrial Research. 


Tue LABORATORY, AUCKLAND UNIVERSITY COLLEGE, 
VIRGINIA AVENUE, New ZEALAND. 
AUCKLAND. [Received, May 9th, 1932.] 





250. Flame Speeds during the Inflammation of Moist 
Carbonic Oxide—Oxygen Mixtures. 
By Wr11AmM Payman and RicHaRD VERNON WHEELER. 


Ir we neglect losses of heat to the walls of the tube, the speed of 
propagation of flame during the “ uniform movement,” when the 
flame travels from an open towards a closed end of a tube of given 
diameter, can be regarded as depending on two factors : (1) The rate 
of conduction of heat from layer to layer of the mixture, which in 
turn depends mainly on the difference in temperature between the 
burning and the unburnt gases; and (2) the rate of reaction of the 
combining gases: for a given combustible gas, this varies with the 
composition of the mixture and with the temperature resulting 
from the reaction. It was demonstrated experimentally (Payman, 
J., 1920, 117, 48) that the maximum speed of uniform movement 
of flame in certain series of mixtures of combustible gases with air 
or oxygen is given by (a) a mixture containing insufficient oxygen 
for complete combustion when the mixtures are with air, and (6) the 
mixture containing combustible gas and. oxygen in combining 
proportion when the mixtures are with pure oxygen. 

The proof of (6) was given by two series of experiments with (1) 
methane and (2) hydrogen, but a few experiments were also made 
(in 1919) with mixtures of moist carbonic oxide and oxygen, with 
the following results, not hitherto recorded : 

an ie wnbstineee, O . .ncieroproananecernnaneoeebse 54-0 67-0 80-0 


. (2C0 + O,) 
‘Speed of uniform movement, cm. /sec. ...... 94:7 101-2 92-2 
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For these experiments a horizontal glass tube of 2-5 cm. internal 
diameter was used, and the determinations were made at 15° and 
755 mm. The mixtures were stored over a dilute solution of 
potassium hydroxide in water, but no special precautions were 
taken to ensure their complete saturation with water vapour. The 
results conform with those obtained with methaneand with hydrogen, 
but they were not published because previous experience had shown 
that with moist carbonic oxide the speed of flame varies considerably 
with the concentration of water vapour and is therefore subject to 
alteration from day to day if the temperature of saturation alters 
(see Payman, J., 1919, 115, 1454, and, for later experiments, Payman 
and Wheeler, J., 1923, 123, 1251). 

Recently, Bone and Fraser (Proc. Roy. Soc., 1931, A, 130, 542) 
have published results of experiments with moist carbonic oxide- 
oxygen mixtures which are in disagreement with ours, and state 
that “ the mixture giving the maximum initial speed of inflammation 
would be one containing rather less than 80 per cent. of carbonic 
oxide.’’ It therefore became necessary to repeat and extend our 
earlier experiments. 

Two points of difference between their results and ours have to 
be explained. First, there is a difference in the absolute speed of 
flame for a given mixture; e.g., whereas the speed we had obtained 
with a mixture containing 80% of carbonic oxide was 92-2 cm./sec., 
Bone and Fraser, who used a glass tube of the same internal diameter 
as ours, record speeds of 195 and 190 cm./sec. This difference 
might be due to differences in the degree of saturation of the mixtures 
with water vapour, for, although in Bone and Fraser’s experiments 
the temperature of saturation was lower (12—13°) than in ours 
(15°), they had presumably taken special precautions to saturate 
their mixtures, which were stored over mercury. 

The second difference lies in the position of the maximum-speed 
mixture on the speed-composition curve. Bone and Fraser's 
recorded results (loc. cit., p. 543 and Fig. 1) present too few deter- 
minations to fix the point of maximum speed. The tabulated figures 
suggest that the highest speed obtained experimentally was with a 
mixture containing 80% of carbonic oxide; the curve (Fig. 1) 
suggests 70%. On re-drawing the curve from the tabulated figures 
(on the assumption that a missing value for the percentage of 
carbonic oxide is 70), it is apparent that the correctness or otherwise 
of Bone and Fraser’s deduction, previously quoted, depends 
essentially on the value for the speed of flame obtained with one 
mixture, that containing 80% of carbonic oxide. The speed of the 
uniform movement of flame is constant under constant conditions 
of experiment, but considerable care is necessary in carrying out the 
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experiments, more particularly to avoid disturbance at the mouth 
of the tube before or on ignition of the mixture (see Mason and 
Wheeler, J., 1917, 111, 1054; 1919, 115, 578). 

For the experiments now to be described we used a horizontal 
glass tube of 2-5 cm. internal diameter and 126 cm. long. Ignition 
was effected by a coal-gas flame 3 cm. long. To ensure complete 
saturation of the mixtures with water vapour, they were passed 
from the storage holder, where they were contained over dilute 
aqueous potassium hydroxide, into the evacuated explosion tube in 
a fine stream through a bubbler containing water. To check the 
completeness of saturation of the mixtures, a test was made in 
which a measured volume, after leaving the bubbler, was passed 
through a weighed calcium chloride tube. A similar test with a 
mixture passed direct from the storage holder showed that the 
degree of saturation was only 85%. 

Although every effort was thus made to maintain the degree of 
saturation constant, yet it was realised that small changes in the 
temperature of the laboratory might vitiate the results. Three 
mixtures were therefore made of sufficient volume to allow of four 
experiments with each. The mixtures were used in rotation. The 
speeds of the flames were measured photographically. The results, 
obtained at 13-1° and 750 mm., were as follows : 


CO in mixture, % 65-1 78-5 
(2CO + O,) 
216 247 221 


: [ 210 "247 226 
Speed of uniform movement, cm./sec. ...... 212 252 296 


209 _ 226 


One result with the mixture 2CO + O, was valueless because the 
record crossed the joined ends of the photographic film. 

These records confirm our earlier work, inasmuch as they indicate 
that the maximum-speed mixture is that corresponding, roughly, 
with the mixture 2CO + O,. The speeds are higher than those 
obtained for corresponding mixtures in our earlier experiments and 
in those by Bone and Fraser. In our earlier experiments, the degree 
of saturation of the mixtures with water vapour was undoubtedly 
incomplete. 

A series of experiments was now made with a range of mixtures 
around 2CO + O, to determine the maximum-speed mixture more 
closely. The conditions were the same as in the previous series. 
The results were as follow : 

CO in mixture, % ... 59°5 64-5 66-1 69-0 73-9 79-8 
(2CO + O,) (3CO + O,) (4CO + O,) 
244 230 216 


Speed of uniform/232 239 247 
movement, cm. /sec. | 236 243 252 239 230 213 
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As a check on these measurements, we asked Dr. O. C. de C., 
Ellis, of the Safety in Mines Research Laboratories, Sheffield, to 
make similar determinations. This he did, using a tube of 2-55 cm. 
internal diameter and 130 cm. long, the mixtures being saturated 
with water vapour at 18-5° and 755 mm., with the following results : 
CO in mixture, % 70-1 76-8 81-7 
Speed of uniform movement, cm./sec. ... 268 257 222 212 

We can thus state that the maximum speed of uniform move. 
ment of flame in moist (i.e., “ saturated ”’) carbonic oxide-oxygen 
mixtures, when ignited at room temperature and barometric pressure 
at the open end of a horizontal glass tube closed at the other end, is 
obtained with a mixture corresponding closely to 2CO +- Og. 


Our thanks are due to Mr. H. Titman, B.Sc., for assistance in the 
experimental work described in this paper. 


Sarery tv Mryes ResearcH SrarTIon, 
Buxton. (Received, April 6th, 1932.] 





251. The Equilibrium Fe™+ I’ —Fe'+ 41, in 


Aqueous Solution. 
By H. M. Dawson and E. Spivey. 


In accordance with the important part which is played by inter- 
ionic forces in dilute solutions of electrolytes, it has been found 
that the mass action coefficient for the equilibrium Fe + I’ = 
Fe” +- 41, given by 

K, = (Fe"|(,}#/[Fe"JI]}. . |. (0) 


varies very considerably when the relative proportions or the 
absolute concentrations of the reactants are changed. If, however, 
the equilibrium is established in an aqueous solution in which the 
ionic environment is stabilised by the presence of a relatively large 
quantity of a foreign electrolyte, it would seem that the equilibrium 
relations should conform to the requirements of the classical mass 
action law and that K, should be constant. 

Brénsted and Pedersen (Z. physikal. Chem., 1923, 103, 307) have 
recently studied this equilibrium in a solution containing 1-65 mols. 
of potassium chloride per litre (with the addition of 0-1 mol. of 
hydrogen chloride to prevent hydrolysis of the ferric salt), and claim 
to have shown that the mass law holds under these conditions and 
that the value of K, at 25° is 21-1. These authors have taken 
account of the fact that the concentration of the free iodine is 
affected by the formation of tri-iodide (I,’), but have omitted to 
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realise that the formation of di-iodochloride (CII,’) has a similar 
influence on the proportion of the titratable iodine which is actually 
in the free condition. For this reason, the proof of the validity of 
the mass law and the value assigned to K, are unacceptable and the 
present authors have undertaken a further study of the equilibrium. 
In addition to variations in the relative and absolute concentrations 
of the reactants in an ionic solvent of fixed composition, the experi- 
ments to be described include an investigation of the effect of changes 
in the concentration of the relatively concentrated potassium 
chloride solutions which are used to stabilise the ionic environment. 
The following is a brief outline of the method which has been 
used for the determination of K,. It is assumed that the equilibrium 
in question has been established by dissolving weighed quantities 
of anhydrous ferric chloride and potassium iodide in the acidified 
concentrated solution of potassium chloride, and that the resulting 
solution has been titrated with standard thiosulphate. 
As a consequence of complex formation the constitution of the 
final solution is dependent on the equilibria represented by 
Cll,’ — Cl’ + I, corresponding with K, = [Cl‘][I,]/[Cll,’] (2) 
and I,’ — I’ + I, corresponding with K, = [I’][1,]/[I,'] - (3) 
If now a denotes the total original iodide concentration (equivs. 
per litre of potassium iodide used in the preparation of the solution), 
b the total chloride concentration (equivalents per litre of KCl +- 
HCl + FeCl,), and ¢ the total iodine (mols. per litre as determined 
by thiosulphate titration of the final solution) we have 
1’) + 205] + 301+ %CU,J=a. 2. 4) 
(C’]+[CIL’]=6 ... . . (§) 
h)+iel+(ClI=c . ... . @& 
The concentration of free iodine [I,] being represented by d, 
equations (2)—(6) may be shown to lead to the relations 
[Cll,’] = bd/(Kg+d)- -... . (J) 
(I,’] =c—d—bdf(K,+d) . .. . (8) 
[{I’]=a—3ce+d+bd/(K,+d) .. ~ (9) 
in which the concentrations of the simple and complex iodine-con- 
taining ions are expressed in terms of the known quantities a, 5, 
and c, the constant K,, and the concentration of free iodine d. If d, 


which is of the order of magnitude of 0-0001, is neglected in com- 
parison with K, = 0-6, it may be shown further that d is given by 


d= VKKy/[6+ K,)+e@—-e . . . (10) 
where ~~ ¢ = {K,(a — 3c) + K,(6 + K,)}/2(6 + Kz) 
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It follows that the concentrations of all the substances which are 
directly involved in the equilibrium Fe’ + I’ — Fe™ + 41, can 
be derived from the composition of the original solution and the 
thiosulphate titration of the equilibrium solution provided that the 
constants K, and K, are known for the concentrated potassium 
chloride solutions which are used as the solvent in the study of the 
relations expressed by equation (1). 

Determination of K, for the Equilibrium Cll,’ — Cl’ + 1,.— 
The value of K, has been derived from the measurement of the 
solubility of iodine in solutions of potassium chloride. The titratable 
iodine content of these solutions depends, not only on the extent to 
which the complex ion CII,’ is formed, but also on the salting-out 
effect of the chloride. If 6 is the total chloride concentration, c the 
titratable iodine concentration, and d the free iodine concentration, 
we may write 

[Cll,’] = ¢ —d, (Cl’]J=b—c+d,d=de 
and K, = (6 — ce + d)d/(c — d) 


where d, = 0-00132 is the value of d when pure water is the solvent 
and y is the coefficient which expresses the salting-out effect of the 
chloride in the solvent medium. The value of y has been obtained 


by the method described by Dawson and Carter (Proc. Leeds Phil. 
Soc., 1925, 1, 14), which leads to y = 0-172. 

Table I summarises the results obtained with (A) neutral KCl 
solutions, (B) KCl solutions containing 0-1 mol. of HCl per litre. 
In the latter series the salting-out effect of the hydrochloric acid is 
very small in comparison with that of the potassium chloride and 
has been neglected in the calculation of the free iodine concentration 


TABLE I. 


1-5 1-65 

3-440 3-575 
1-020 0-994 
0-633 0-635 


2-1 3-1 

3-955 4-530 
0-936 0-788 
0-650 0-652 


The values of K, in series A remain remarkably constant whilst 
the chloride concentration is raised from 0-5 to 3-0 mols. per litre; 
those in series B show a tendency to increase slightly. Since the 
relation between K, and the corresponding thermodynamic constant 
is given by K,* = Kofo‘ft,/fou,, it may be inferred that the activity 
coefficient ratio fo /fo,' is independent of the chloride concentration. 
For the purpose of this paper the value of K, will be taken as 0-635. 
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Determination of K, for the Equilibrium I,’ — I’ + I,.—In the 
absence of other salts, the value of K, for dilute iodide solutions at 
25° is 0-00138 (Jakowkin, Z. physikal. Chem., 1896, 20, 19). It 
cannot, however, be assumed that this value will hold for con- 
centrated solutions of potassium chloride, and the influence of the 
latter has been determined by measuring the solubility of iodine in 
such solutions containing variable and relatively small quantities 
of potassium iodide. Having regard to the circumstance that the 
K, values are to be utilised in the determination of K,, the chloride 
solutions were in every case acidified by the addition of 0-1 mol. of 
hydrochloric acid per litre. Since the iodide concentrations are 
very small, the salting-out effect is determined by the chloride 
content of the solutions, and it follows that the concentration of the 
free iodine, as well as that of the complex ClI,’, will be practically 
the same as in the corresponding chloride solutions which are free 
from iodide (compare Table I, Series B). Under these conditions, 
the required values of I’ and I,’ are given by the relations [I’] + 
(Iy'] = a, and [I,] + [Iy’] + [Cll,’] = e. 

The results obtained for the series of solutions with 1-65KCl + 
0-1HCl + aKTI as solvent are shown in Table II, in which c represents 
the measured solubility of iodine in mols. per litre at 25°. 


Tasxe II. 
I, = 0-000994; CII,’ = 0-00270. 
0-005 0-01 0-015 0-02 0-025 0-04 0-056 0-08 
5-52 7:45 938 11-32 13:27 19-12 25°50 35°35 
1-825 3-755 5-685 7-625 9-575 15-43 21:85 31-67 
3-175 6-245 9-315 12:37 15:42 24-55 34:15 48°35 
1:73 165 1-63 1-61 1-60 1-58 1-56 1-52 

It is apparent that K, is not constant but slowly diminishes as 
the concentration of the total iodide increases. The results obtained 
in corresponding series of experiments with solvents in which the 
concentration of the potassium chloride was 0-5, 1-0, 2-0, and 3-0 
mols. show a similar variation of K, with the concentration of the 
iodide, and it seems possible that this may be connected with the 
formation of small quantities of a higher polyiodide (KI;). 

If the values of K, for a fixed concentration of iodide (0-02 mol. 
per litre) and variable concentrations of chloride are compared, it 
is found that K, increases slowly with the chloride concentration. 
The actual results are shown in Table III, in which 6 represents the 
total chloride concentration (KCl + 0-1HCl) and c the total iodine 
concentration of the solution saturated with iodine. In every case 
the concentrations of the free iodine [I,] and of the complex di-iodo- 
chloride ion [ClI,’] are those which correspond with series B in 
Table I. 

302 
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Tasie# ITT. 


1-10 1-75 2-1 1 
11:38 11-32 11-24 10-8 
8-35 7-63 7:28 3 
* 11-65 12-37 12-72 13-7 
1-55 1-61 1-63 “7 


No entirely satisfactory explanation can be offered to account 
for the variations of K, shown in the above tables, but the changes 
are not of such magnitude as to interfere with the application of the 
results to the determination of K,, and for this purpose the values 
of K, recorded in Table III have been taken as a measure of the tri- 
iodide formation in the several chloride solutions which have been 
employed as solvents in the investigation of the equilibrium corre- 
sponding with K,. In consequence of the neglect to take account 
of the formation of CII,’ ions, the value of 10°K, = 6-11 given by 
Brénsted and Pedersen is quite erroneous. 

Determination of K, for the Equilibrium Fe™ + I’ =— Fe" + 
4I,.—-In the investigation of this equilibrium, the solutions con- 
taining weighed quantities of anhydrous ferric chloride and potassium 
iodide dissolved in the appropriate solvent were kept in a thermostat 
at 25° until equilibrium was attained (2—3 days). Suitable pre- 
cautions were taken to avoid contact with air in the preparation of 
the solutions and in the subsequent manipulation. The samples 
for analysis were run into an excess of cold water and titrated without 
delay. The data thus obtained give directly the values of [Fe] 
and [Fe] and the values of [I’] and [I,] are derived from equations 
(9) and (10) by the introduction of the values of K, and K, which 
are given by the experiments described in the previous sections. 
Table IV shows the results obtained with 1-65KCl + 0-1HCl as 
solvent. The first two columns give the molar concentrations of 
potassium iodide and ferric chloride in the original solutions; the 
next four give the values of [Fe***], [Fe’’], [I,], and [I’] in the state 
of equilibrium, and the last records the values of K;. 


TaBie IV. 


KI. en FeCl,. 10%. [Fe***]. 10°. ws *].10°. [I,].10%. [I’]. 10% Ky. 
2-44 1-195 1-245 0-139 1-155 10-6 

4-88 2-125 2-755 0-277 1-915 11-3 

12-20 4-72 7-48 0-615 3-625 10°8 

12-20 8-35 3°85 0-440 0-899 10-8 

, 24-40 20-02 4°38 0-526 0-466 10°8 

12- 24-40 14-85 9-55 0-948 1-850 10°7 
25-00 12-20 1-85 10-35 0-476 11-29 10-8 
25-00 24-40 8-69 15-71 1-070 5°57 10°6 


The values of K, are in close agreement, and K, = 10-8 may be 
taken as the value of the equilibrium constant in 1-65KCl + 0-1HCl 
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at 25°. For the same solvent, Brénsted and Pedersen obtained 
K, = 21-1, but if the experimental data of these authors are inter- 
preted in accordance with the procedure described in this paper, 
their results also give K, = 10-8, 

It may consequently be regarded as established that the equili- 
brium Fe** + I’ — Fe“ + 41, conforms very closely to the 
classical mass-action law when the ionic environment is stabilised 
by the use of a concentrated salt solution as the reaction medium. 
Nevertheless, it may be anticipated on thermodynamic grounds that 
the value of K, will depend on the actual concentration of the salt 
which is employed to stabilise the ionic atmosphere by eliminating 
such variations as would result from changes in the concentrations 
of the reactants directly concerned in the equilibrium. 

The relation between K, and the corresponding thermodynamic 
equilibrium constant K,* is given by 


Ky’= Ki fofo' fs 
where fy, f;, f2, and f, represent the activity coefficients of the iodine 
molecule, the iodine ion, the ferrous ion, and the ferric ion 
respectively. 

In accordance with the Debye—Hiickel theory, the dependence 
of the activity coefficients on the ionic strength p is given, at any 
rate approximately, by log f = — az*/u + Bu, where zis the valency 
of the ion concerned, « a general and § a specific constant. If «= 
0-5, it may be shown that 


log K, = log K,* — Daz*V/p + Epp 
= const. — 3V/u + (Bs + By — Ba — $B o)u 


and from what is known of the magnitude of the # values it is ex- 
tremely probable that the net effect of the » term will be small 
in comparison with that of the ~/u term for the available range of 
4 values. The conclusion may therefore be drawn that the equi- 
librium constant K, will diminish continuously as the ionic strength 
(determined by the chloride concentration) of the reaction medium 
increases. That this is actually the case is shown by the results 
recorded in Table V, which gives the values of K, obtained for 
solutions with potassium chloride concentrations ranging from 0-5 
to 3-5 mols. per litre, in each case with the addition of 0-1M-hydrogen 
chloride, In all these solutions the original concentration of 
potassium iodide was 0-0125M, and that of the ferric chloride 
00122M. The value of K, throughout is 0-635, and that used for 
K, is shown in the second column. 

From the figures in the last column of the table it is apparent 
that K, falls continuously as the concentration of the potassium 
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TABLE V. 

KCl, M. K,.10*. [Fe]. 10%. [Fe]. 10%. [I,].10%. [I’].10% K,. 
0-5 1-49 4°44 7-716 0-985 0-283 19-4 
1-0 1-55 4-59 7-61 0-778 0-326 14-2 
1-65 1-60 4°72 7-48 0-615 0-362 10-8 
2-0 1-63 4°73 7-47 0-561 0-374 10-0 
2-5 1-67 4-825 7-375 0-490 0-396 8-55 
3-0 1-71 4°85 7-35 0-441 0-409 7-8 
3-5 1-73 4-94 7-26 0-395 0-426 6-85 


chloride in the reaction medium increases. In a corresponding 
experiment with 0-1N-hydrochloric acid as the solvent (same initial 
concentrations of KI and FeCl,), the value obtained for K, was 
41-0. The data for this solvent are not, however, included in the 
table for the reason that this value of K, is not characteristic of the 
solvent. but varies with the concentrations of the reactants directly 
concerned in the equilibrium. 


Summary. 


The results described above show that the mass-action coefficient 
for the equilibrium Fe" + I’ — Fe” + 31, is constant when 
provision is made for the maintenance of constant ionic environment 
by the use of concentrated salt solutions as reaction medium. The 
analysis of the experimental data for solutions containing potassium 
chloride involves the appropriate consideration of the simultaneous 
equilibria CII,’ — Cl’ + I, and I,’—I’+I,. The value of K, 
depends on the salt content of the reaction medium, and decreases 
from 19-4 to 6-85 when the concentration of potassium chloride in 
the solvent is increased from 0-5 to 3-5 mols. per litre. This diminu- 
tion is qualitatively in accordance with theoretical predictions based 
on a consideration of the relation between the mass action coefficient 
and the thermodynamic equilibrium constant. 


Tue University, LEEDs. [Received, April 27th, 1932.] 





252. X-Ray Evidence of the Structure of the Furanose 
and Pyranose Forms of a-Methylmannoside. 


By Ernest Gorpon Cox and THomas Henry Goopwin. 





a-METHYLMANNOSIDE exists in two stable forms differing consider- 
ably in their physical properties. The normal form (m. p. 193°), 
first described by Fischer and Beensch (Ber., 1896, 29, 2927), has 
been allotted the pyranose form (I) by Haworth (J., 1927, 3136), and 
the second isomeride (m. p. 118°), prepared by Haworth and Porter 
(J., 1930, 649) and by Haworth; Hirst, and Webb (ibid., p. 651), is 
represented as a furanose form (II). The latter structure was 
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established by the conversion of the «-methylmannofuranoside into 
a tetramethyl-y-mannonolactone, which had previously been shown 
to possess a five-atom ring structure. 


“ke, “RL 


The validity of the above formule was contested by Hudson 
(J. Amer. Chem. Soc., 1930, 52, 1680, 1707) on the grounds that the 
process of methylation is accompanied by changes of ring structure. 
It has been demonstrated very conclusively (J., 1930, 2636, 2644, 
2653; 1931, 1349, 1354) that the pyranose and furanose formule 
were correctly assigned by Haworth in the first place; the present 
work was undertaken in the hope of obtaining some evidence of a 
physical nature to discriminate between the two ring forms. At 
this stage, it is not possible by means of X-ray investigation to 
determine precisely the position of every atom in an organic crystal 
of this kind, but we have been able to show fairly definitely that, 
in the crystalline state, the molecules of the two forms of «-methyl- 
mannoside have the above ring structures. At present no data for 
furanose sugars are available for comparison, but it is expected that 
considerably more evidence bearing on the present problem will 
result from examinations of various carbohydrates of this type 
which we intend to carry out in the near future. — 

a-Methylmannopyranoside.—Various crystallographic investig- 
ations of this substance are summarised by Groth (‘‘ Chemische 
Krystallographie,” Vol. 3, p. 444). It forms very good orthorhombic 
bisphenoidal crystals, which do not exhibit any tendency to elong- 
ation or flattening in any particular direction and show weak 
positive double refraction (0-009). The axial ratios are variously 
given as. a:b: c = 0-9383 : 1 : 0-9275 and = 0-9336 : 1 : 0-9249. 

Good crystals were easily picked out from a pure sample of the 
substance available in the Birmingham laboratory; from X-ray 
rotation photographs the dimensions of the unit cell were found to 
be a = 9-38, 6 = 9-99, and c = 9-23 A.U., with an accuracy of 
about 0-3%. The axial ratios are thus a:b: c = 0-939: 1 : 0-924, 
in agreement with the goniometric results. From suitable series 
of oscillation photographs the {001}, {010}, and {100} planes were 
found to be halved, with no other halvings, so that the space-group 
is Q*(P2,2,2,), which is characterised by three mutually perpen- 
dicular sets of two-fold screw axes. There are four asymmetric 
molecules in the unit cell, giving a calculated density of 1-481 g./c.c., 








1846 COX AND GOODWIN: Y-RAY EVIDENOR OF STRUCTURE OF 


whereas that found by flotation in «a-bromonaphthalene was 
approximately 1-48. 

In Table I the approximate intensities of the reflexions from some 
of the more important lattice planes are given. These intensities, 
with many others, were estimated visually, and are given in arbitrary 


units. 
TABLE I. 


hkl. I. hkl. Z, hkl. I. 

200 22 110 19 080 1 

400 14 020 1} 220 26 

600 0 040 20 002 8 

800 13 060 0 004 40 

In attempting to fit molecules into the cell, we are faced with 
considerable difficulties on account of the numerous forms which a 
hexoside molecule of given stereochemical configuration may have. 
In the case of the molecule based on a six-atom ring, the ring itself 
may have one of several forms, and there is a certain amount of 
latitude for the position of the attached groups; in the furanose 
molecule, on the other hand, we may reasonably assume that the 
five-atom ring is planar, but there is a large range of possibilities 
for the position of the side-chain atoms. Thus we find in this case 
that the dimensions of the unit cell alone provide no certain criterion 
for distinguishing between the possibilities of a five- or a six- 
membered ring. Considerations of the intensities of reflexions, and 
of the general physical properties of the crystals, do, however, give 
valuable information on this point. 

Previous work on the structure of the sugars has demonstrated 
the almost invariable occurrence of a dimension of about 4-5 A.U. 
(This is illustrated very well by the presence in all X-ray powder 
photographs of sugars of a very strong line corresponding with this 
spacing.) This dimension has been identified with the thickness 
of the molecule normal to the plane of the ring. In the case of 
a-methylmannopyranoside we may assume provisionally that the 
rings are approximately parallel to (001), since c = 2 x 4-62 A.U. 
On comparing this with the value 4-55 A.U. obtained in the case of 
8-mannose: (Marwick, Proc. Roy. Soc., A, 1931, 134, 621), it seems 
that the introduction of the CH, group does not increase the ring 
thickness appreciably, as was inferred also in the case of xylose 
(Cox, this vol., p. 138). Since the (004) reflexion is so strong, the 
four molecules are evidently arranged at approximate relative 
depths 0, ¢/4, c/2, and 3c/4 in the direction of the c-axis; this would 
account also for the relative weakness of the (002) and (006) reflexions. 
The complete absence of a (008) reflexion might be due to the ring 
being puckered, or simply to the depths being slightly different 
from those suggested above. So far, the agreement with experiment 
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could be obtained equally well with either a five- or a six-membered 
ring, but this is not the case when the arrangement of the molecules 
in the other directions is considered. 

The form of the six-atom-ring molecule which appears to be most 
satisfactory is shown in Fig. 1, the oxygen atoms being shaded and 
the hydrogens omitted. In Fig. 2 a plan of the unit cell on (001) is 
shown, with four such molecules arranged to comply with the 
symmetry conditions and also to give agreement with the principal 
reflexion intensities. The approximate depth of each molecule 


below the (001) plane is indicated. From Fig. 2 it can be seen 
qualitatively that (040) will give a much stronger reflexion than 
(020) owing to the concentration of atoms in layers at intervals of 
approximately 6/4 parallel to (010); further, since each of these 
layers has a puckered form giving rise to two planes of atoms about 
0-5 A.U. apart, the (080) reflexion will be very weak. With regard 
to the various orders of (100), it appears that the proposed structure 
will cause the (200) reflexion to be fairly strong, (400) weaker, and 
(800) strong. ‘This last reflexion is very strong indeed when allow- 
ance is made for its larger glancing angle; it suggests that possibly 
the ring is puckered, because in that case there would be a more 
pronounced concentration of scattering matter at intervals of a/8. 











1848 COX AND GOODWIN: X-RAY EVIDENCE OF STRUCTURE OF 


Also, as mentioned above, the puckered ring would account very 
well for the absence of the (008) reflexion. 

Since, finally, the structure proposed accounts for the (220) 
reflexion being somewhat stronger than the (110), it is seen that all 
the results of Table I can be accounted for qualitatively by the 
structure depicted in Fig. 2. It can be seen that this structure 
is almost equally strong in all directions and does not possess any 


Fia, 2. 





arrangement of molecules in well-defined rows or layers; this is in 
agreement with the facts that the crystals have low birefringence, 
do not show any tendency to elongation or flattening in any particular 
direction, and do not exhibit any marked cleavage. 

The principal results of the X-ray examination and also the 
physical properties of this substance can thus be accounted for by 
supposing that the molecule has a pyranose form ; we now show that 
a furanose molecule will not give such a good agreement. 
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As in the previous case, the thickness of the molecule would be 
identified with 4c, and to explain the intensities of the various 
orders of (001), the depths of the four molecules would have to be 
approximately 0, 3c/16, c/2, and 11c/16 parallel to the c-axis. Next, 
if we arrange the side chain as shown in Fig. 3, the dimensions of 
the molecule in the directions aa and bb are about 9-4 A.U. by 
5-0 A.U., i.e., the molecules would fit quite well into the cell in the 
other two directions. It would be more difficult in this case, how- 
ever, to arrange the molecules to make (040) so much stronger than 
(020) and (080), and moreover, it is found that a structure built up 
in this way gives (200) moderate, (400) strong, and (800) weak, in 
complete disagreement with the experimental results recorded in 

















Table I. These conclusions, coupled with the very satisfactory 
agreement afforded by the pyranose model, make the possibility 
of the existence of a five-atom ring in this substance very remote. 
Since the a and ¢ axes only differ by about 1%, all that has been 
said so far regarding the fitting of the molecules into the cell- 
dimensions would apply equally well if a and c were interchanged, 
i¢., if the plane of the rings were supposed parallel to (100). If this 
were so, then in order to get the right intensities for the orders of 
(100), the depths of the molecules would have to be approximately 
0, 0, a/2, and a/2 in the direction of the a-axis. This would give a 
structure with rather pronounced layers which we should expect 
to result in moderately strong negative double refraction, some 
indications of cleavage parallel to (100), and probably a tendency to 
elongation parallel to the a-axis; quite different physical properties, 
in fact, from those actually observed. These remarks apply to 
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structures involving either five- or six-membered rings, but par- 
ticularly to the former, since on the whole the furanose molecule is 
somewhat flatter. When the question of reflexion intensities is 
considered, the arguments brought forward previously regarding 
the orders of (010) would still be applicable; i.e., the pyranose ring 
would give better agreement than the furanose form. In the case 
of the intensities of {001}, there would be difficulty in making either 
form fit very well. 

The possibility that the molecules lie parallel to (010) need hardly 
be considered ; apart from the fact that this would give a consider. 
ably higher value than any found so far for the ring thickness, it 
would lead to greater difficulties than the preceding supposition in 
explaining the experimental results. It may be remarked that, 
apart from other considerations, the outstandingly great intensity of 
the (004) reflexion would strongly suggest that the rings are parallel 
to (001), as suggested earlier. 

The final conclusion is therefore that the crystalline structure 
of the ordinary form (m. p. 193°) of «-methylmannoside is approxi- 
mately as indicated in Fig. 2, being built up of pyranose molecules 
arranged with their six-atom rings parallel to the c-plane, or nearly 
so. The possibility of a satisfactory structure based on furanose 
molecules is remote. 

a-Methylmannofuranoside.—This substance had not previously 
been investigated crystallographically. The crystals used for this 
work were selected from part of the original preparation of Haworth, 
Hirst, and Webb (loc. cit.), which had been recrystallised several 
times. (The stability of the substance is shown by the fact that, 
although it had been kept in the laboratory without any special 
precautions for considerably over a year, there was no indication 
whatever of the presence of the pyranose form or, indeed, of any- 
thing other than the original material.) The compound crystallises 
in colourless needles, the largest being about 2 x 0-3 x 0-1 mm.; 
only one pair of faces, perpendicular to the smallest dimension of 
the crystals, was distinguishable with certainty. Since the crystals 
showed straight extinction under the polarising microscope, it was 
assumed that they were orthorhombic, the direction of elongation 
being taken as the c-axis, with the a-axis perpendicular to the above- 
mentioned pair of faces, which thus have the indices (100). 

Although the crystals were too poor to admit of goniometri¢ 
measurements, refractive-index determinations were made by the 
immersion method. Owing to the flattening on (100), the crystals 
lie on the microscope slide with their a-axes parallel to the micro- 
scope axis, permitting accurate measurements of two of the indices 
to bé made. Thus the indices for vibrations parallel to 6 axd.¢ 
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were found to be 1-549 and 1-518 respectively (both + 0-002). The 
third was very difficult to measure, but by using a matted mass of 
crystals, some were observed edge-on, the refractive index being 
approximately 1-54. These results give « = 1-518, @ = 1-54, and 
y == 1-549 for the D-line, « being parallel to c, and y to b. The 
double refraction is therefore fairly strong and negative, (100) is 
the plane of optic axes, and c is the acute bisectrix. These con- 
clusions are supported by the fact that the interference figure 
observed through (100) in convergent light appeared to be an optic 
normal figure. 

An X-ray examination was carried out by the single-crystal rotation 
method; the fact that rotation photographs about the three axes 
already chosen showed row lines as well as layer lines confirmed the 
orthorhombic symmetry. Further confirmation was obtained from 
a Laue photograph taken with the X-ray beam parallel to the a-axis, 
which, although somewhat mis-set on account of the poorness of 
the crystal, showed two planes of symmetry. ‘The dimensions of 
the unit cell were found to be a = 15-87, 6 = 11-73, and c = 4-64 
AU. (+0-3%), from which, with four molecules to the cell, the 
density may be calculated to be 1-482 g./c.c., that determined 
directly by the flotation method being 1-48. From the results of 
the examination of a number of oscillation photographs, the space- 
group was found to be Q* (P2,2,2,) (the same as the pyranose form). 
From this it appears that the molecules are asymmetric, as would 
be expected; also that the crystals are definitely orthorhombic 
bisphenoidal, since no other space-group has the same halvings as 
P2,2,23- 

In Table II the intensities of the reflexions from some of the more 
important lattice planes are given in arbitrary units; the relative 
values are not as accurate as those in Table I on account of the 
smallness of the crystals. 


TABLE II. 


hkl. I. Akl. d hkl. ; hkl. I. 
200 24 020 002 011 32 
400 2 040 004 021 0 
600 24 060 110 101 23 
800 j 080 220 201 30 


When the possible arrangements of the molecules in the unit cell 
aré considered, it appears fairly certain that they must lie parallel 
to (001), since the length of the c-axis (4-64 A.U.) is too small to be 
any dimension of the molecule except that perpendicular to the 
plane of the ring. It being assumed provisionally that the molecules 
are of the furanose form, the value of c indicates that the side chain 
~CH(OH)-CH,OH lies approximately in the same plane as the ring. 
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This conclusion may be drawn also from the work of Young and 
Spiers (Z. Krist., 1931, 78, 101), who found the values 4°73 and 
4:50 A.U. for the lengths of the c-axes of y-mannonolactone and 
2:3: 5: 6-tetramethyl-y-mannonolactone respectively. These two 
substances undoubtedly possess five-atom-ring structures, and their 
configuration, as regards the body of the molecule, is the same as 
that proposed for the substance now under discussion. A comparison 


of the present results with those for the y-mannonolactone is 
particularly interesting : 


Mannoside. Lactone. 
a@- 15-87 14-0 
b 11-73 11-1 
c : 4-64 4-73 
The increases in a and 6 are just those to be expected from the 
replacement of the doubly-bound oxygen by H and OCH. There 
is a very close resemblance to the case of $-methylxyloside (Cox, 
loc. cit.), where somewhat similar increases were found on replacing 
OH by OCH,. Another point of similarity is the slight decrease 
in the thickness of the ring on the introduction of the methyl group. 
Furthermore, this effect does not seem to be confined to the replace- 
ment of the reducing group only, since the value of c quoted above 
for the tetramethyl-lactone is less than that for either the lactone 
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or the glycoside. Evidently all the methyl groups lie in the same 
plane as the ring, while the flattening produced by their introduction 
may be due to a stretching of the C-O-C bonds in a direction radial 
tothe ring. That this flattening is not absolutely general, however, 
is shown by the case of mannose and «-methylmannopyranoside, 
where the addition of the methyl group increases c slightly. 
Proceeding now on the assumption that in the lattice of «-methyl- 
mannofuranoside the molecules lie with their rings parallel to (001), 
it is found that if the arrangement of the side chains is as shown in 
Fig. 4, then the dimensions in the directions xz and yy are about 
7-2 and 5-3 A.U., so that when allowance is made for the hydrogen 
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atoms, these dimensions will correspond with 3a and $6 respectively. 
(It will be observed that if the atoms are arranged in this way, they 
all lie, with the exception of the oxygen of the oxymethyl group, in 
two parallel planes about 1 A.U. apart.) If four such molecules 
are disposed in the unit cell as in Fig. 5, which shows a projection 
on (001), the resulting structure leads to intensities of reflexions 
which are in good qualitative agreement with the results given in 
Table II; the relative depths of the molecules parallel to the c-axis, 
0, c/8, c/2, and 5c/8 (which are indicated in the figure) are chosen to 
give approximately the observed relative intensities for (002) and 
(004), and also for (011), (021), (101), and (201). It would hardly be 
feasible to obtain more than a qualitative agreement with experi- 
ment at this stage, on account of the very large number of para- 





1854 X-RAY EVIDENCE OF THE STRUCTURE, ETC. 


meters in the structure, and the limited accuracy of the intensity 
measurements. 

The structure proposed is consistent also with the optical proper- 
ties of the crystals; on the whole, there is a preponderance of strong 
bonds parallel to (001), which would be expected to give rise to a 
fairly considerable negative double refraction, with the two higher 
refractive indices in the (001) plane; this is actually the case. 
Further, the observed elongation of the crystals parallel to the 
c-axis might be anticipated from such a structure. Thus, the 
physical properties and the results of the X-ray examination of this 
substance are in very good accord with the supposition that its 
structure is built up of furanose molecules. 

Turning to the possibility of a structure based on six-atom rings, 
the length of the c-axis, as in the previous case, would be identified 
with the thickness of the molecule. It is found that in order to fit 
the molecules into the cell in the other two directions, it is 
necessary to suppose that the methyl group, instead of having the 
position shown in Fig. 1, is situated much nearer to the second 
hydroxyl group. Four such molecules can then be arranged in the 
lattice so as to make the (200), (600), (020), and (002) reflexions 
strong, with the (040) and (004) weak, as required by Table II; 
however, (600) cannot be made as strong as (200) without making 
(400) too strong, while (220) is made weaker than (110) instead of 
stronger. The agreement in this case is therefore not good. A 
further objection is that the configuration of the half of the pyranose 
molecule to which the methyl group belongs (enclosed by the broken 
circle in Fig. 1) is exactly the same as that of the corresponding part 
of the $-methylxyloside molecule, so that we should expect the 
relative atomic positions in the two cases to be approximately the 
same. Now it appears (Cox, loc. cit.) that the methyl group in the 
xyloside is probably situated in the same position relative to the 
ring as shown for the mannopyranoside in Fig. 1, so that from this 
point of view it is unlikely that this molecule would have the form 
necessary for fitting into the furanoside cell. (Results for «-methyl- 
xyloside, to be published shortly, indicate that the methyl group 
has a similar position in this substance also.) There is finally the 
objection that the relations, mentioned above, between the cell- 
dimensions of the mannofuranoside and those of the :y-mannono- 
lactone, do not receive any rational explanation on the hypothesis 
of a six-atom-ring structure for the mannoside. 

We conclude that the crystalline structure of the new form (m. Pp. 
118°) of «-methylmannoside consists of molecules of a furanose type 
arranged approximately as shown in Fig. 5, and that the possibility 
of a satisfactory structure involving pyranose molecules is small. 
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These conclusions, taken in conjunction with those drawn from the 
examination of the mannopyranoside, indicate fairly definitely that, 
in the crystalline state, the molecules of the two forms of «-methy]l- 
mannoside have the ring structures which were originally assigned 
to them respectively on purely chemical grounds by Haworth and 
his co-workers. Implied in this is the inference that changes of 
ring structure do not occur during the reactions whereby the con- 
figuration of the mannofuranoside was determined, and this receives 
support from the comparison of the cell-dimensions of the manno- 
furanoside with those of the corresponding lactone. Other con- 
clusions to be drawn from this work are that the side chain in the 
furanose molecule lies in the same plane approximately as the ring, 
and that methyl groups, when present, also lie in this plane. 


The authors wish to record their appreciation of the helpful 
interest taken in this work by Prof. W. N. Haworth, F.R.S. 
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253. The Compounds of Lithium Chloride with Cobalt 
Chloride. Water as a Linking Agent in Poly- 


nuclear Kations. 
By Henry Basserr AND IsABELLA SANDERSON. 


An endeavour is being made in these laboratories to elucidate the 
nature of compounds of the common metals in which the latter 
appear to have low and unusual co-ordination numbers, the term 
co-ordination being used in the sense in which Werner used it and 
not in its crystallographic sense (Bassett and Croucher, J., 1930, 
1786). Sidgwick’s rule (J., 1924, 125, 532) gives us the maximum 
values of the co-ordination numbers of the various elements, but 
at present we have very scanty information as to what lower stages 
are normally possible. 

As with many other questions concerning co-ordination, the 
problem has to be dealt with to some extent statistically, and for 
that reason will entail much work in re-examining the evidence for 
many of the compounds given in the literature. So many of these 
do not exist at all and so many have been given erroneous formula, 
particularly as regards the degree of hydration, that false deductions 
are easily drawn when the material is employed statistically. 

The whole question of co-ordination numbers is linked up with 
that of complex-ion formation, and we have found the study of 
cobaltous salts particularly useful for our purpose owing to the fact 
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that kationic cobalt seems to be always red and anionic almost 
always blue, while in the non-ionic condition it generally gives rise 
to a pale blue colour distinct from that of the anionic blue. 

We were particularly anxious to obtain further information in 
respect of the less symmetrical complex anions such as [CoCl,,H,O]' 
in. connexion with work on cobalt chloride solutions (Bassett and 
Croucher, loc. cit.). For these reasons we have studied the system 
CoCl,-LiCl-H,0 at several temperatures. 

Chassevent (Ann. Chim. Phys., 1893, 30, 5) stated that he had 
obtained the compound LiCI],CoCl,,3H,O, of which he gave good 
analyses. He described it as forming fine sapphire-blue prisms 
which could be recrystallised unchanged from alcohol, and said it 
was formed when concentrated solutions of cobalt and lithium 
chlorides were mixed at ordinary temperatures. Unfortunately, 
he gives no details of the concentrations, quantities, or temper- 
atures actually employed by him, so it is difficult to repeat his work. 

As will be seen later, we have failed to obtain this compound, 
though we have obtained several others. It is possible that, by some 
chance, Chassevent may have obtained LiCl,CoCl,,3H,O. The 
compound HC1,CuCl,,3H,O appears to be definitely established by 
Foote’s phase-rule investigation (J. Amer. Chem. Soc., 1923, 485, 
663) and its existence might be regarded as rendering that of the 
above-mentioned complex chloride likely, in spite of the fact that 
no solid HC1,CoCl,,3H,O could be isolated (Bassett and Croucher, 
loc. cit.). We should expect it to be capable of existence if solubility 
conditions would allow it to separate, but we have come to the con- 
clusion that they do not. The fact that at 60° there is only a very 
short range of solutions in stable equilibrium with LiCl,CoCl,,2H,0 
between the curves for CoCl,,2H,O and 3LiCl,,CoCl,,6H,O, shows 
that the latter intersect in the stable region at a slightly lower 
temperature, so that there is no room for a compound LiCl,CoCl,,3H,0 
except, possibly, as a metastable phase. Chassevent’s description 
of the colour of his compound agrees well with that of our 
LiCl,CoCl,,2H,O, and it is possible that the solid analysed by him 
consisted of this in a somewhat moist condition. 7LiCl,2CoCl,,18H,0 
is the only one of the complex salts isolated which we should describe 
as forming fine prisms. If this is the compound obtained by 
Chassevent, it is much more difficult to account for his analyses. All 
these solids are extremely difficult to obtain dry and our attempts 
to use alcohol for purification hardly support Chassevent’s statement. 

Benrath (Z. anorg. Chem., 1927, 163, 396) examined the system 
at 25° and stated that a compound 4LiC1,CoCl,,10H,O was formed. 
His conclusion is quite erroneous, however, and this is chiefly owing 
to a fault from which much of his work seems to suffer, namely, 
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lack of sufficient observations. His solution points do not fall very 
well on our curves, but the few tie-lines that can be drawn from his 
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scanty results in the double-salt region agree much better with our 

results than with his conclusions. His points are shown on Fig. 1. 
In the anhydrous system, LiCl-CoCl,, one compound, 2LiC1,CoCl,, 

was indicated by the results of Ferrari (Atti R. Accad. Lincei, 1928, 
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7, 848). We have studied the system LiCl-CoCl,-H,0 at 0°, 25°, 
40°, and 80°, a few observations being also made at 45° and 60°. 
The results of our measurements are summarised in the tables, 
and represented graphically in Figs. 1 and 2. 
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The isotherm for 0° shows portions corresponding to the com. 
pounds CoCl,,6H,O; CoCl,,2H,O; LiCl,2H,O, and the double salt 
TLiCl,2CoCl,,18H,0 ; but CoCl,,2H,0 is entirely a metastable phase 
at 0°. At 25° the solid phases are CoCl,,6H,0; CoCl,,2H,0; 
LiCl,H,O, and two double salts, the one found at 0° 

(7LiCl,2CoCl,,18H,0) 
and a new compound richer in cobalt chloride (3LiCl,2CoCl,,6H,0). 
At 40° the solid phases are the same as at 25° except that the com- 
pound 7LiCl,2CoCL,18H,O has disappeared. At 80° the isotherm 
consists of only three branches, one corresponding to CoCl,,2H,0, 
one to a new double salt LiCl,CoCl,,2H,0, and the third appears, at 
first sight, to correspond to LiCl,H,0. 

It is found, however, that the tie-lines corresponding to this 
branch of the isotherm show, in an exaggerated degree, what was 
already noticeable in the corresponding branches of the isotherms 
for 40° and for 25°. The tie-lines do not all run to the point corre. 
sponding to the compound LiCl,H,O, but they spread out in the 
manner which always indicates that the solid phase consists of 
a series of solid solutions. It is certain that these are based upon 
LiCl,H,O, for the well-formed crystals have the regular octahedral 
form characteristic of this hydrate. The nature of the other 
constituent of the solid solution is clearly a matter of some interest, 
but before discussing this problem it is advisable to consider the 
probable nature of the several double salts found in the system. 

Since these all possess a fine blue colour, it can be accepted 
(Bassett and Croucher, loc. cit.) that they all contain the whole of 
the cobalt in the anionic condition. 

LiCl1,2H,O is presumably [Li(H,O),]Cl’, in which the lithium 
atom has a co-ordination number 2. According to Sidgwick’s 
rule, the maximum co-ordination number of lithium is 4, and all the 
lithium atoms in the compound 7LiCI,2CoCl,,18H,O seem to be 
4-co-ordinated. The only reasonable way of formulating the 
compound appears to us to be as follows : 

(Li,(H,O),9/"(Li,(H,O).F8[Cl,Co-Cl-CoCl, JV 
This shows a polynuclear anion containing two 6-co-ordinate cobalt 
atoms linked through one chlorine atom, the anion carrying seven 
negative charges. These are balanced by two polynuclear kations 
of the chain type (Bassett and Croucher, loc. cit., p. 1803). 

One of these contains four lithium atoms and the other three, all 
linked through two water molecules thus 


((H,O),Li(H,O).Li(H,0),Li(H,0),Li(H,0).)"" 


and [(H,0),Li(H,O),Li(H,O),Li(H,O),]"". It appears to us probable 
that this very complex compound may really have resulted from the 
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linking together of the two anions [CoCI,]’’” and [0° | corre- 
sponding to the above two kations with elimination of the mole- 
cule of water. These two relatively simple anions are probably 
both present in the blue solutions, though it would seem that 
solubility relationships are such that no solid compound actually 
containing them is able to separate from the lithium chloride system. 
It is conceivable that the complex double anion does not actually 
exist as such in the solution, but is only built up during crystal 
formation. Had the compound only contained 16 molecules of 
water instead of 18, it would have been possible to formulate it with 
a single polynuclear kation of the same type as the two we have 
actually assumed. The position of the point for the 16H,O com- 
pound on the diagram shows that our compound must have con- 
tained 18H,0. 

The compound 3LiCl,2CoCl,,6H,O appears to show a precisely 
similar process occurring with two anions containing 4-co-ordinated 
cobalt, and we formulate it as [Li(H,O),]",; [Cl;CoCICoCl,]’’’, the 
anion in this case resulting from the linking of [CoCl,]’’ and 

C , 
[rab ) 
The salt [Li(H,O),] 1.0 | corresponding to the last ion would be 


Chassevent’s compound, while the anion [CoC],]’’ corresponds to the 
anhydrous Li;[CoCl,]” found by Ferrari (loc. cit.). Our last com- 
pound LiCl,CoCl,,2H,O may also be a salt derived from the 


| ion, i.€., [Li(H,0)]"| Copy ; |, but we feel uncertain about 
2 2 


this for reasons now to be discussed in connexion with the solid 
solutions based on LiCl,H,O. The positions of the tie-lines relating 
to the latter suggest very strongly that the second constituent of the 
series of solid solutions is the compound 2LiCl,CoCl,,2H,O. When 
the latter is given the structure [Li,(H,O),]*[CoCl,]”, and lithium 
chloride monohydrate one corresponding to a termolecular formula 


[Lig(H,O)51"| Ligy'@,| the formation of such solid solutions is seen 
2 

to be quite reasonable, especially when calculation shows that the 
molecular volumes of [ Lise | and [CoCl,] are very nearly the same 


(94 and 92-4 respectively). This evidence that lithium chloride 
monohydrate is really (LiC1,H,O), was unexpected and immediately 
raises the question as to the cause of the polymerisation. Had the 
monohydrate really had the unimolecular formula, it would have been 
{Li(H,O)}'Cl’ in which the lithium would have had a co-ordination 
number 1, It is highly probable that such an unsymmetrical 
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1-co-ordinated lithium ion would be unstable with respect to the 
2- or 4-co-ordinated conditien. The simple chlorine ion is a perfectly 
stable structure though very ready to act as an electron “ donor” 
and become co-ordinated to other atoms which are short of electrons, 
The chlorine cannot be held responsible for the polymerisation of the 
monohydrate, though it helps to make it possible. The real cause 
of the polymerisation is to be sought in the need for the lithium to 
become either 2- or 4-co-ordinated. This it does by co-ordination, 
partly with chlorine ions and partly with water, to give the structure 
| Lig?ol | [Lig 8 | . It is the oxygen atoms of the water 
molecules which are co-ordinated to the lithium, both in the kation 
and in the anion. The water available in the solutions from which 
this compound separates and the spatial requirements of the 
crystals do not permit of each lithium atom having two water 
molecules to itself, so the two lithium atoms have to share the two 
water molecules, one bivalent binuclear kation being produced 
instead of two univalent kations. The above argument appears 
to make it quite clear that in this compound there is really a complex 
kation of the kind indicated. We consider that the compound 
affords direct proof of the correctness of the view (Bassett and 
Croucher, loc. cit., p. 1803) that in polynuclear kations linkage 
through water molecules can and frequently does occur. 

This instability of 1-co-ordinated lithium makes it unlikely that 


our compound LiCI,CoCl,,2H,0 has the structure [LiH,O7 | Cogy'f |. 


It is much more likely that it is (Li(H,0),LiJ"| Cosy 5 , although 
2 


2 
the possibility cannot be entirely excluded that it is 
[Li(H,0),]'s{Cl,CoCl,CoCl,]”. 

It is of interest to compare the compounds of rubidium and 
cwsium chlorides with cobalt chloride with those formed by lithium 
chloride. The rubidium and cesium compounds have been examined 
by Foote at 25° (Amer. J. Sci., 1927, 13, 158), and the compounds 
found agree very well with both our experimental results for the 
lithium compounds and the deductions we have drawn from them. 

The rubidium compounds found were 2RbCI,CoCl,,2H,O and 
RbC1,CoCl,,2H,0, and those of cxesium were 3CsCl,CoCl,, 2CsCl,CoCl,, 
and CsCl,CoCl,,2H,O. The two compounds of type RC1,CoCl,,2H,0 
clearly correspond to our lithium compound of the same type and 
will, presumably, have a similar structure, while 2RbCI,CoCl,,2H,0 
corresponds to the 2LiCl,CoCl,,2H,O constituent of our solid 
solutions, to which it gives important support. 

2RbC1,CoCl,,2H,O and 2CsCl,CoCl, are derived from the CoCl,” 
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ion, the anhydrous cesium compound Cs,CoCl, corresponding to 
Ferrari’s anhydrous lithium compound. Whether in the case of the 
hydrated rubidium compound one has the binuclear kation 
[Rb(H,O),Rb]” or two [RbH,OJ kations, it is not easy to say. In 
all probability all alkali-metal compounds which appear to contain 
(M,H,OY ions really contain the binuclear [M,(H,O),M]" ion. We 
should formulate the anhydrous 3CsCl,CoCl, as Cs’ [Cl,CoCl,CoCl,]¥4 
with a binuclear complex anion containing two 6-co-ordinated 
cobalt atoms. It is well known that cesium compounds have an 
even greater tendency to be anhydrous than have rubidium com- 
pounds. It is probable that a completely anhydrous alkali-metal 
ion is, in many ways, more stable than a monohydrated one would 
be, though not necessarily more so than a dihydrated one. 

Neither sodium nor potassium chloride forms any compounds 
with cobalt chloride at 25° (Foote, loc. cit.; Benrath, loc. cit.) or at 
20° (Mazzetti, Gazzetia, 1926, 56, 601). They both tend to turn 
cobalt chloride solutions blue, as do the chlorides of the other alkali 
metals, but solubility relationships are unsuitable for the separation 
of solid complex salts from aqueous solution. 

Benrath (loc. cit.) also examined the systems RbCI-CoCl,-H,O 
and CsCl-CoCl,-H,O at 25°. In the latter he found the same 
compounds as Foote, but he could not find the rubidium compound 


RbCI,CoCl,,2H,O and thought that it was a mixture of CoCl,,6H,O 
and 2RbCI,CoCl,,2H,O. We consider, however, that more value 
must be giver. to Foote’s results than to Benrath’s. 


EXPERIMENTAL. 


The materials employed were iron- and nickel-free cobalt chloride 
hexahydrate and anhydrous lithium chloride. The purity of the 
latter was considered satisfactory from the results obtained in the 
determination of the solubility of lithium chloride in pure water at 
25° (solid phase LiCl,H,O). Evaporation of the solution and con- 
version to sulphate gave a content of 45-98% LiCl in the saturated 
solution, whereas a determination of the chloride as silver chloride 
gave a value of 45-85% LiCl. This value for the solubility agrees 
very well indeed with Friend’s most recent determinations (J., 
1931, 3148) and so do our values for 0°, 40°, and 80°. 

Mixtures for each individual experiment were prepared from 
suitable weighed amounts of the two chlorides and water to give 
about 10 g. of solution and 1—2 g. of solid phase. All the solid 
was dissolved by heating, and the mixtures were allowed to crystal- 
lise at the experimental temperature. The mixtures were contained 
in thin, hard-glass bottles closed by corks. The latter were waxed 
at 0° and 25° but not at the higher temperatures. At 40° and above, 
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the bottles were hung in the thermostat with the corks projecting 
and were shaken frequently by hand. We found that attainment of 
equilibrium between solid and solution was rapid at all temperatures. 

The contents of the bottles were filtered in a jacketed filter tube, 
The moist solid was well pressed while in the tube on the pump, and 
then between filter paper. Cobalt and total chloride were estimated 
in solution and moist solid, the former as Co,0, after precipitation 
with a-nitroso-$-naphthol and strong ignition, the latter gravi- 
metrically. These results enabled the percentages of cobalt and 
lithium chlorides to be calculated. 


Temperature = 0°. 
Solution. Moist solid. Solution. Moist solid. 
a =a, Sold ————, ——. Solid 
CoCl,. LiCl. CoCl,. LiCl. phase.* CoCl,. LiCl. CoCl,. LiCl. phase.* 
2950 — — —— 10-47 31:56 38:13 14-69 a&d 
6-92 21:30 46-62 3-61 8-45 33-21 25-01 33-08 
4-75 25°67 43°75 5-42)a 4:41 36-24 23-17 33°82?-d 
7-71 31:90 4268 818 2-82 37:68 20-54 35-38 
711-06 31:73 46°52 5-99 0-92 40-43 17-50 39-41 d&e 
713-87 29-48 24-85 31:83 b&d 0-85 40-53 5-96 46.91} 
713-81 31-32 654-17 12-12 b — 40-87 — — 6 
+ Metastable region. 
b = CoCl,,2H,0. = Solid solution. 
ce = 3LiCl,2CoCl,,6H,0. = LiCl,CoCl,,2H,0. 
d = 7LiCI,2CoCl,,18H,0. h = LiCl,H,0. 


The lettering on the curves in Figs. 1 and 2 is in accordance with 


that in this table. 
Temperature = 25°. 


35-87 _ | 18-24 32-45 29-27) d&e 
26-81 18-36 32-68 28-76 § 


17-11 . 1-84 fF 17-60 32-96 33-48 


19-36 os 15°53 33-85 33-91 
20-56 6-1l a&b 13-08 35-44 90 34-37 
19-69 0:97 10°75 36-98 34-94 }d 
18-72 4-58 |, 10-65 37-14 34-22 
18-97 4-63 9-00 38-31 35-01 
20-32 31: 00 0-40 t 558 41-05 34-62 
20-16 28-49 4:55 43-11 41-23 dé&f 
19-20 32 28-57 'c 2-40 44-39 66-87 f 
$17-25 28-31} — 45-85 a Shy 


t Large crystals. 


Temperature = 40°. 

— —_— 24-30 30-68 
50-00 0-80 . 19-51 34-29 
53-62 0°43 18-97 34-73 
49-61. 3°35 16°36 36-75 
62:35 1:87 a&b 13-19 39-74 
69-21 381 716-04 38-66 
67-30 5-31 fs 7:97 42-71 
54-77 14-41 4-17 44-88 
47-58 18-27 b&e — 47-47 
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Temperature = 45°. 
Solution. Moist solid. Solution. Moist solid. 
—a_e5. en i oe ——. Solid 
CoCl,, LiCl. CoCl,. LiCl. phase.* CoCl,. LiCl. CoCl,. LiCl. phase.* 
32-93 12-78 69°56 1-65), 26:13 20-33 65-66 4:32), 
29-76 15°84 65-60 3-755 25°52 28-56 63-11 7-935 


Temperature = 60°. 


5-79 b 28-62 30-57 26-74 c&g 
21-76 b&g 27-84 31-64 22-02 g 


Temperature = 80°. 


— _— 26-29 37:25 38-00 37:05 f&g 
69-36 3-39;b (i) 25-85 37-48 13:32 58-51 
64-29 8-10 (ii) 24-99 37-93 9-28 60-46 
55-52 18-74 b&g 24-38 38-23 9-27 2438 


55-61 re! 17-16 42-09 4:86 64-56 
60-10 20-981 14-26 43-90 4:50 63-20 
53-31 23-82 | g — 6711 .—..— jh 
52-52 24-26 
(i) 0-3 G. of solid phase in 10 g. of solution. 

(ii) 3 G. of solid phase in 5 g. of solution. 


The extent to which solution could be removed from the moist 
solids depended partly on the nature of these. The compound 
3LiC1,2CoCl,,6H,O separates in very small needles, so it could never 
be obtained for analysis in anything but a relatively very wet 
condition, which accounts for the points in Fig. 1 corresponding to 
the moist solid being a long way from the point corresponding to the 
dry solid. In general, the wetness of all moist solids, as judged by 
eye, agreed well with the positions as plotted. This is of especial 
importance in connexion with the solid solutions of curve f, Fig. 2, 
and supports our method of drawing the solidus. 

The exact slope of the tie-lines in the region of solid solutions was 
found to depend upon the amount of solid phase separating from a 
given solution. This is bound to be the case (Bassett and Croucher, 
loc. cit., p. 1804). In the present instance it was found that the tie- 
lines were steeper the smaller the amount of solid phase separating, 
and this is illustrated by experiments (i) and (ii) in the last table. 

All the complex salts are blue, but the colour of LiCl,CoCl,,2H,O 
is quite distinctive, being sapphire-blue, i.e., of a purer and less 
purple blue than the other compounds. 

The compounds are readily distinguishable by their crystalline 
form. 7LiC1,2CoCl,,18H,O forms large prisms with pointed ends, 
the terminal angle being about 90°. The crystals are usually about 
twice as long as they are broad. 3LiC1,2CoCl,,6H,O forms very small 
needles with obliquely truncated ends. Owing to the smallness of 
these.crystals, they appear much paler.in colour than do the erystals 
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of the other compounds. LiCl,CoCl,,2H,O forms diamond-shaped 
plates, generally grouped in clusters. The solid solutions crystallise 
in octahedra, frequently showing skeleton forms. 


Summary. 

The system LiCl-CoCl,-H,O has been examined at 0°, 25°, 40°, 
and 80°, a few observations having been made also at 45° and 60°, 

Three definite complex salts exist within this range of temperature : 
TLiC1,2CoCl,,18H,0, 3LiCl,2CoCl,,6H,O, and LiCl,CoCl,,2H,0. 
Structural formule have been suggested for all of these. 

There is, in addition, a remarkable series of solid solutions based 
upon LiCl,H,O and 2LiCI,CoCl,,2H,O. The existence of these solid 
solutions leads, we consider, to the inevitable conclusions (i) that 
lithium chloride monohydrate is in reality (LiC],H,O),; (ii) that this 
polymerisation is due to instability of 1-co-ordinated lithium; 
(iii) that water molecules are capable of linking together the metal 
atoms of polynuclear kations. 


THE UNIVERSITY, READING. [ Received, March 30th, 1932.] 





254. Active Charcoal. Part I. The Adsorption Iso- 
therms of Organic Acids on Ash-free Charcoals. 


By CHARLES OOCKRENT. 


Ir is well known that, although the adsorptions of the members 
of an homologous series of organic substances in aqueous solution, 
at the air-solution interface, increase regularly as the series is 
ascended, yet at solid surfaces, such as charcoal, divergences from 
this rule of Traube are frequently observed. Much attention has 
recently been devoted to this problem, and a number of different 
theories have been developed to account for the mechanism of 
adsorption at irregular solid surfaces, and, in particular, charcoal. 
Sabalitschka and Finger (Diss., Berlin, 1927/28) found that with a 
sugar charcoal Traube’s rule for the adsorption of the monobasic 
aliphatic acids was reversed. This observation has been confirmed 
by Nekrassov (Z. physikal. Chem., 1928, 136, 18, 379) and also by 
Dubinin (ibid., 1929, 140, 81; 1930, A, 150, 145) and Bruns 
(Kolloid-Z., 1931, 54, 33). Dubinin showed that a sugar charcoal, 
activated by air at 550°, gave a series of adsorption values with 
aliphatic acids which obeyed Traube’s rule, but that an 800°. 
activated sugar charcoal gave a reversed series, and he suggested 
that the difference between the two charcoals lay in the possibility 
that the surface of the former was composed of an amorphous 
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modification while that of the latter consisted of a fine crystalline 
modification. Sabalitschka (Pharm. Z., 1929, 74, 1) suggested 
that the reversal of Traube’s rule could be explained on the ultra- 
porosity theory advanced by Herbst (Biochem. Z., 1921, 115, 204), 
ie., the fine capillary structure decreases the available adsorption 
area of the charcoal for the increasing molecular size of the ascending 
members of an homologous series; this view was not held by 
Nekrassov, who suggested that the difference between ash-free 
sugar charcoal (reversal of Traube’s rule) and the impure charcoals 
lay in their different structures, the former charcoal presenting a 
highly polar phase, greater than water, and so naturally led to a 
reversal of the Traube rule. More recently, Dubinin and Bruns 
(loce. cit.) have accepted the theory of ultraporosity, and with slight 
modifications this is substantially the view of Krezil (Kolloid-Z., 
1932, 58, 68). 

In a previous investigation (this vol., p. 613) on the adsorption 
of a number of organic acids by activated charcoal, it was found 
that the surface areas occupied per molecule of the various acids 
were different. The differences could be ascribed to (1) the available 
area of the charcoal being different for the different acids, or (2) the 
available area being the same, but the areas of the acid molecules 
different. It is also possible, however, that, while the areas of the 
various acid molecules are different, these differences might iimit 
the available area of the non-uniform surface of a solid, such as 
charcoal, since molecules of different sizes may occupy different 
parts of the surface, smaller molecules being accommodated in parts 
of the surface which may be too small for larger molecules. If the 
available area is independent of the size of the adsorbed molecules, 
then for any two given ash-free charcoals, the ratios of the amounts 
adsorbed should be the same for all adsorbed molecules. This can 
be tested by working with different charcoals prepared in various 
ways. With a view to investigate these problems, and also to 
elucidate the nature of active charcoal, the following investigation 
was carried out. 

ExPERIMENTAL. 

Preparation of Charcoals.—The ash-free sugar charcoal, activated 
by atmospheric oxygen, prepared in a previous investigation (loc. 
cit.), was used as the starting material for the preparation of other 
charcoals. This original charcoal is hereafter referred to as 
charcoal A. 

The agate mortar and pestle of an electrically driven grinding 
machine were subjected to steam, and some charcoal A was ground 
in it for several hours. ‘This was then rejected in case it contained 
impurities from the agate, and the cavities in the mortar and pestle 

3P 
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were thus filled with charcoal. More charcoal A was then ground 
for 120 hours continuously, the machine being enclosed in a box to 
keep out dust, and 6 g. of very finely divided charcoal were obtained 
(charcoal B). 

More of charcoal A was later ground for 72 hours continuously, 
the mortar and pestle being treated in the same preliminary fashion 
as before (charcoal C,). It should be emphasised that the periods 
of grinding are not to be taken as criteria for the relative fineness of 
charcoals B and C,, as certain improvements were made in the 
machine after the grinding of charcoal B. 

11-1 G. of charcoal C, were re-activated in porcelain boats, the 
apparatus employed being as described in the previous investigation. 
After the apparatus had been filled with the activating gas (purified 
atmospheric oxygen), the charcoal was degassed for 3 hours at 500°, 
and the activating gas (3 litres) was then admitted into the apparatus 
until the pressure was atmospheric. The gas was then allowed to 
flow over the charcoal, the temperature being maintained at 500°, 
at the rate of 119 c.c./min. for 20 mins., so that 2-38 litres were 
used; the charcoal was now allowed to cool in the closed vessel in 
an atmosphere of the activating gas. 9-7 G. of activated charcoal 
(C,) were obtained. Complete combustion of 0-7430 g. of this 
charcoal gave less than 0-0002 g. of ash. 

Adsorption Procedure.—25 C.c. of the aqueous solutions of the 
substances investigated were used throughout, and were placed in 
glass tubes with good fitting ground-glass stoppers. As in the 
previous investigation, the solutions were shaken in the tubes for 
1 hour by means of a slowly rotating series of discs to which the 
tubes were fastened. The tubes were then placed in a thermostat 
at 25° + 0-02° and kept for about 21 hours, and the solution was 
then separated by centrifuging and decantation. 

The substances investigated were organic acids, purified in the 
course of the previous investigation. Carbon dioxide-free distilled 
water was used to make up all the solutions, and the concentrations 
of the acids were estimated by carbon dioxide-free sodium hydroxide 
solutions (0-01N). All glass vessels used were first cleaned with 
strong alcoholic caustic potash, and then rinsed three or four times 
with tap water, three or four times with good distilled water, and 
dried in an electric oven. 

Experimental Data.—Adsorption isotherms of the following acids 
were obtained for the different charcoals. 


Acid. 


Trichloroacetic 
Salicylic 
Benzoi 
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The results obtained in the previous investigation for the adsorp- 
tion isotherms of these acids with charcoal A are referred to in the 
discussion. 

The charcoals showed markedly different behaviour on centri- 
fuging ; in every case the solutions containing the finely ground but 
subsequently re-activated charcoal C, were clear and colourless after 
a short period of moderate centrifuging (5 mins. at 5000 r.p.m.), 
and similar results were obtained previously with charcoal A, but 
all the solutions containing the finely-ground charcoals B and C,, 
with the exception of the trichloroacetic acid solutions with C,, 
gave brown solutions, due to the presence of colloidal or semi- 
colloidal charcoal particles, and these could not be made to settle 
by vigorous and lengthy centrifuging (45 mins. at 9000 r.p.m.). It 
is probable that, since trichloroacetic acid is the strongest of those 
used, the colloidal particles were coagulated by its presence, since 
the particles of charcoal C, settled quite as readily as those of 
charcoals A and C, after a similarly short period of moderate 
centrifuging. 

Discussion. 

In the previous investigation, it was shown that the results 
obtained with 7 different organic acids with charcoal A gave excel- 
lent agreement with the requirements of the adsorption theory of 
Langmuir (J. Amer. Chem. Soc., 1918, 40, 1360). According to his 
kinetic treatment, if the rate of adsorption is proportional to the 
concentration of solute in the solution and to the fraction of surface 
unoccupied by the solute molecules, and the rate of desorption is 
proportional to the surface concentration (i.e., the amount adsorbed), 
then for equilibrium, 


OT RE Rie 


where C is the concentration of solute in the solution, [ the number 
of adsorbed solute molecules per unit area, Ina, the number of 
adsorbed molecules in a saturated layer of the surface, and k the 
equilibrium constant. Equation (1) can be written in the form 


A/T soe BIC + Dene 58 0 Pie «0 cD 


The experimental values of 1/T plotted against 1/C should give a 
straight line, the slope of which is &, and the intercept on the axis 
at 1/T,ax, 7.€., where I is a maximum and all the available surface 
iscovered by a unimolecular layer of adsorbed molecules; 1/Tmax. 
is therefore the surface area occupied by an adsorbed molecule. 
It has already been shown (loc. cit.) that straight lines were obtained 
forall the acids investigated with charcoal A. In Figs. 1, 2, 3, and 
4, the 1/T-1/C curves for formic, acetic, monochloroacetic, and 
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trichloroacetic acids are compared for the different charcoals. The 
results obtained with salicylic acid are similar. 


Fie. 1. Fia. 2, 
Acetic acid. 











1/C¢. 1/C. 
1. Charcoal A. 3. Charcoal C,. 1, Charcoal A. 3. Charcoal C;. 
2 : B. 4. : 


we ” 4. ” C2. 2. 9 ” 


In the table are given the values of Iy,; extrapolated from the 
curves, and also the values of k, for all the acids with the different 
charcoals. 


, k. A/M.* Charcoal. Tmax. k. A/M.* 
Formic acid. Trichloroacetic acid. 

1-0 1-15 82 0-168 1:8 487 
0-77 1:17 106 0-132 2-0 620) 
0-47 1-30 174 Cc 0-294 1-9 279 


ee oo, rT Salicylic acid. 
Acetic acid. 0-476 0-031 172 
1-33 0-70 62 0-521 0-030 157 
1-00 0-70 82 0-602 0-033 136 
0-80 0-71 102 0-893 0-027 92 
1-11 0-70 74 ieginnadl 
Monochloroacetic acid. 0-541 0-023 152 
0-25 62 0-667 (0-023) 123 
0-25 78 0-953 (0-023) 86 
0-20 59 
* See p. 1870. 


The manner in which Tmax. Varies for the different acids with 
the charcoals, viz., activated A, finely ground B and (,, and finely 
ground and re-activated C,, can be summarised thus : 
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Small molecules. Tmax. for different charcoals. 

Formic, acetic, monochloroacetic An8 or C, 
>C 
AS C, (monochloroacetic Ax 0@,) 

Larger molecules. 
Salicylic, benzoic * A<B or C,<C, 
Trichloroacetic A<C, 
All the acids C,>C, 


* On account of shortage of charcoals C, and C,, with benzoic acid sufficient 
measurements have not been made to ascertain the slope k. It.is assumed 
that this will have the same value for these charcoals as for charcoal A. 
Imex. is extrapolated from the points available on this assumption. 


It is seen then that, for small molecules, the adsorption decreases 
after charcoal A has been ground and increases again when it is 


Fra, 4. Fia. 3. 
Trichloroacetic acid. Monochloroacetic acid. 








reactivated. For larger molecules, the adsorption increases after 
the grinding and increases still further after the reactivation.. For 
molecules of all sizes, the adsorptions increase with the finely ground 
reactivated charcoal as compared with the finely ground non- 
reactivated charcoal, but only for larger molecules are the adsorp- 
tions with the finely ground reactivated charcoal greater than those 
with the original activated charcoal A; for smaller molecules they 
are, in general, less, The variations of I',,x. for the acids with the 
different charcoals are shown in Fig. 5. 

Although Imsx. is, in the{[main, markedly different for each acid 
with the different charcoals, yet the constant & is practically the 
same for each acid and is independent of the charcoal. This means 
that the rate of adsorption (or evaporation) is the same for the 
molecules of each acid with the different charcoals, and therefore 
the surface conditions of the various charcoals must be identical, 
despite their different modes of preparation, The charcoals have 
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therefore fundamentally the same surface structure and differ only 
in their available surface areas. 

In the last column of the table are given values of A/M, the cal. 
culated number of carbon atoms of the charcoals for each adsorbed 
molecule of the acids. These numbers are surprisingly low and it is 
manifest that the available surface area of each charcoal is very 
large compared with its bulk. This becomes even more apparent 
when the areas of the adsorbed molecules are taken into consider. 
ation. For example, consider the adsorption of salicylic acid with 
charcoal C,. The number of carbon atoms of this charcoal per 
adsorbed molecule is 92; it is probable that the adsorbed acid mole. 
cule is oriented so that the benzene plane lies on the surface of the 
charcoal, and the polar hydroxyl and carboxyl groups are oriented 
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towards the aqueous phase. The area of the benzene ring is 
approximately 24 A.U., and the distance between adjacent carbon 
atoms in the charcoal about 1-5 A.U. It will be seen from Fig. 6, 
where the benzene ring is represented by the broken lines and the 
carbon atoms of the charcoal by dots, that the space covered by 
each acid molecule must be at least equivalent to 4 or 5 carbon atoms 
of the charcoal surface. To account for this surface, therefore, as 4 
minimum requirement, the ratio of the number of carbon atoms at 
the surface to the total number in the bulk of the charcoal must be 
4:92. This provides an enormous area which is available for 
adsorption. Clearly, then, the charcoal particles must possess 4 
very large number of ultraporous cavities of molecular dimensions; 
in fact, the particles of charcoal are probably largely assemblies of 
such ultrapores. 
The Processes of Grinding and Activation.—It is now possible, on 











only 


cal. 
rbed 
it is 
very 
rent 
ider- 
with 

per 
10le- 
the 
ited 


0n 


YY 
the 
by 
ms 
34 


for 
a8 
18 ; 








OCKRENT: ACTIVE CHARCOAL. PART I. 1871 


the basis of these conclusions, to make deductions as to the nature 
of the processes of grinding and activation. The charcoal A was 
obtained by rough grinding by hand for a few minutes, of the 
coarse masses of the inactive charcoal obtained from the complete 
combustion of A.R. saccharose and the subsequent degassing and 
activation of the inactive charcoal by atmospheric oxygen at 500°. 
B and C, were obtained by the vigorous grinding of A, and C, was 
prepared by reactivation of C,. The solutions containing charcoals 
Band C, became colloidal solutions (except with trichloroacetic acid), 
but those containing C, were clear and colourless; nevertheless, all 
the acids with C, showed increased adsorption as compared with 
C,, thus indicating a larger available surface for the former than for 
the latter. Since the cavities of the charcoals are of ultra-porous 
dimensions, the size of the adsorbed molecules will determine their 
capacity to penetrate the ultrapores, so that smaller molecules will 
be able to penetrate pores which may be too small for larger ones ; 
further, if the pores taper towards the interior of the charcoal masses, 
or are irregular in diameter, the smaller molecules will be able to 
penetrate the pores more deeply than the larger ones. The effect 
of grinding on charcoal A will be to increase the number of particles, 
and, at first sight, it might appear that this will necessarily lead to 
an increase in the available surface area, especially so when grinding 
results in charcoals B and C, which give solutions containing colloidal 
charcoal particles. This is not necessarily true, however, for mole- 
cules of different sizes. Grinding will tend to make the particles 
spherical by knocking off the superficial protuberances; some of 
these pieces are apparently of colloidal or semi-colloidal dimensions 
and are completely separated; others, however, by the process of 
grinding, will be pressed into the cavities of the larger particles and 
will block up some of the ultrapores, leading finally to charcoals B 
and C,, as shown diagrammatically in Fig. 7. The grinding will 
then have the following effects : it will (1) increase the surface area 
by increasing the number of particles, (2) decrease the surface area 
by blocking up some of the ultrapores, and (3) increase the surface 
area at the mouths of the ultrapores by the external area of the 
particles closing the ultrapores. The effect of (1) is to increase the 
available area for the adsorption of all molecules, no matter what 
their size may be; the effect of (2) will be mostly felt by the smaller 
molecules, since they will be unable to penetrate the ultrapores to 
the same extent as before, and much less by the larger molecules ; 
and the effect of (3) will be to increase the surface for all molecules. 
The net effect of grinding may then be to increase the available sur- 
face area for large molecules, but to decrease it for smaller molecules ; 
thus the smaller molecules of formic, acetic, and monochloroacetic 
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acids are less adsorbed after grinding, whereas the larger molecules 
of salicylic and benzoic acids show increased adsorption; the 
adsorption of trichloroacetic acid is rather a special case, since this 
has the effect of coagulating the colloidal or semi-colloidal particles 
of charcoal C,, thus leading to a decrease in the surface area anda 
consequent decrease in the adsorption. 

After activation of charcoal C, to give C,, all acids show increased 
adsorption on the latter, and therefore indicate a larger adsorption 
area, although solutions of the latter contain no colloidal particles ; 


Fia. 7. 
Processes of grinding and activation. 
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clearly, these must have been completely burned off by the oxygen. 
Now the effect. of heating in oxygen must be such that all the 
charcoal particles are partially consumed at the surface, so that 
after activation, for a given weight of charcoal, there will be on the 
average more particles than previous to activation, so that the avail- 
able surface area will be increased; further, the pieces of charcoal 
blocking up the ultrapores of the ground material will be partially, 
or in some cases completely, burned off, the net result of which will 
also be to increase the available area of the charcoal. These effects 
of activation will then all tend to increase the surface area for a given 
weight of charcoal, and so lead to the increased adsorption of all the 
acids as compared with the non-activated ground material. This is 





OCKRENT: ACTIVE CHARCOAL. PART I. 1873 


found to be the case, as shown in the table by comparing Imax. 
for charcoals C, and C,. The adsorptive capacity of C, (as com- 
pared with A) will then, especially for the smaller molecules, be 
determined by the intensity of re-activation to which it has been 
subjected, a conclusion which is confirmed by the results obtained 
by Dubinin (Z. physikal. Chem., 1930, A, 150, 145), who found that 
the activity of a given charcoal was dependent, not only on the 
temperature of activation, but also on the rate of flow and the volume 
of the activating gas. 

The fact that the equilibrium constant k, for a given acid, is 
independent of the charcoal, proves conclusively that the charcoal 
surfaces are not distinguishable, since even slight modifications in 
the nature of the surface would certainly be expected to influence 
the rate of adsorption and evaporation. Hofmann, Groll, and 
Lemcke (Z. angew. Chem., 1931, 44, 841), in an X-ray examination 
of purified active charcoals, showed that the crystal structure was 
the same as that of graphite, and that increasing size of crystals is 
accompanied by increasing hardness, decreasing adsorptive capacity 
for phenol, and decreasing catalytic activity for the reaction 
H, + Br,——> 2HBr. The identity of the X-ray diagrams of 
graphite and different active charcoals has also recently been con- 
firmed by Berl, Andress, Reinhardt, and Herbert (Z. physikal. 
Chem., 1932, A, 158, 273), who have shown that there is no amorphous 
modification present on the charcoal surface, and have suggested 
that the properties which distinguish active charcoal from graphite 
are related to the breaking off of the three-dimensional crystal lattice 
of the graphite up to the separation of a metamorphous phase, 
resulting in an active charcoal. 

Measurements of the densities of charcoal with different liquids 
provide additional evidence for the existence of ultrapores. For 
most liquids the results are abnormally low and inconsistent, but 
Howard and Hulett (J. Physical Chem., 1924, 28, 1082) have shown 
that for different charcoals and graphite, with helium gas, the 
densities are constant, their results being as follows : 

Coconut es "4 Congite ¢ 

The low values and variations with different liquids can be 
ascribed to their different penetrabilities of the ultrapores. Krezil 
(loc. cit., p. 183) has measured the heats of wetting of alcohol and 
benzene for particles of different sizes of various charcoals, the 
particles being separated by appropriate sieves, and has found that 
the heats of wetting are constant for a given charcoal and inde- 


pendent of the particle size. The inconsistent results of the attempt 
3P2 
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of Paneth and Radu (Ber., 1924, 57, 1221) to determine the surface 
areas of a number of charcoals by finding the maximum amount 
adsorbed of a number of different substances, and calculating the 
areas on the assumption of a unimolecular layer of adsorbed 
molecules of known dimensions, can also be ascribed to the different 
degrees of penetration of the adsorbed molecules, since in each case 
it was found that the smallest molecules adsorbed gave the largest 
calculated areas. 

An X-ray examination and an analysis of the elements of the 
charcoals used in this investigation are now in progress and will be 
concluded soon. 


Summary. 


(1) Adsorption isotherms at 25° have been obtained for aqueous 
solutions of formic, acetic, monochloroacetic, trichloroacetic, sali- 
cylic, and benzoic acids with three different ash-free sugar charcoals 
of different stages of activation (with oxygen) and grinding, and the 
results compared with the isotherms obtained with another ash-free 
oxygen-activated sugar charcoal in a previous investigation. 

(2) All the acids, with every charcoal, are in satisfactory agree- 
ment with the adsorption equation of Langmuir, which can be written 
in the form kT = O(1 — T'/Tmax.), where k is the equilibrium constant. 

(3) Each acid has the same value of k for all the charcoals, despite 
their different modes of preparation. The rate of adsorption (and 
evaporation) is therefore the same for a given acid and is independent 
of the charcoal, and it is concluded that the charcoals have identical 
surface structures and differ only in their available areas. The 
results obtained are in agreement with X-ray analysis of graphite 
and active charcoals. 

(4) The maximum number of molecules adsorbed (I...) for each 
acid, which is equivalent to a unimolecular layer, requires a large 
number of carbon atoms at the charcoal surfaces, and these are an 
appreciable proportion of the total number of carbon atoms in the 
bulk of the charcoals. 

(5) It is shown that active charcoal is an assembly of ultrapores 
of molecular dimensions, and that the available surface area is 
determined by the dimensions of the adsorbed molecules. 

(6) The effects of grinding and activation of charcoal are explained 
on the basis of changes in the capacities of the ultrapores, and the 
variations of Ix, for a given acid, with the different charcoals 
are thus accounted for. 

(7) It is shown that the effect of grinding a charcoal may be 
such that the available surface area may be decreased for small 
molecules, leading to decreased adsorption, although at the same 
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time, it may be increased for larger molecules, resulting in increased. 
adsorption. 

I am deeply indebted to Dr. J. A. V. Butler for his many helpful 
suggestions and his continued interest. I have also to thank the 


Carnegie Trust for a Research Scholarship, during the tenure of which 
this investigation has been carried out. 
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255. Seleniwm Dioxide, a New Oxidising Agent. 
Part I. Its Reaction with Aldehydes and Ketones. 


By Harry Lister Ritzy, Jonn Freprerick Morey, and 
NorMan ALFRED CHILD FRIEND. 


Ir has long been known that selenium dioxide, selenious and selenic 
acids and selenites are readily reduced to selenium by a variety 
of substances, but no previous systematic study of their oxidising 
properties appears to have been made. Recently, when the work 
to be described in the first three parts of this series was complete, 
the use of selenious and selenic acids for the oxidation of methyl- 
benzanthrones and allied compounds to the corresponding aldehydes 
was reported (I. G. Farb. A.G., B.P. 1931, 347,743). Lauro (Ind. 
Engin. Chem., Anal. Sec., 1931, 3, No. 4, 401) has described the 
advantageous use of selenium instead of copper as the catalyst in 
the Kjeldahl determination of nitrogen. 

Selenium dioxide is readily recovered either by burning, or by 
oxidising the precipitated selenium with nitric acid and subliming 
the product. The latter method is more convenient in the laboratory. 

1. Methylglyoxal.—Selenium dioxide (400 g.) and acetone (2 1.) 
- were heated under reflux for 3—4 hours, carefully during the initial 
stage when the reaction was exothermic. ‘The yellow liquid product 
was decanted, the black residue washed with acetone, and the 
whole liquid fractionated. The pale yellow distillate, b. p. 56°5°, 
was an azeotropic mixture of acetone containing about 1% of 
methylglyoxal and could be conveniently used as the initial material 
for further preparation of methylglyoxal. 1600 C.c. were recovered 
up to 80° and the residual liquid was fractionated under reduced 
pressure. The higher-boiling fraction condensed to a bright yellow, 
mobile liquid, which quickly set exothermically and became paler. 
The lower-boiling fractions, which contained a greater proportion 
of water, simply became viscous. [According to Harries and Turk 
(Ber., 1905, 38, 1630), the jelly is a polymeride of methylglyoxal.] 
The evolution of heat accompanying this polymerisation has not 
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previously been reported, possibly because hitherto this compound 
has not been readily prepared in quantity. Depolymerisation is 
effected by distillation. The yield of methylglyoxal (containing 
a little water), b. p. 54—70°/50 mm., was more than 50 g. The 
bisphenylhydrazone prepared from it had m. p. 145° (Found: C, 
71-5; H, 6-1; N, 22-5. Calc.: C, 71-7; H, 6-0; N, 22:3%), and 
the dioxime had m. p. 154° (Found: N, 27-7. Calce.: N, 27-5%). 
The mother-liquors from the latter preparation when rendered 
ammoniacal gave the nickel salt of methylglyoxime (Found: 
Ni, 22-3. Calce.: Ni, 22-5%). 

A fraction of methylglyoxal, b. p. 54°/10 mm., was redistilled 
from ealcium chloride (Found: C, 441; H, 6-3. Cale. for 
CH,°CO-CHO: C, 50-0; H, 5-6%); the presence of approximately 
4H,O is thus indicated (compare Meisenheimer, Ber., 1912, 45, 
2635; Fischer and Taube, Ber., 1924, 57, 1502; 1926, 59, 857; 
Fischer, Feldman, and Dangschat, Ber., 1929, 62, 854). 

When a mixture of acetone with a little water was added to 
selenium dioxide in the cold, the reddish colour due to the liberation 
of selenium developed more rapidly than was the case when ordinary 
dry acetone was used, indicating that selenious acid and not selenium 
dioxide was the active oxidising agent. This was tested as follows : 
A Pyrex glass apparatus was heated to softening in a current of 
dry air and cooled. Pure, freshly sublimed selenium dioxide was 
placed in one limb of the apparatus, and pure dry acetone (Tim- 
mermans, Sci. Proc. Roy. Dublin Soc., 1912, 13, 330) distilled on 
to anhydrous copper sulphate in the other. The two limbs were 
separated by a tap and the selenium dioxide limb communicated 
with a side arm containing phosphoric oxide. This limb was 
evacuated and sealed, and the dioxide sublimed through a narrow 
constriction. In this way, selenium dioxide containing no ap- 
preciable quantity of selenious acid was obtained. The tap was 
now opened, and the acetone distilled on to the dioxide by cooling 
the latter. The faint red colour due to the formation of selenium 
appeared in approximately the same time (about 4 mins.) as that 
required for its appearance when ordinary pure acetone was used. 
A second experiment gave the same result. It is probable, there- 
fore, that. selenium dioxide itself, as well as selenious acid, can take 
a definite stoicheiometric part in these reactions. 

Yields almost 60% of the theoretical (calculated from the weight 
of selenium dioxide) of methylglyoxal containing only a few units 
% of water have been obtained by using “‘ recovered ’’ acetone 
initially. The amounts of methylglyoxal formed were estimated 
by Friedemann’s method (J. Biol. Chem., 1927, 73, 331), and the 
results showed that practically 100%, of the oxygen from theselenium 
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dioxide is utilised in the formation of methylglyoxal according to 
the equation SeO, + CH,-CO-CH, = CH,CO-CHO + Se + H,0. 
Loss occurs in the isolation of the methylglyoxal owing to decom- 
position on distillation. If distillation is carried past the temper- 
ature mentioned above, a small quantity of oil accompanied by 
free selenium is obtained. This was shown to be a very unstable 
selenium compound which breaks down on heating, giving some 
methylglyoxal. The formation of such unstable selenium’ com- 
pounds is one source of loss in these oxidations. 

Methylglyoxal itself is readily oxidised by selenium dioxide, 
yielding principally carbon dioxide and carbon monoxide together 
with small quantities of formaldehyde and glyoxylie acid: In the 
above preparation of methylglyoxal it is essential to have a large 
excess of acetone present to act as a diluent, otherwise only ‘poor 
yields of methylglyoxal are obtained, owing to its further oxidation. 

Phenylglyoxal.—Acetophenone (220 g.) and selenium ‘dioxide 
(100 g.) were refluxed for 2 hours and the product, when cold, ‘was 
extracted thoroughly with boiling water. The extract on cooling 
deposited white crystals (phenylglyoxal hydrate) contaminated ‘by 
a little selenium. The whole was therefore extracted with ether ; 
from the dried extract, phenylglyoxal, b. p. 96—97°/25 mm., was 
obtained. This gave a phenylhydrazone, m. p. 153° (Found : N, 18-0. 
Cale. : N, 17-8%), and a disemicarbazone, m. p. 143° (Found : N, 34-0. 
Cale.: N, 33-9%). Crystals of phenylglyoxal hydrate, obtained by 
boiling with water, were recrystallised from rectified spirit ; m. p. 
91° (Found : C, 63-0; H, 5-7. Cale. : C, 63-2; H, 5-6%). A yield 
of over 50%, calculated on the selenium dioxide, was obtained. ~ 

The above method can be modified by steam-distilling the pro- 
duct and fractionally extracting it with ether; the excess of aceto- 
phenone, containing a little phenylglyoxal, can thus be recovered. 

Diacetyl and Ethylglyoxal.—In order to determine whether there 
is a preferential attack on the methyl of the methylene group 
adjacent to the carbonyl! group in an aliphatic ketone, the reaction 
with methyl ethyl ketone was studied. 

Methyl ethyl ketone (450 c.c.) and selenium dioxide (112 g.) 
were refluxed, carefully at first, until the precipitated selenium 
had coagulated. The liquid was decanted, the selenium washed 
with 50 e.c. of the pure ketone, and the united liquids submitted 
to distillation from a steam-bath; 250 c.c. (the excess of methyl 
ethyl ketone containing some diketone) were obtained. The 
residual liquid, filtered from some selenium, gave 110 g., b. p. 76— 
145° mm., containing 61-5 g. of diacetyl and ethylglyoxal (estimated 
by precipitating the nickel salts of the mixed dioximes). Several 
grams of ethylglyoxal were isolated by further fractionation in a 
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vacuum, and this gave a bisphenylhydrazone, m. p. and mixed 
m. p. 116° (Found: N, 21-3. Cale.: N, 21-1%), a monosemi- 
carbazone, m. p. 236—237°, and a nickel salt of its dioxime (Found : 
Ni, 20-0. Cale.: Ni, 203%). The yield of ethylglyoxal of 80% 
purity was 22%, calculated on the weight of selenium dioxide. 
The product contained water. 

Only a fraction of 1 g. of diacetyl of reasonable purity was isolated. 
This gave a dioxime, m. p. and mixed m. p. 240° (Found: N, 24-3. 
Cale.: N, 24-1%), and a bisphenylhydrazone, m. p. 237° (Found : 
N, 21-4. Cale.: N, 21-1%). 

The above indicates that ethylglyoxal is preferentially formed 
in this oxidation. It is, however, impossible to be certain of this 
without further experiments, for it was necessary to refractionate 
the diacetyl four times at a stage where one sufficed to give pure 
derivatives with ethylglyoxal, and a little decomposition occurs 
each time. 

Methylethylglyoxal.—Diethyl ketone (250 c.c.) and selenium 
dioxide (112 g.) were refluxed for 2 hours, carefully in the initial 
stage. The liquid was then distilled, 221 c.c., b. p. 100O—115°, being 
collected. As the b. p. of diethyl ketone falls within the boiling 
range of methylethylglyoxal, no attempt was made to separate the 
diketone. This, however, was shown to be the principal product by 
precipitating the nickel salt of its dioxime, m. p. 280° after recrystal- 
lisation from rectified spirit (Found : Ni, 17-9. Calc. : Ni, 18-0%). 

Phenylmethylglyoxal.—Selenium dioxide (56 g., dissolved in 
rectified spirit, 300 c.c., to reduce the vigour of the reaction) and 
propiophenone (67 g.) were refluxed over-night and then steam- 
distilled until the distillate no longer reduced ammoniacal silver 
nitrate. The first fraction, principally alcohol, was freed from 
this by redistillation, and the residue added to the second milky 
fraction, which was then well cooled and fractionally extracted 
with ether. Fairly pure propiophenone (19 g.), b. p. 205—212°, 
was obtained first, and then, sodium chloride having been added 
to the aqueous liquid, phenylmethylglyoxal, b. p. 120—125°/23 
mm. This gave a monoxime, m. p. 165° (Found: N, 8-7. Calec.: 
N, 86%), and the nickel salt of the dioxime, m. p. 238° (decomp.) 
(Found: Ni, 12-5. Cale.: Ni, 126%). The yield of product of 
90% purity (the remainder being principally water) was 50%, 

calculated on the selenium dioxide used. 

cycloHexane-1 : 2-dione.—Selenium dioxide (56 g.), dissolved in 
rectified spirit (300 c.c., preferably recovered from a previous 
experiment) was added to cyclohexanone (50 g.) at 70—80° during 
2 hours, and the whole refluxed for 2 hours. As much of the liquid 
as possible was distilled from a steam-bath, the remainder decanted 
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from the selenium, this washed with ether, and the combined 
washings and liquid freed from ether and distilled under reduced 
pressure, selenium present both in solution and in combination 
thus being removed; 40 g. of oil (cyclohexanone and cyclohexane- 
1 :2-dione) and water were thus obtained. A solution of the oil 
in 200 c.c. of ether was extracted consecutively with three equal 
volumes of ice-cold 10% caustic potash solution, the total of which 
was equivalent to 14 times that necessary to react with all the 
oil, assumed to be pure dione in the mono-enolic state. The potash 
extract was shaken once with ether (which removed 9 g. of cyclo- 
hexanone), acidified with ice-cold hydrochloric acid, and saturated 
with sodium chloride. Ether then extracted an oil which gave 
ll g. of a very pale green liquid (cyclohexane-1 : 2-dione), b. p. 
96—97°/25 mm., and 2 g. of a dark red fraction (contaminated 
dione), b. p. up to 140°/25 mm., on distillation (Found: C, 64-0; 
H, 7:1. Cale.: C, 64:3; H, 7-2%). The dione gave a bisphenyl- 
hydrazone, m. p. 152° (Found: N, 19-5. Cale.: N, 192%), a 
dioxime, decomp. 185—190° (Found: N, 19-6. Cale.: N, 19:5%), 
and its nickel salt (Found: Ni, 17-1. Cale.: Ni,.17-2%), and a 
phenylurethane, m. p. 121°. These derivatives were compared 
(mixed m. p.) with specimens prepared from the dione made by 
Wallach’s method (Annalen, 1924, 437, 174). Wallach’s state- 
ment (loc. cit.) that the dione is a solid, m. p. 39—40°, could not be 
confirmed. When either of the specimens of dione was exposed 
to the air for some months, crystals of adipic acid were formed, 
m. p. 148° (Found: C, 49-1; H,6-9. Cale.: C, 49-3; H, 6-8%). 

The formation of adipic acid, which was also found in the higher- 
boiling 2 g.-fraction in the preparation, indicates that the continued 
oxidation of the dione with selenium dioxide breaks down the 
cyclohexane ring and does not give an aromatic ring. 

A yield of pure dione of 35%, calculated on the selenium dioxide 
used, was obtained. 

The preparation of this simple 1 : 2-cyclic diketone offered an 
opportunity of determining whether an additional ring, involving 
the two ketonic oxygen atoms, is present. 

H,°CH,°C:0 yeryring 9 
m) CHO H,-CH,c-0 “ 
Dr. 8. Sugden kindly measured the parachor of this dione (M, 112-1), 
and the result shows that the ketonic (or enolic) structure is correct. 


PF stis 21° 26° 34° 42-5° 52-5° 

Ui sore 44-22 43-59 42-36 41-26 39°63 

eee 1-1187 1-1130 1-1060 1-0976 1-0881 

[P] ... 258-5 258-5 258-6 258-6 258-4 Mean, 258-5 


Calculated for (I), [P] = 258-1. Calculated for (II), [P] = 246-5. 
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Experiments on bromine addition showed that the freshly dis. 
tilled dione was chiefly the diketo-compound, the quantity of enol 
present gradually increasing until after 2 months an equilibrium 
mixture containing nearly 40% of enol had been formed. 

cycloPentane-1 : 2-dione.—Selenium dioxide (56 g.) in rectified 
spirit (300 c.c.) was added to cyclopentanone (42 g.) in hot rectified 
spirit (200 c.c.) during 2 hours, After 2 hours’ refluxing, the more 
volatile liquid was distilled from a steam-bath and the residual 
liquid was decanted and extracted with hot water. The extract, 
which contained no selenium, indicating that reduction of the 
dioxide was complete, was saturated with sodium chloride, and 
ether then removed 8 g. of a yellow oil, from which 2-5 g. of cyclo- 
pentane-1 : 2-dione, b. p. 124—126°/35 mm., were obtained in a 
similar manner to that employed for the extraction of the cor- 
responding cyclohexanedione. It would not solidify, even on strong 
cooling and long standing (Dieckmann, Ber., 1897, 30, 1471 ; 1902,35, 
3208, describes the pentanedione as a crystalline mass, m. p. 55—60°) 
and gave the following derivatives: dioxime, m. p. 208° (Found: 
N, 22-0. Cale.: N, 219%), disemicarbazone, decomp. 245—-250° 
(Found: N, 39-6. Cale.: N,39-6%), bisphenylhydrazone, m. p. 145° 
(Found: N, 20-4. Cale. : N, 20-2%). The yield was only 7%, and 
as all the dioxide was used, it is probable that the dione was itself 
oxidised by selenium dioxide at the temperature of the reaction. 

Buchu-camphor (Diosphenol).—Selenium dioxide (21 g.) in rectified 
spirit (200 c.c.) was refluxed over-night with 38 g. of menthone. 
The liquid was then decanted, and steam-distilled after addition 
of 36 g. of sodium carbonate (this is necessary to prevent the selenium 
remaining in the decanted liquid, probably in unstable combination, 
from being carried over into the distillate). Ether extracted from 
the distillate a yellow oil (30 g.), which was redissolved in a little 
ether and shaken with aqueous caustic soda. Addition of hydro- 
chloric acid to the soda extract precipitated a yellow oil, which 
set to a white crystalline mass. This solid and the acid solution 
were extracted with ether, and slow evaporation of the dried extract 
gave 1-8 g. of pure white crystalline buchu-eamphor, m. p. 82° 
(Found: C, 71:3; H, 9-6. Cale.: C, 71:4;. H, 96%). It gave 
a phenylurethane, m. p. 112—113° (Found: C, 71-0; H, 7:3. 
Cale.: C, 71:0; H, 74%), and a disemicarbazone, m. p. 268° 
(Found : 0, 54-7; H, 7-0. Cale.: C, 54-9; H, 7-1%). 

Owing to the small yield (15%) of buchu-camphor, the brown 
liquid remaining after the distillation was tested and found to 
contain, unreduced, nearly two-thirds of the original selenium 
dioxide; this indicates that a solvent of higher b. p. than ethyl 
alcohol might be used with advantage. 
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Glyoxal.—A methylene group adjacent to the carbonyl group of 
an aldehyde is readily oxidised to carbonyl by selenium dioxide. 
After initial difficulties, due to the properties of glyoxal, it has 
been shown that the reaction CH,;->CHO+Se0, = (CHO), + H,O + 
Se proceeds almost quantitatively. 

(a) Pressure bottle method. A well-cooled mixture of selenium 
dioxide (28 g.) and acetaldehyde (100 c.c.) was warmed in a pressure 
bottle for 6 hours. (There is a considerable danger of explosion 
if the temperature exceeds 60—80°, gaseous products including 
carbon dioxide and monoxide being formed.) When cool, the 
product was decanted from the selenium, which was washed with 
acetaldehyde, and the united liquids were distilled until the tem- 
perature reached 80°. An aqueous extract of the remaining liquid 
(some paraldehyde had been formed) was acidified with hydrochloric 
acid, boiled, and freed from a trace of unreduced selenium dioxide 
by means of sulphur dioxide. An aliquot part of the filtered liquid 
was neutralised with sodium carbonate, and an excess of acetic 
acid and phenylhydrazine added; glyoxalbisphenylhydrazone 
(Found: N, 23-7. Cale.: N, 23-5%) was precipitated almost 
quantitatively (m. p. 173° after recrystallisation from methyl 
alcohol): 1 part in 1000 can be estimated in this way (compare 
Curtius, J. pr. Chem., 1917, 95, 212). The wide range of m. p.’s 
reported for this compound, 169° to 177° (Fischer, Ber.,. 1884, 17, 
575; Pickel, Annalen, 1885, 232, 228; Oddo and Cusmano, 
Gazzetta, 1911, 44, ii, 246; Curtius, loc. cit.; Neuberg, Ber., 1908, 
41, 960), is probably due to the presence of. stereoisomerides. 
Glyoxime, m. p. 177°, also was prepared from the aqueous extract. 

If mineral acid is present, aqueous solutions of glyoxal polymerise 
rapidly, giving the inert hexaglycol hydrate (Schiff, Annalen, 1874, 
172, 1). The estimation of the glyoxal present is therefore best 
carried out immediately the unreduced selenium dioxide has been 
removed. The yield is nearly 90%, calculated on the weight. of 
selenium dioxide. 

The above experiment was more conveniently carried out in an 
autoclave for 2 hours at 80°. The excess of acetaldehyde was then 
removed by distillation, a slight excess of the calculated quantity 
of sodium bisulphite added to the remaining sticky liquid, and the 
bisulphite compound collected after standing over-night. The 
product, which was pinkish owing to the presence of a trace of 
selenium, was recrystallised from aleohol-water. Yield, about 90%. 

(b) T'ube method. Acetaldehyde vapour was passed over a thin 
layer of selenium dioxide (5 g.) in a sloping hard-glass tube (about 
3 cm, diam. and 30 em. long), the temperature being gradually 
raised to 230°. (The selenium formed in the reduction is the 
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“ vitreous” variety, which is liquid above 220°, and unless the 
temperature is raised sufficiently high to melt the selenium each 
particle of dioxide becomes coated with selenium, which prevents 
further access of the acetaldehyde vapour.) The selenium pro- 
duced slowly melted and trickled down the tube. Some dioxide 
which condensed in the cooler part of the tube was reduced by 
reheating. The glyoxal mostly remained in the tube, only a little 
passing into the condenser and the receiver with the acetaldehyde 
vapour. Monomeric glyoxal, which probably polymerised to the 
reactive trimeric form almost at once, was visible as a greenish 
vapour surrounding the selenium. The tube and the distillate, 
after removal of the excess of acetaldehyde, were extracted with 
hot water and the identity of the product and the yield (80—90%) 
were determined in the manner previously described. The slightly 
impure glyoxalbisphenylhydrazone obtained melted at 166—167°. 

When acetaldehyde or even the higher-boiling paraldehyde was 
simply refluxed for a prolonged period with selenium dioxide, 
reduction of this was not complete; e.g., after 6 hours’ refluxing, 
paraldehyde reduced only 40°%, of the dioxide present. 

Methylglyoxal—Selenium dioxide (55 g.) and propaldehyde 
(100 g.) were refluxed for 4 hours and the product was extracted 
with ether. After standing over-night with calcium chloride, to 
dry and to coagulate a small amount of selenium which had separated, 
the ether was removed, and the residual liquid distilled in a vacuum, 
6-5 g. of methylglyoxal, b. p. 46°/25 mm., being obtained, and also 
5 g. of a dark yellowish-brown fraction, boiling a few degrees higher ; 
this proved to be methylgloxal containing unstable evil-smelling 
selenium compounds which decomposed on further distillation, 
yielding more methylglyoxal. A yield of 30% of pure methyl- 
glyoxal (except for approximately }H,O), calculated on the selenium 
dioxide, was obtained. 

Ethylglyoxal_—Selenium dioxide (110 g.) and n-butaldehyde 
(250 g.) were refluxed for 4 hours and after 12 hours ether was added 
and the resulting liquid filtered. The selenium recovered here 
was 80%, of the theoretical weight, the rest being recovered at later 
stages. The liquid obtained from the dried extract was fractionated 
and some difficulty was experienced in separating the ethylglyoxal 
from the excess of butaldehyde; 10 g., b. p. 45—60°/10 mm., of 
pure (except for H,O) ethylglyoxal, which showed a spontaneous 
exothermic polymerisation to a jelly similar to that of methyl- 
glyoxal, though not so pronounced, were finally obtained along 
with several less pure fractions. The total yield of ethylglyoxal, 
containing water and a few units % of n-butaldehyde, was about 
45%. This gave a bisphenylhydrazone, m. p. 115—116° (Found: 
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N, 21-4. Cale.: N, 21-1%), and a disemicarbazone, m. p. 226— 
227° (decomp.) (Found : N, 41-6. Cale. : N, 41-6%). 

Phenylglyoxal.—Selenium dioxide (100 g.) and phenylacetaldehyde 
(220 g.) were refluxed for 2 hours. From the cooled product, 
phenylglyoxal (yield, 35%) was extracted with boiling water in 
the manner already described. 

A New Test for Levulose——A preliminary study showed that 
of the sugars lzvulose, glucose, lactose, and maltose, only levulose 
gave a precipitate of red selenium when boiled with selenium di- 
oxide in acid solution. With sucrose, prolonged boiling was neces- 
sary to give the red precipitate. These reactions are sufficiently 
sensitive to serve as convenient tests. 

The selenium in all these experiments was precipitated in the 
red amorphous state and then coagulated, giving finally almost 
black porous lumps of the “ vitreous” modification. This is not 
its general behaviour (compare Saunders, J. Physical Chem., 1900, 
4, 424). 

Discussion. 


These experiments show that selenium dioxide has a specific 
oxidising action on aldehydes and ketones of various types, whereby 
1;2-diketones and aldoketones are conveniently obtained in 
quantity. Test-tube experiments have shown that, although 


ketones which do not contain a methylene group, e.g., benzophenone, 
are oxidised by selenium dioxide, the reaction takes place only on 
strong heating and more or less complete oxidation then occurs. 
Compounds which contain a methylene group, activated by proximity 
to a negative group, appear to be specifically oxidised at reasonably 
low temperatures (compare Imperial Chemical Industries, Ltd., 
and Riley, B.P., 1931, 354,798; I. G. Farbenind. A.G., loc. cit.). 

These researches were instigated by a study of the tendency of 
the selenite ion to enter the co-ordinated cobalt complex (Riley, 
J., 1928, 2985). The relative ease with which large yields of selenito- 
pentamminocobaltic chloride were obtained indicated that the 
selenite ion might possibly possess a tendency also to act specifically 
with organic compounds, for the cyanide and nitrite ions also 
readily form complex ions and also react readily at low temperatures 
with organic compounds. 


The authors are indebted to Professor J. F. Thorpe, F.R.S., and 
Dr. G. A. R. Kon for their assistance and interest in this work and 
to Imperial Chemical Industries for grants in aid and for permission 
to publish the results. 


ImMpertAL Corttecr, Lonpon, 8.W. 7. [Received, March 3rd, 1932.] 
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256. The Quantitative Nitration of p-Chloro- and 
p-Bromo-toluene. 


By Fiorence Ruts Snaw and Evstace EpEnezer TURNER. 


THE mononitration of 4-chloro-4’-bromodiphenyl proceeds as shown 
in (I) (Shaw and Turner, this vol., p. 285), and that of p-chloro. 
bromobenzene as in (II) (Holleman, Rec. trav. chim., 1915, 34, 216), 


a1 ae Br Me l 
385%, 618% 45%, 56%, 58%] 42%, 


(I.) (II.) (III.) 


and it was concluded (Shaw and Turner, loc. cit.) that the figures 
for the diphenyl compound afford a more satisfactory comparison 
of the relative directive effects of chlorine and bromine than those for 
the benzene derivative, since the mutual interference of the two 
halogen atoms should be less marked in the former instance. The 
mononitration of 4-chloro(or bromo)-4’-methyldiphenyl should 
therefore provide valuable information with regard to the relative 
effects of the methyl group and the halogen atoms. Such inform- 
ation has hitherto been obtainable only from the results of nitrating 
p-chloro- and p-bromo-toluene. 

Holleman and van den Arend (Rec. trav. chim., 1909, 28, 418; 
compare Holleman, Proc. K. Akad, Wetensch. Amsterdam, 1908, 11, 
257) nitrated p-chlorotoluene at 0° and obtained the results shown 
in (II), Their nitration product was, however, distilled in 4 
vacuum, which entailed a loss of about 12% of material. The 
analytical methods used were based on freezing-point and density 
determinations. Fry (J. Amer. Chem. Soc., 1916, 38, 1327), who 
used Holleman’s conditions of nitrating, and of isolating the product, 
determined the proportion of isomerides by means of sodium 
methoxide, and obtained figures indicating 36-18°% of 3-nitration, 
Gindraux (Helv. Chim. Acta, 1929, 12, 921) carried out various 
nitrations in presence of sulphuric acid, and found that 37-5—47% 
of 3-nitro-compound was produced. 

The nitration of p-bromotoluene was studied by Holleman (Ree, 
trav. chim., 1915, 34, 283), using two methods of analysis, A freez- 
ing-point method gave 43-7°% of 3- and 56-3% of 2-nitro-compound, 
but indicated the presence of a third substance: estimation by 
means of sodium methoxide gave 41-3% of the 3-isomeride. Hiolle- 
man showed that phenols, and also compounds containing more than 
one bromine atom, were produced during his nitration, but the 
temperature was allowed to rise from. 0° to 28°, and the product was 
distilled in a vacuum before analysis. 
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Before proceeding to a quantitative study of the nitration of 
4-chloro(or bromo)-4’-methyldiphenyl, we therefore had to make 
an independent investigation of the nitration of p-chloro- and 
p-bromo-toluene. We carried out nitrations under the conditions 
employed by Holleman, and at —15° and 0°, using excess of nitric 
acid; the proportion of the 3-isomeride was determined by the 
piperidine method (Shaw and Turner, loc. cit., Method A). The 
results are in the annexed table, and refer to the composition of 
actual total mononitration products: the method of analysis was 
checked by examination of artificial mixtures of the two pure 
individual components : 


p-Chlorotoluene. p-Bromotoluene. 
Isomerides, %. Isomerides, %. 
Temp. 2-, 3-. 2-. 3-. 
—15° 64-4 F 0-2 35-6 + 0-2 63-7 + 0-7 36-3 + 0-7 
0 62-0 38-0 61-9 38-1 
0—50 58°8 41-2 60-1 39-9 
The most striking feature of these results is that, when present 
in the 4-position in the toluene molecule, chlorine and bromine 
produce almost exactly the same quantitative effect, and this 
becomes of greater significance in comparison with the results 
(Shaw and Turner, loc. cit.) of nitrating certain diphenyl derivatives 
(all nitrations at 0°) : 


a ~~ e oe — 
100% D B1%’ 0 38% 


The similarity in behaviour of these three pairs of chlorine and 
bromine derivatives cannot be attributed to chance, and is of 
considerable importance in connexion with the general problems of 
aromatic substitution. 

It seems possible that in the p-halogenotoluenes the halogen 
atoms, by their mere presence, allow most of the activation acquired 
by the p-carbon atom in toluene itself to. become available at the 
m-positions (in the halogenotoluenes) so that m-substitution, de- 
tectable in toluene, becomes very pronounced in the halogen 
compounds. 

Comparison of the figures now obtained for the nitration of chloro- 
and bromo-toluene with those (compare Bradfield and Jones, J., 1928, 
1106) for the nitration of chlorobenzene, bromobenzene, and toluene 
at —-30° and 0° brings out further interesting points in connexion 
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with the variation of the proportion of isomerides with temperature 
of nitration : 





Cl Cl Br Br Me Me 
Bim Ci On (ye @: 6-0 
(2-7) (3:1) 
11 65-9 65-6 63-4 4-7 9 
—30° 0° —30° 0° —30° 0° 


From these figures may be calculated the following ortho/para 
ratios : 


— 30°. 0°. 
CONES, oo csi nsnctevinstsccbenth 0°37 0-43 
TPOMMIGIOIRD  eciciecccesccovaccctccccee 0-52 0-60 
IEDR Ancnncccsccsascecaecsnnandbiel 1-33 1:37 


so that the ratios of ortho: para nitration at 0° to that at —30° are 
1-17, 1-15, and 1-03 for chlorobenzene, bromobenzene, and toluene 
respectively. It would therefore appear that the ratio of 3:2 
nitration in p-chlorotoluene should increase more rapidly with rise of 
temperature than the corresponding ratio for p-bromotoluene. 
Qualitative confirmation of this statement is afforded by the data 
given in the first table above. 


EXPERIMENTAL. 
4-Chloro-2-nitrotoluene.—This (m. p. 37—38°) was prepared from 
o-nitro-p-toluidine by the Gattermann process, steam-distilled from 
dilute alkali solution, and crystallised from light petroleum (b. p. 
40—60°). After 8 hours’ heating with piperidine (1 g. in 5 c.c.) 
in a boiling water-bath, no ionic chlorine was detectable. 
4-Chloro-3-nitrotoluene.—m-Nitro-p-toluidine was prepared from 
aceto-p-toluidide (Gattermann, Ber., 1885, 18, 1483), purified by 
solution in and precipitation from excess of concentrated sulphuric 
acid and crystallisation from alcohol, and converted by the Gatter- 
mann method into 4-chloro-3-nitrotoluene. Distillation of this 
gave (a) a fraction, b. p. 133°/16—17 mm., liquid at 0°, and (6) a 
fraction, b. p. 135°/15 mm., and b. p. 144°/24 mm. or 142°/23-5 mm., 
m. p. 6°, after redistillation : (a) was found to be (b) contaminated 
with a chlorine-free substance. 0-3588 G. of (b) gave by the piperid- 
ine method 0-2960 AgCl, and 0-3500 g. gave 0-2900 AgCl, whence 
the percentage of 3-nitro-compound is 98-7 and 99-2 respectively. 
4-Chloro-3-nitrotoluene (3 g.) was added to 10 c.c. of nitric acid 
(d 1:5°) at —15° and poured into water after a few minutes. An 
ethereal extract gave very little coloured material to sodium carbon- 
ate solution, showing that little or no phenols had been formed, and 
that therefore the phenols present in some nitration mixtures (Holle- 
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man, loc. cit.) are formed prior to mononitration, or as a result of 
dinitration. 

Analysis of an Artificial Mixture of 4-Chloro-2- and 4-Chloro-3- 
nitrotoluene.—0-2702 G. (35-1%) of the latter, 0-5000 g. (64-9%) of 
the former, and 5 c.c. of piperidine were heated in a sealed tube for 
8 hours at 100°. After removal of organic matter, 0-2256 g. of silver 
chloride was obtained, corresponding to 35-1% of 3-nitro-compound. 

Nitration of p-Chlorotoluene.—Chlorotoluene was prepared from 
p-toluidine by the Sandmeyer method; b. p. 161-0—161-4° after 
two distillations. 

(I) Nitration at —15°. (a) 9-5 G. were added to 30 c.c. of nitric 
acid (d 1-5) at —15° during 14 hours. The solution was poured into 
ice-water. The product was at once isolated, washed (sodium 
carbonate ; water), and dried (anhydrous sodium sulphate) in puri- 
fied ether, recovered, and freed from traces of ether by aeration 
(yield, 11-5 g.; 89%) (Found: Cl, 20-1. Mononitro-compounds 
require Cl, 20-7%). Analysis by piperidine: 0-5822 gave 0-1738 
AgCl; 0-6686 gave 0-1976 AgCl; whence 3-nitro-isomeride, 35-7, 
35-4%. 

(6) 10 G. of p-chlorotoluene similarly gave 12-5 g. (92%) of 
product (Found : Cl, 20-7%). Analysis by piperidine: 0-6442 gave 
01914 AgCl, 0-6274 gave 0-1870 AgCl; whence 3-nitro-isomeride, 
35-6, 35-7%. 

(Il) Nitration at 0°. 10 G. were added to 25 c.c. of nitric acid 
(d 1-5) at 0°. Yield, 12-5 g., 92% (Found: Cl, 199%). Analysis 
by piperidine : 0-7018 gave 0-2222 AgCl, 0-5614 gave 0-1784 AgCl; 
whence 3-nitro-isomeride, 37-9, 38-0%. 

(III) Nitration at 0O—54°. 10 G. were added in two half-portions 
to 20 c.c. of nitric acid (d 1-5). The first addition raised the tem- 
perature from 0° to 52°, the second from 0° to 54°. The mixture 
was again cooled to 0°, poured into water, and worked up as before 
(yield, 12-0 g.; 88%) (Found: Cl, 20-2%). Analysis by piperidine : 
0-6888 gave 0-2370 AgCl, 0-5968 gave 0-2052 AgCl; whence 3-nitro- 
isomeride, 41-2, 41-2%. 

4-Bromo-2-nitrotoluene.—This was prepared, purified (m. p. 46— 
47°), and tested (no ionic bromine) in the same way as the 4-chloro- 
analogue. 

4-Bromo-3-nitrotoluene.—This was prepared by the Gattermann 
method from mz-nitro-p-toluidine, steam-distilled from dilute 
alkali solution, extracted and dried in carbon tetrachloride, and 
distilled. The fraction, b. p. 158—165°/25 mm., was cooled in ice; 
the solid obtained, crystallised from light petroleum (b. p. 40—60°), 
had m. p. 31—32°; the oily portion would not crystallise, showing 
that, as in the case of the chloro-compound, an unexpected impurity 
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(2 m-nitrotoluene) was present. Piperidine analysis : 0-3530 gave 
0-3072 AgBr, corresponding to 100-1% of 3-nitro-compound. 

1 G, was added to 5 c.c. of nitric acid (d 1:5) at —15° during 10 
minutes and then poured into water. An ethereal extract gave 
a small amount of a phenol to sodium carbonate solution. 

Artificial Mixture of 4-Bromo-2-nitro- and 4-Bromo-3-nitro-toluene.— 
When 0-5000 g. of the 2-nitro- and 0-2806 g. (36-0°%) of the 3-nitro- 
compound were heated with piperidine, 0-2454 g. of silver bromide 
was obtained, corresponding to 36-2°% of 3-nitro-compound. 

Nitration of p-Bromotoluene.—Bromotoluene was prepared from 
p-toluidine by the Gattermann method; b. p. 184-8—185-2°, m. p. 
27—28°. It was nitrated under the same conditions as those for 
p-chlorotoluene. 

(I) At —15°. (a) The nitration proceeded more slowly than that 
of p-chlorotoluene and less phenol was formed, 10 G. gave 11-5 g.; 
91% (Found: Br, 36-0, 36-1. Mononitro-compounds require Br, 
37-0%). Piperidine analysis: 0-6350 gave 0-1984 AgBr, 0-6962 
gave 0-2240 AgBr, 0-7423 gave 0-2352 AgBr; whence 3-nitro-iso- 
meride, 35-9, 37-0, and 36-5% respectively. 

(6) 10 G. gave 11-5 g.; 91% (Found: Br, 35-8%). Piperidine 
analysis: 0-6786 gave 0-2102 AgBr, 0-5320 gave 0-1664 AgBr; 
whence 3-nitro-isomeride, 35-6, 36-0%. 

(II) At 0°. 10 G. gave 11-5 g.; 91% (Found: Br, 35-5%). 
Analysis by piperidine: 0-7390 g. gave 0-2440 AgBr, 0-6916 gave 
0-2294 AgBr; whence 3-nitro-isomeride, 38-0, 38-2%. 

(III) At 0—50°. First rise, 0° to 50°; second rise, 0° to 38°. 
10 G. gave 12 g.; 95% (Found: Br, 365%). Piperidine analysis: 
0-6254 gave 0-2182 AgBr, 0-6475 gave 0-2240 AgBr; whence 3- 
nitro-isomeride, 40-0, 39-38%. 


We wish to acknowledge grants from the Royal Society and the 
Chemical Society in aid of this work. 


BEDFORD COLLEGE, 
University or LonpDon. [Received, May 5th, 1932.) 





257. Substitution in Compounds containing T'wo or 
More Phenyl Groups. Part I. The Nitration of 
4-Methyldiphenyl. 

By Wiiam Scorr Minto Grizve and DonaLtp HorroypE Hey. 

THERE is abundant evidence that the methyl group, in general, 


induces increased reactivity in reactions of certain types, and in 
considering the bearing of this property on substitution reactions 
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in polycyclic systems it has been pointed out (Ingold, Ann. Reports, 
1926, 184; Rec. trav. chim., 1929, 48, 805) that, whereas in naph- 
thalene and anthraquinone, for example, the activating effect of a 
methyl group leads to further substitution in the ring already 
substituted, the deactivating influence of a substituent such as the 
nitro-group causes further substitution to take place in the other 
ring (compare, also, Lapworth and Robinson, Mem. Proc. Manchester 
Lit. Phil. Soc., 1928, 72, 43). Further examples of this behaviour 
are to be found in other polynuclear systems, ¢.g., in substituted 
diphenyl ethers (Fox and Turner, J., 1930, 1853; Reilly, Drumm, 
and Daly, Proc. Roy. Irish Acad., 1931, 40 B, 90) and in substituted 
azobenzenes (Burns, McCombie, and Scarborough, J., 1928, 2928). 
There appears, however, to be no information available on sub- 
stitution in the monomethyldiphenyls, apart from the fact that 
Carnelley (J., 1876, 29, 20) nitrated 4-methyldiphenyl and obtained 
4-nitro-4’-methyldiphenyl. This result seemed unusual in view of 
the universal homonuclear substitution found in the methyl- 
naphthalenes, coupled with the fact that all the nuclear positions 
in toluene have been shown to be activated by the methyl group 
(Ingold, Lapworth, Rothstein, and Ward, J., 1931, 1959). It 
would seem likely that some homonuclear nitration might also be 
expected to take place to give 2- and/or 3-nitro-4-methyldiphenyl. 

Carnelley used impure 4-methyldiphenyl and obtained a mono- 
nitration product, m. p. 141°, but the greater portion of his product 
consisted of a yellow oil. Kliegl and Huber (Ber., 1920, 53, 1655) 
assigned to the solid mononitration product the probable constitu- 
tion of 4-nitro-4’-methyldiphenyl, and complete proof was given by 
Gomberg and Pernert (J. Amer. Chem. Soc., 1926, 48, 1372), but the 
constitution of the oil does not appear to have been investigated. 
It is now shown that the nitration of 4-methyldiphenyl proceeds 
under milder conditions than are required for the nitration of 
diphenyl, thus indicating an increased reactivity of the molecule as 
a whole, and that the product consists of 4-nitro-4’-methyldiphenyl 
(40—45°,), 2-nitro-4’-methyldiphenyl, and 2-nitro-4-methyldiphenyl. 

After removal of the solid 4-nitro-4’-methyldiphenyl from the 
nitration product, a yellow oil remained, which when oxidised with 
chromic acid or potassium permanganate gave 2-nitrodiphenyl- 
4’.carbozylic acid. The identity of this acid was proved (a) by 
further nitration, which gave 2 : 2’-dinitrodiphenyl-4-carboxylic 
acid (Gull and Turner, J., 1929, 491), and (b) by synthesis, effected 
by the addition of p-toluenediazonium chloride to nitrobenzene in 
the presence of aqueous sodium hydroxide, a reaction which gave 
4-nitro-4’-methyldiphenyl and 2-nitro-4’-methyldiphenyl (Gomberg 
and Bachmann, J. Amer. Chem. Soc., 1924, 46, 2339, and Gomberg 
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and Pernert, loc. cit., record the formation of the former only), the 
latter being oxidised to 2-nitrodiphenyl-4’-carboxylic acid by means 
of chromic acid. Reduction of the liquid nitration product gave a 
base from which, on acetylation, an acetamido-4-methyldiphenyl, 
m. p. 145°, was isolated. 2-Acetamido-4’-methyldiphenyl, prepared 
by reduction and acetylation of the synthetic 2-nitro-4’-methyl- 
diphenyl already mentioned, melted at 103°, while by the action of 
diazotised 2-nitro-4-aminotoluene on benzene in the presence of 
aqueous sodium hydroxide, followed by reduction and acetylation 
of the product, 3-acetamido-4-methyldiphenyl, m. p. 150°, was 
obtained. Neither of these derivatives was therefore identical with 
the acetamido-compound isolated from the liquid nitration product. 
Attempts to obtain 2-acetamido-4-methyldipheny] from diazotised 
3-nitro-4-aminotoluene and benzene, and from iodobenzene, 4-chloro- 
3-nitrotoluene, and copper-bronze, were unsuccessful. It was 
possible, however, to obtain 2-nitrodiphenyl-4-carboxylic acid from 
ethyl 4-bromo-3-nitrobenzoate, iodobenzene, and copper-bronze 
(compare Gull and Turner, Joc. cit.; Lesslie and Turner, J., 1930, 
1758) and hydrolysis of the resulting ester, which acid was then 
reduced and acetylated to give 2-acetamidodiphenyl-4-carboxylic acid. 
This acid was identical with that obtained on oxidation with neutral 
permanganate of the acetamido-4-methyldiphenyl obtained from 
the liquid nitration product, thus proving its constitution. Since 
the liquid nitration product was thus shown to contain (at least) 
two isomerides, it seemed that milder oxidation should give some 
2-nitrodiphenyl-4-carboxylic acid in addition to 2-nitrodiphenyl- 
4’-carboxylic acid, and on repeating the chromic acid oxidation 
under less vigorous conditions a small quantity of the former acid 
was found. 

Previous work on the dinitration of 4-methyldipheny] is confined 
to the sole observation of Carnelley (loc. cit.) that nitration of impure 
4-methyldiphenyl with concentrated nitric and sulphuric acids 
gave a substance, m. p. 153—156°, which from analysis appeared 
to be a dinitro-4-methyldiphenyl. Since mononitration has now 
been shown to give (at least) three isomerides, it appeared to be 
unprofitable to study the direct dinitration of 4-methyldiphenyl, 
but further nitration of 4-nitro-4’-methyldiphenyl gave a mixture 
of presumably two dinitro-derivatives, from which a dinitro-4- 
methyldiphenyl, m. p. 178°, was isolated. Preliminary experiments 
on the mononitration of 4-methyldiphenyl had also yielded this 
compound when too vigorous conditions were used. It is regarded 
as 2(or 3) : 4’-dinitro-4-methyldiphenyl. 

The nitration of 4-methyldiphenyl, giving rise to both homo- 
nuclear and heteronuclear substitution, is not in disagreement with 
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theoretical prediction, the substitution being primarily controlled 
by the similar strongly ortho-para directing groups C,H, and 
p-CH,’C,H,. 

EXPERIMENTAL. 

Nitration of 4-Methyldiphenyl.—A mixture of glacial acetic acid 
(100 c.c.) and nitric acid (150 c.c.; d 1-42) was added gradually to 
4-methyldiphenyl (Gomberg and Pernert, J. Amer. Chem. Soc., 
1926, 48, 1372) (30 g.) in glacial acetic acid (100 c.c.). After 24 
hours, the yellow crystalline solid was removed (6-5 g.; m. p. 120— 
125°), and the filtrate diluted with water. From the oil produced, 
which was isolated, washed (aqueous alkali) and dried (calcium 
chloride) in ether and recovered (28 g.), 3 g. of solid separated on 
standing (m. p. 120—125°). The liquid, distilled under reduced 
pressure, gave (i) a reddish oil (16 g.), b. p. 180—186°/8 mm., (ii) a 
pale yellow oil (6-5 g.), b. p. 186—210°/8 mm., which on standing 
at — 10° deposited 3 g. of solid, m. p. 120—125°, and (iii) a fraction, 
b. p. 225—265°/20 mm., which solidified (2 g.,m. p. 120—125°). The 
total solid product (14-5 g.) on recrystallisation from alcohol gave 
pure 4-nitro-4’-methyldiphenyl, m. p. 140°. The total liquid product 
(19—20 g.), consisting of isomeric mononitro-4-methyldiphenyls, 
comprised approximately 57%, of the total nitration product. 

Nitration of 4-Nitro-4’-methyldiphenyl._—The substance (4 g.) was 
heated for 5 minutes with fuming nitric acid and then poured into 
water. Repeated crystallisation of the product from glacial acetic 
acid and finally from alcohol gave 2(or 3) : 4’-dinitro-4-methyl- 
diphenyl in minute prisms, m. p. 178° (Found: C, 60-5; H, 4-1. 
C,,;H,,0,N, requires C, 60-5; H, 39%), and a second isomeride, 
m. p. below 150°. 

Nitration of 4-methyldipheny]l with concentrated nitric and acetic 
acids on the steam-bath, fuming nitric and acetic acids or con- 
centrated nitric and sulphuric acids at room temperature also gave 
considerable quantities of 2(or 3) : 4’-dinitro-4-methyldipheny]. 

Oxidation of 4-Nitro-4’-methyldiphenyl._—A hot solution of 4-nitro- 
4’-methyldipheny] (1 g.) in glacial acetic acid was treated gradually 
with chromic anhydride (2 g.) in acetic acid (30 c.c.), heated on the 
steam-bath for 10 hours, and diluted with water. The white solid, 
crystallised from absolute alcohol, gave 4-nitrodiphenyl-4’-carboxylic 
acid * in small needles, m. p. 340° (Found: C, 64-4; H, 4-0. 
C,,H,O,N requires C, 64:2; H, 37%), and almost insoluble in 


* The literature contains a reference to “ 4-nitrodiphenyl-4’-carboxylic 
acid, m, p. 222—225°”’ (Kuhling, Ber., 1895, 28, 525; 1896, 29, 166), but 
this acid must be 4-nitrodiphenyl-2’-carboxylic acid, since it was obtained 
by oxidation of a nitromethyldiphenyl later shown by Kliegl and Huber (loc. 
cit.) to be 4-nitro-2’-methyldiphenyl. 
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benzene and light petroleum. The use of a larger quantity of chromic 
anhydride (15 g.) and prolonged boiling (30 hours) produced p-nitro- 
benzoic acid, m. p. and mixed m. p. 239°, which was isolated in ether. 

Reduction of 4-nitro-4’-methyldiphenyl with stannous chloride 
(Schlenk and Weickel, Annalen, 1909, 368, 303) gave 4-amino- 
4’-methyldiphenyl, m. p. 97° (acetyl derivative, m. p. 219°) (compare 
Kliegl and Huber, Ber., 1920, 53, 1646). 

Nitration of 4-Nitrodiphenyl-4’-carboxylic Acid.—The acid (0-5 g,) 
was dissolved in cold fuming nitric acid, heated on the steam-bath 
for 10 minutes, and poured into water. The white solid, crystallised 
from alcohol, gave 2 : 4’-dinitrodiphenyl-4-carboxylic acid, m. p. 
255—256° both alone and when mixed with an authentic specimen 
(Gull and Turner, loc. cit.), The present results support the view, 
expressed by these authors, that the deactivating effect of the 
nitro-group exceeds that of the carboxyl group. 

Oxidation of the Liquid Nitration Product from 4-Methyldiphenyl. 
—(a) With potassium permanganate. The liquid (5 g.) and water 
(30 c.c,) were heated under reflux while a concentrated solution of 
potassium permanganate (7-5 g.) was gradually added. After 
20 hours’ boiling (a little oil still remained), the mixture was treated 
with sulphur dioxide and filtered, the residue treated with aqueous 
sodium hydroxide and extracted with ether to remove unchanged 
oil, and the extract added to the filtrate. Acidification of the 
aqueous layer gave a white precipitate, which on crystallisation from 
alcohol gave 2-nitrodiphenyl-4’-carboxylic acid, m. p. 250°, in small 
fine needles (Found: C, 64-1; H, 4:2. C,3H,O,N requires C, 64-2; 
H, 3-7%). The ethereal extract, containing unchanged nitration 
product, was reduced as described later to give 2-amino-4-methyl- 
diphenyl. 

(b). With chromic acid. A hot solution of chromic anhydride 
(25 g.) in glacial acetic acid (25 c.c.) and water (5 c.c.) was gradually 
added to a boiling solution of the liquid nitration product (5-5 g.) 
in glacial acetic acid (25 c.c.), and the mixture boiled under reflux 
for 16 hours and then poured into much water, The oxidation 
product was removed, dissolved in alkali, filtered, precipitated by 
acid, and crystallised from absolute alcohol, 2-nitrodiphenyl-4- 
carboxylic acid (m. p. 250°) separating (1 g.). Evaporation of the 
mother-liquor gave a second product, m. p. (after repeated crystal- 
lisation from alcohol) 185—188°, raised on admixture with 2-nitro- 
diphenyl-4-carboxylic acid (m. p. 191°). 

Nitration of ,2-Nitrodiphenyl-4’-carboxylic Acid.—The acid was 
nitrated in the same way as the 4-nitro-acid, and 2 : 2’-dinitro- 
diphenyl-4-carboxylic acid obtained, m. p. 194—195°, not depressed 
on admixture with the authentic acid (m. p. 201°) prepared by the 
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method of Gull and Turner (loc. cit.). Slightly higher temperatures 
were used than those given by these authors. 

Reduction of the Liquid Nitration Product.—The liquid (2 g.) 
in aleohol (25 c.c.) and stannous chloride (12 g.) in hot concentrated 
hydrochloric acid (25 c.c.) were mixed and heated on the steam-bath 
for 2 hours, and the cooled solution made alkaline (sodium hydroxide). 
Ether extracted a reddish-brown oil, which was treated with acetic 
anhydride; crystallisation from alcohol gave 2-acetamido-4-methyl- 
diphenyl in small transparent plates, m. p. 145° (Found: C, 79-5; 
H, 6-6; N, 63. C,,H,,ON requires C, 80-0; H, 6-7; N, 6-2%). 
A portion of the reduction product, benzoylated by the Schotten— 
Baumann method, gave 2-benzamido-4-methyldiphenyl; fine white 
plates, m. p. 221°, from alcohol (Found : C, 83-5; H, 5-6, O,)H,,ON 
requires C, 83-6; H, 5-9%). 

Synthesis of 2-Acetamido-4’-methyldiphenyl.—p-Toluidine (107 g,) 
in 192 c.c. of hydrochloric acid (d 1-16) was diazotised at 0O—5° with 
aqueous sodium nitrite and added slowly to a well-stirred mixture of 
nitrobenzene (600 c.c.) and 40%, sodium hydroxide solution (275 ¢.¢.) 
below 5°. After 5 hours, the nitrobenzene layer was separated, 
washed (hydrochloric acid; water), and dried (calcium chloride), 
the nitrobenzene distilled, the dark residue heated under reflux with 
benzene and light petroleum (b. p. 60—80°), and the clear solution 
decanted from the tar and distilled under reduced pressure after 
removal of the solvent, three fractions being collected: (a) b. p. 
160—180°/17 mm., mainly nitrobenzene with a small quantity of a 
higher fraction; fraction (b), b. p. 180—210°/20 mm., deposited a 
yellow solid. This was added to fraction (c), b. p. 210—250°/20 mm., 
which had solidified almost completely. Recrystallisation of the 
solid from alcohol gave pure 4-nitro-4’-methyldiphenyl, m. p. and 
mixed m. p. 140°. The higher fraction from (a) and the liquid 
fraction from (b) both consisted of 2-nitro-4’-methyldiphenyl, since 
on oxidation with chromic acid both gave 2-nitrodiphenyl-4’- 
carboxylic acid, m. p. and mixed m. p. 250°. Attempts to prepare 
2-nitro-4’-methyldiphenyl by the action of diazotised o-nitroaniline 
on toluene by the Gomberg method and by heating o-chloronitro- 
benzene with p-iodotoluene in the presence of copper-bronze were 
unsuccessful, Reduction of the 2-nitro-4’-methyldiphenyl in the 
manner already described for the reduction of the liquid nitration 
product gave a liquid base which on acetylation with acetic anhydride 
and subsequent crystallisation from 95% alcohol gave 2-acetamido- 
4’-methyldiphenyl in white needles, m. p. 103° (Found: C, 79-6; 
H, 6-7; N, 6-4. C,,H,,ON requires C, 80-0; H, 6-7; N, 6-2%). 

Synthesis of 3-Acetamido-4-methyldiphenyl.—This was effected as 
that of 2-acetamido-4’-methyldiphenyl (2-nitro-4-aminotoluene, 
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61 g., concentrated hydrochloric acid, 78 c.c., sodium nitrite solution ; 
benzene, 300 c.c., sodium hydroxide, 44 g. in 150 c.c., at 5—10°). 
The oil obtained from the benzene-light petroleum was reduced with 
stannous chloride, and the liquid base acetylated. Recrystallisation 
from aqueous alcohol gave 3-acetamido-4-methyldiphenyl in small 
white needles, m. p. 150° (Found: C, 80-4; H, 6-7; N, 66. 
C,;H,,ON requires C, 80-0; H, 6-7; N, 6-2%). 

Oxidation of 2-Acetamido-4-methyldiphenyl.—2 -Acetamido-4- 
methyldiphenyl! (1-3 g., prepared from the liquid nitration product 
of 4-methyldiphenyl) was suspended in boiling water (100 c.c.) 
containing magnesium sulphate (2-5 g.),and potassium permanganate 
(1-8 g.) added during 2 hours. The mixture was boiled for 4 hours, 
treated when cold with sulphur dioxide, and the solid recrystallised 
from aqueous alcohol, 2-acetamidodiphenyl-4-carboxylic acid being 
obtained in small white prisms, m. p. 222° (Found: C, 70-5; 
H, 4:95; N, 5-65. C,;H,,0,N requires C, 70-6; H, 5-1; N, 5-5%). 

Synthesis of 2-Nitrodiphenyl-4-carboxylic Acid.—Ethyl 4-bromo- 
3-nitrobenzoate (40 g.), iodobenzene (32 g.), and copper-bronze 
(40 g.) were heated for 1 hour at 235—245°. The cold solid mass was 
extracted with chloroform, evaporation of which left a dark sticky 
residue; this was heated with concentrated sodium hydroxide 
solution, diluted, and filtered. The filtrate on acidification deposited 
asolid. Both this solid and that obtained from the alkaline filtration 
were heated with concentrated hydrochloric acid; a hot absolute 
alcoholic extract of the residue deposited, on cooling, a crystalline 
solid, m. p. 189—191°. Recrystallisation from alcohol gave pale 
buff-yellow needles of 2-nitrodiphenyl-4-carboxylic acid, m. p. 191° 
(Found: C, 645; H, 4-1. (C,,;H,O,N requires C, 64-2; H, 3-7%). 
The less soluble material consisted of 2 : 2’-dinitrodiphenyl-4 : 4’- 
dicarboxylic acid. 

Reduction of 2-Nitrodiphenyl-4-carboxylic Acid.—The acid (2 g.) 
was heated on the steam-bath with tin (4 g.) and concentrated 
hydrochloric acid (25 c.c.). After 2 hours, the liquid was diluted 
with water and the solid was collected, dried, and acetylated (acetic 
anhydride and one drop of concentrated sulphuric acid); ether 
extracted from the diluted solution a crystalline substance which, 
recrystallised from aqueous alcohol, gave 2-acetamidodiphenyl- 
4-carboxylic acid, m. p. 222°, both alone and when mixed with that 
obtained from the liquid nitration product of 4-methyldiphenyl. 


The authors express their thanks to Professor Lapworth, F.R.S., 
for his helpful advice, and to the Chemical Society for a grant 
which has partly defrayed the cost of this investigation. 
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258. The Supposed Isomerism among the Pallado- 
diammines. 


By Harry Ducatp Kerra Drew, FREDERIC WILLIAM PINKARD, 
GRAHAM HotmEs Preston, and Win~L1AM WaARDLAW. 


A prInk and a yellow series of pallado-diammines, of general formula 
PdA,X,, have long been known. Vauquelin (1813) discovered the 
first example by preparing the rose-pink compound Pd(NH;),Cl,, 
and Miiller (Ann. Pharm., 1853, 86, 341) obtained the corresponding 
yellow substance. Later workers have widely extended the series 
and have shown that the phenomenon is general in character. 

The pink compounds are obtained by the direct action of the 
amine upon a palladous salt in aqueous solution; and the yellow, 
by dissolving the pink in excess of the amine and adding mineral 
acid. These methods are precisely those which in the case of 
platinum give rise, respectively, to the $-plato-diammines (plato- 
semidiammines) and the «-isomerides (platosammines); and hence 
it has been widely held that the pink and the yellow palladous 
compounds are isomeric substances which are the analogues of the 
8- and «-platodiammines. Their occurrence is therefore accounted 
for on the hypothesis of cis- and trans-planar isomerism due to 
Werner : 


H,N.. 1 HN. 
Pa Pa 
H,N* Cc’ “NH, 
(pink) (yellow) 


That conclusion is supported by the apparent monomeric character 
of the few palladous compounds of both series whose molecular 
weights have been observed; and, more recently, by an inference 
drawn from the results of Dickinson’s X-ray crystal analysis of 
potassium and ammonium chloropalladites, which are tetragonal 
and contain the square-planar anion, PdCl,’ (compare Lowry, 
Nature, 1929, 123, 548). 

Our study of the plato-diammines (this vol., p. 988) led us to doubt 
the validity of this conclusion for several reasons; for example, 
whilst the pink palladous compounds change into the yellow on 
being heated alone or with water, the «- and §#-plato-diammines 
cannot be intertransformed; again, there are no pink compounds 
among the many known plato-diammines. We have therefore 
carefully re-examined and extended some of the former work, and 
are now able to show beyond doubt (a) that the pink and yellow 
palladous diammines are not isomeric, (6) that the pink compounds 
are salts which contain each two palladium atoms in the molecule, 
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being the palladium analogues of Magnus’s salts, and (c) that the 
yellowcompounds are monomeric and correspond closely in behaviour 
with the a-platodiammines. Thus, for the derivatives of ammonia, 
the formule are : 
[Pa(NH,),JPdCl, Pd(NH;),Cl, 

(pink) (yellow) 
The pink compounds were actually formulated in this manner long 
ago both by Kurnakow and by Gutbier, but their view has been 
rejected owing to the absence of any supporting evidence to be 
found either in the work of these or of later authors. 

The evidence now brought forward may be grouped under the 
following heads : 

(1) When the yellow diammine, Pd(NH,),Cl,, is dissolved in aqueous 
ammonia it gives the colourless tetraammine Pd(NH,),Cl,, the 
aqueous solution of which gives with potassium or ammonium 
chloropalladite a quantitative precipitate of the pink compound, 
shown by a number of reactions to be identical with that produced 
by the direct action of ammonia upon the aqueous potassium or 
ammonium salt. This cardinal fact, which seems, surprisingly, to 
have escaped previous attention, can only mean that the members 
of the pink series are pallado-salts : 


Pd(NH,),Cl, —-> [Pd(NH,),]Cl, ; 
[Pd(NH,),|Cl, + K,PdCl, = [Pd(NH,),JPdCl, +- 2KCl. 


The pink ethylenediamino-salt, [Pd en,]PdCl,, and the pyridino- 
analogue, [Pd py,]PdCl,, are similarly obtained each by the same 
two methods. 

(2) Two new mixed plato-pallado-salts were prepared by com- 
bining a pallado- or plato-tetrammine with K,PtCl, or K,PdC\,. 
They fall into a series with the pink pallado-salt and the pink form 
of Magnus’s salt : 


[Pd(NH,),]PdCl,, pink needles ; 

[Pd(NH;),]PtCl, pink needles, scarcely distinguishable in 
appearance from the above; 

[Pt(NH,),JPdCl,, brownish-red prisms (silver-grey form also, 
+ $H,0) ; 

[Pt(NH,),|PtCl,, pink needles (green form also). 
The analogy shows that the pink pallado-compounds must contain 
each two palladium atoms in the molecule. The salts behave with 
amines and with hydrochloric acid (see later) in a manner which 
confirms the above structures. 

(3) (a) When the pink pallado-salt is treated with the equivalent 
of cold aqueous silver nitrate, it gives a precipitate of the brown 
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insoluble silver chloropalladite and a solution of the already known 
tetramminopallado-dinitrate, a colourless crystalline substance which 
readily dissolves in water giving a solution from which potassium 
chloropalladite reprecipitates the original pink compound : 


[Pd(NH,),JPdCl, + 2AgNO, = Ag,PdCl, + [Pd(NH,),](NO,), ; 
[Pd(NH,),](NO,). + K,PdCl, = 2KNO, + [Pd(NH,),]PdCl,. 


On the other hand, the yellow compound gives only the correspond- 
ing diammino-dinitrate, as already shown by Miller (loc. cit.) : 


Pd(NH,),Cl, + 2AgNO, = Pd(NH,).(NO;), + 2AgCl. 


(6) When moist silver oxide is used instead of silver nitrate, the 
pink salt gives the almost colourless tetrammino-base which was 
isolated and analysed, 


[Pd(NH,),]JPdCl, + Ag,O + H,O = Ag,PdCl, + [Pd(NH,),)(OH).. 


When cautiously neutralised with hydrochloric acid, this base gives 
the tetrammino-dichloride; whilst, when treated with aqueous 
potassium chloropalladite containing the equivalent of free hydro- 
ehloric acid, it gives back the original pink pallado-salt. 

In contrast, the yellow diammine gives only the deep yellow 
diammino-base, Pd(NH,),(OH),, which with hydrochloric acid 
regenerates the yellow diammine. Naturally, when the tetrammino- 
base is treated with an excess of hydrochloric acid, the yellow 
diammine is precipitated, since this is the action of hydrochloric 
acid on the tetrammino-dichloride: 


[Pd(NH,),]Cl, + 2HCl = Pd(NH,),Cl, + 2NH,Cl. 


Miiller (loc. cit.) prepared both of the above bases in an impure condi- 
tion, but he obtained the tetrammino-base only from Pd(NHs;),Cl, 
and does not appear to have examined the action of silver oxide on 
the pink salt. 

The pink salts containing ethylenediamine or pyridine, instead of 
ammonia, behave like the foregoing pink salt, both with silver 
nitrate and with silver oxide; whilst the yellow diammines behave 
like yellow Pd(NH,),Cl,. The bases containing pyridine are, how- 
ever, unstable and soon evolve pyridine. 

(4) When the pink ammine is suspended in water and treated 
with chlorine in the cold, it gives an orange-brown salt, identical 
with that obtained by treating the tetrammino-dichloride with a 
hydrochloric acid solution of ammonium chloropalladate ; this salt 
is therefore the palladi-salt of the tetrammino-base : 


[Pd(NH,),]PdCl, + Cl, = [Pd(NH,),JPdCl, ; 
[Pd(NH,),]Cl, + (NH,),PdCl, = 2NH,Cl + [Pd(NH,),]PdCl,. 
Q 
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Decomposition of the palladi-salt with aqueous silver nitrate was 
shown to give insoluble silver chloropalladate, and a solution of 
tetramminopalladous” dinitrate, which gave again the original pink 
salt with aqueous K,PdCl, : 

[Pd(NH,),JPdCl, + 2AgNO, = [Pd(NH;),](NO;), + Ag,PdCl,. 

When the pink salt was treated with hydrogen peroxide and 
hydrochloric acid in the cold, however, it gave an orange solution 
containing H,PdCl, and chlorine (or the unstable H,PdCl,) and an 
orange solid shown to be the rather unstable diammino-palladi- 
tetrachloride; this reaction is again in accord with what would be 
anticipated for the pallado-salt of a tetrammine in the presence of 
an acid and chlorine : 


[Pd(NH,),JPdCl, —-> [Pd(NH,),]Cl, + H,PdCl, ——> 
Pd(NH,),Cl, + H,PdCl, + 2NH,Cl; 
Pd(NH,),Cl, —~-> Pd(NH,),Ch. 
On being warmed with water, the tetrachloride readily decomposed 
into chlorine and the yellow diammine. 

Chlorination of the corresponding pink ethylenediamino-com- 
pound gave parallel results. When, however, yellow Pd(NH,),(), 
was treated with hydrogen peroxide and hydrochloric acid under the 
same conditions, it behaved quite differently from the pink salt, 
giving the almost black compound [Pd(NH,),Cl,], in glistening 
rectangular needles. Chlorine in water or chloroform gave the 
same substance, but more energetic chlorination of the yellow 
diammine in carbon tetrachloride gave the foregoing tetrachloride, 
Pd(NH,),Cl,, which readily lost chlorine, reverting first to the black 
compound, and finally to the yellow Pd(NH,),Cl,. 

2Pd(NH;,),Cl, + Cl, == Cl,(NH,),Pd.Pd(NH,),CI, ; 
[Pd(NH;,),Cl,], + Cl, == 2Pd(NH,),Cl,. 
Similar reactions are given by yellow Pd enCl, and Pd py,Cl,, but im 
these cases the orange diaminopalladi-tetrachlorides are more stable 
and can be isolated in a pure condition. 

The black compound mentioned above is interesting, since it has 
two palladium atoms directly united together, a structure accom- 
panied by great intensity of colour; we have already described an 
example of this class of substance in the platinum series (this vol., 
p- 1013). The black compound was discovered by St. Claire Deville 
and Debray in 1878 (Compt. rend., 87, 926), who assigned to it the 
correct empirical formula; Rosenheim and Maas (Z. anorg. Chem. 
1898, 18, 331) erroneously stated that this substance was a mixture, 
chiefly of (NH,),.PdCl,. Hofmann and others have confused the 
substance with the isomeric [Pd(NH,),}PdCl,. 
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(5) The action of aqueous solutions of amines on the. pink and 
yellow pallado-diammines is complicated, owing to the looseness 
with which ammino-groups are held by the palladium as compared 
with the platinum atom; but the results are of value because they 
show clearly that the yellow pallado-diammines are akin to the 
a-plato-diammines. 

(a) Simple Tetrammines.—The following colourless, crystalline 
substances result when either the pink or the yellow pallado-com- 
pound is treated with excess of the amine which it already contains : 
Pd(NH,),Cl,,H,O; Pd py,Cl,,3H,0; Pden,Cl, (anhydrous). The 
last two do not seem to have been analysed previously. 

Of these, the telrapyridino-compound is unstable in the solid 
state, and also in aqueous solution unless excess of pyridine be 
present. The tetrammino- is rather less stable than the diethylene- 
diamino-compound. All three develop more or less free amine in 
aqueous solution, and all are decomposed even by very dilute 
hydrochloric acid in the cold (compare the plato-tetrammines, 
which are only decomposed when boiled with strong acid). 

(b) Mixed Tetrammines.—Experiments showed that in aqueous 
solutions one amine may replace another in the tetrammines ; 
thus, the nature of the final product depends on the nature of the 
free and combined amines and may also depend upon their concen- 
trations. Nevertheless it is possible to prepare mixed tetrammines, 
ég., by acting upon a yellow diammine with 2 mols. of an amine 
with less affinity for palladium than that already present. Thus, 
with the pair ammonia-ethylenediamine, free ethylenediamine 
tends to replace combined ammonia, so that the mixture 
2Pd(NH,),Cl, + 2en gives [Pd(NH,),]Cl,-+[Pden,]Cl,; but 
PdenCl, + 2NH, —> [Pden(NH,),]Cl,. So also, commencing 
with the pink salt : 


[Pd(NH,),]PdCl, + 2en —-> [Pd en,]Cl, + [Pd(NH3),]Cl,. 


These results show that combined ethylenediamine has little ten- 
dency to replace combined ammonia, which could be anticipated 
from the fact that the tetrammines are fairly stable. On the 
other hand, if ammonia in large excess acts upon PdenCl,, the 
product is chiefly [Pd(NH,),JCl,, An equimolecular mixture of 
[Pden,]JCl, and [Pd(NH,),JCl, in water remains substantially 
unchanged. 

With the pair ammonia—pyridine, the results are somewhat 
different, because the following reaction is complete in dilute 
aqueous pyridine : 


[Pd(NH,),JCl, + [Pd py,JCl, —> 2[Pd(NH,), py,]Cl, 
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(in all reactions involving pallado-tetrammines containing pyridine, 
it is necessary to have present an excess of free pyridine, to prevent 
precipitation of diammine). 
So also with the pink salt : 
[Pd(NH,),JPdCl, + 4py —~> 2[Pd(NH;),py,]Cl, ; 
and with the yellow diammines : 


Pd(NH;),Cl, + 2py —> [Pd(NH3),py2]Cl, ; 
Pd py,Cl, + 2NH, —> [Pd(NH;),py,]Cl,. 
If free ammonia be used in excess, it tends to replace pyridine, 
but free pyridine does not seem to replace combined ammonia. It 
will be seen that the tendency towards replacement of one amine 
by another, incipient in the plato-tetrammines, is a controlling 
influence in the palladium series. 

There is only one mixed pallado-tetrammine in each case, and 
this has a structure corresponding with that of an «-plato-tetram- 
mine; for the product of decomposition with dilute hydrochloric 
acid was a mixture of the two simple «-diammines, e.g.: 


2[Pd(NH,), py, |Cl, + 4HCl = 
Pd(NH,),Cl, + Pd py,Cl, + 2pyHCl + 2NH,Cl. 


The two diammines, produced in this case in almost equimolecular 
proportion, were quantitatively separable by means of cold chloro- 
form, in which only the pyridino-compound dissolved. No trace 
of the mixed diammine, Pd(NH,)pyCl,, was present. Like the 
8-diammines, therefore, the @-tetrammines are absent in the pal- 
ladium series. 

When [Pd(NH,),en]Cl, was decomposed with the equivalent of 
dilute hydrochloric acid, it gave a mixture of Pd(NH,),Cl, and 
PdenCl,, the latter being in great excess. The reaction was 
quantitative, and thus proves that the initial mixed tetrammine 
cannot be a molecular complex of the two simple tetrammines. 

(6) The action of amines upon the mixed plato-pallado-salts 
is noteworthy. Magnus’s salts are unaffected by cold aqueous 
ammonia or pyridine, and so also is the salt [Pd(NH,),|PtCl,; but 
the salt [Pt(NH,),]PdCl,, like the salts of the pink pallado-series, is 
dissolved by both amines, as well as by ethylenediamine, giving 
products easily identified : 


[Pt(NH,),JPaCl, —+ [Pt(NH,),]Cl, + [Pd(NH,),JCl 
[Pt(NH,),JPdCl, —-> [Pt(NH,),]Cl, + [Pd en,]Cl. 


Thus, the property of becoming disrupted in the presence of amines 
depends on the possession of the anion PdCl,’”". This was confirmed 
by the fact that [Pd(NH,),]PtCl,, and not [Pt(NH,),JPdCl,, gives 4 
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coloration with phenoxtellurine dibisulphate; for, whilst it has 
already been shown that Magnus’s salts and alkali chloroplatinites 
invariably respond to that reagent, the pallado-salts do not, owing 
to the feeble tendency of palladium to become quadrivalent ; even 
K,PdCl, and (NH,),PdCl, show only feeble colorations. These 
results incidentally confirm our interpretation of the phenox- 
tellurine dibisulphate reaction (loc. cit.). 

The mixed tetrammines gave pallado-salits which obviously 
belonged to the pink series; of these, the following were analysed : 
[Pd(NH,), en]PdCl,, pink needles; [Pd(NH,),py,]PdCl,, pale 
salmon-pink needles. 

(7) Molecular Weights.—Krauss and Brodkorb (Z. anorg. Chem., 
1927, 165, 73) found that both the “ pink ’’ and the yellow pyridino- 
‘“diammines ’’ are monomeric in freezing phenol. They describe 
the “pink ’’ compound as “red,” whereas we find that it is 
orange-brown, and they prepared it “‘ by the action of pyridine on 
H,PdCl, in weak hydrochloric acid solution.” We find that pure 
{Pd py,|PdCl, changes with great ease into Pd py,Cl,, especially in 
contact with solvents. Like its analogues, [Pd py,]PdCl, is in- 
soluble in organic solvents, and it is difficult to see how it could 
dissolve in phenol without transformation into the soluble Pd py,Cl,. 
For this reason, and because the question of possible ionisation has 
not been considered, little reliance can be placed on Krauss and 
Brodkorb’s result for the pink salt. On the other hand, we find that 
yellow Pd py,Cl, is monomeric in boiling chloroform, in agreement 
with Krauss and Brodkorb’s results for this substance in freezing 
phenol and for yellow Pd(NH,),Cl, in boiling water. 

(8) Transformation of the pink to the yellow compounds is known 
to occur on heating in the dry state, on boiling with water or with 
hydrochloric acid, or even on long contact with water. We find 
that this last method is very slow in the case of [Pd(NH,),]PdCl,, 
whilst the presence of traces of hydrochloric acid renders it still 
slower. On the other hand, the pink compounds, when prepared by 
the action of 2 equivs. of the amines on aqueous K,PdCl,, invariably 
contain small proportions of the yellow, and these are the larger 
the less the stability of the corresponding tetrammine. Moreover, 
the ease with which the change pink —-> yellow form occurs seems 
to follow the same rule: thus [Pd py,]PdCl, changes rapidly, and 

the tetrammine [Pd py,]Cl, readily loses pyridine. 

' This suggests strongly that the transformation is due to the 
following charges (e.g.) : 
[Pd(NH,),JPdCl, —> [Pd(NH,),]Cl, + PdCl, ; 
[Pd(NH,),]Cl, —> Pd(NH,),Cl, + 2NH;,; 
2PdCl, + 4NH, —~> [Pd(NH,),]PdCl,; ete. 
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Alternatively, the first reaction (above) may result from the decom- 
position of the anion PdCl,”. 

The decomposition of several pink salts by means of warm, dilute 
hydrochloric acid was examined in order to test this theory. In all 
cases the salts with palladium in the kation behaved as if they 
decomposed first into the pallado-tetrammine and the acid H,PdCl, 
(or H,PtCl,), the tetrammines then further decomposing in the 
normal manner into pallado-diammines and free amines, which 
formed salts with H,PdCl, or H,PtCl,; the pallado-diammines were 
themselves in part further changed by the hydrochloric acid into 
salts of H,PdCl,, either of the normal or of Cossa’s type, for the pal- 
lado-diammines are much less stable to acids than are even the 
6-plato-diammines. The following show the sense of the preliminary 
decompositions in typical cases studied : 


[Pd(NH,),]PdCl, —-> [Pd(NH,),]|Cl, 4+- H,PdCl, —> 
Pd(NH,),Cl, + (NH,),PdCl,; 
[Pd(NH,),]PtCl, —> [Pd(NH,),]Cl, + H,PtCl, —> 
Pd(NH,),Cl, + (NH,).PtCl,; 
[Pd(NH;),py.JPdCl, —-> [Pd(NH;),py,]Cl, + H,PdCl, —> 
Pd(NH,),Cl, + Pd py,Cl, -++ (pyH),PdCl, + (NH,),PdC\,; 
[Pd(NH3),py.]PtCl, —> [Pd(NH;),py,]Cl, + H,PtCl, —> 
Pd(NH;),Cl, + Pd py,Cl, + (pyH),PtCl, + (NH,),PtCl,. 


When, however, platinum is in the kation, the salts do not decom- 
pose into diammines because the plato-tetrammines are stable to 
dilute acid; however, the solutions still behave, ¢.g., towards 
[Pt(NH,),|Cl,, as if they contained the disassociated salt (tetram- 
mine and acid) ; 


a- or B-[Pt(NH,),py,|PtCl, —-> «- or B-[Pt(NH,),py,]Cl, + H,PtCl,; 
[Pt(NH,),]PdCl, —> [Pt(NH,),]Cl, + H,PdCl,. 


The mechanism by which the pink salts are formed from K,PdCl, 
and an aqueous amine is capable of several interpretations, but it 
may be remarked that if the formation be assumed of an inter- 
mediate pallado-diammine which reacts rapidly with further 
ammonia to give a tetrammine, sufficient unchanged K,PdCl, may 
remain to interact with the tetrammine. This kind of change is, 
indeed, already seen in the action of amines on K,PtCl,, where 4 
little of the Magnus’s salt invariably accompanies the main product 
(8-diammine). In both cases, tetrammines can be detected in the * 
mother-liquors. 

(9) Kurnakow and Gwosdarew (Z. anorg. Chem., 1899, 22, 384) 
noticed that when [Pd en,]Cl, is decomposed by hydrochloric acid it 
gives the yellow Pd enCl,. We find that the reaction is quantitative 
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if sufficient time be allowed and if the equivalent of dilute acid, be 
used: Pden,Cl, + 2HCl = Pd enCl, + en,2HCl. It does not ap- 
pear to have been remarked that this reaction creates a dilemma 
for Werner’s planar hypothesis of the structure of pallado-ammines, 
since here the trans-elimination of groups which that theory requires 
cannot occur, for the theory postulates that the ethylenediamino- 
groups span cis-positions : 


{ 
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trans-Elimination would therefore leave both groupings still 
attached to palladium. Our own theory, however, readily accounts 
for the result, since the yellow pallado-diammines are all «-com- 
pounds, whereas in the platinum series the «-diammine containing 
ethylenediamine cannot exist. 

Stereochemistry of the Palladous and Platinous Tetrammines.—It 
is clear from the results with the mixed tetrammines that the same 
pairing of valencies which we have postulated (this vol., p. 1006) in 
the case of ae must also occur with palladium, e.g. : 


| Spat Ol, bis GRBs sf Oy 
UC BE =— Py to BF ot! PR 
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Whilst in platinum, however, the linkings in £-positions (un- 
bracketed) appear to be closer together than those in «-, in palladium 
there is no reason to assume this inequality. Our experiments 
throw no direct light upon the question as to whether the four groups 
in the tetrammines are situated in a plane or tetrahedrally around 
palladium; but they show that there is no longer any chemical 
evidence for assuming a planar configuration. 

The absence of the structural analogues of the platinum $-diam- 
mines from the palladium series may be connected with the inferior 
attractive power of the less massive palladium atom for the valency 
electrons of nitrogen; the halogens attached to nitrogen might thus 
be able to ionise, and, combining with palladium, to destroy the B- 
structure, an electron passing to each nitrogen atom : 
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On the other hand, only the nature of the fine structure of the 
palladium atom can be held to account for the absence from it of 
8-positions corresponding stereochemically with those found in 
platinum. 


EXPERIMENTAL. 


Pallado-salis (“‘ Pink Diammines ’’).—Preparation. (a) A slight 
excess of the aqueous amine is added to a cold concentrated solution 
of K,PdCl, [or with ammonia, of (NH,),PdCl,], and the pallado-salt 
at once filtered off (yield, about 80%). The filtrate contains tetram- 
mine from which hydrochloric acid precipitates the yellow diammine ; 
if too little amine be used, the filtrate may spontaneously deposit 
the latter. When the tetrammine is unstable the pink salt is liable 
to contain some of the diammine. 

(6) A slight excess of cold aqueous K,PdCl, is added to a freshly- 
made aqueous solution of the tetrammine, and the product filtered 
off after a few minutes (yield, quantitative). 

The identity of the products of these two methods was proved by 
duplication of most of the chemical reactions hereinafter described, 
as well as from the physical properties and analysis. 

Tetramminopalladium chloropalladite forms minute pink needles, 
stable when dry or for many months in cold very dilute hydrochloric 
acid, and partially changed to the diammine after several weeks in 
cold water, or at once in boiling water or in hot dilute hydrochloric 
acid [Found: Pd, 50-4. Pd(NH,),PdCl, requires Pd, 50-4%]. 

Tetrapyridinopalladium chloropalladite forms light orange-brown 
microcrystals (yield, nearly quantitative); it easily changes to the 
diammine, slowly even when dry, more rapidly if moist or in contact 
with organic solvents or hot water; and is insoluble in water or 
chloroform. It can be prepared also from (NH,),PdCl, and pyridine 
[Found: Pd, 31-6. Pd(C;H,;N),PdCl, requires Pd, 31-8%]. 

Bisethylenediaminopalladium chloropalladite forms microscopic, 
pale pink needles, more stable than the foregoing salts, but changed 
to the diammine by hot water. It can be prepared also from 
(NH,),PdCl, and ethylenediamine [Found: Pd, 44-8, 447. 
Pd(C,H,N,),PdCl, requires Pd, 44-9%]. 

Diamminodipyridinopalladium chloropalladite (from the tetram- 
mine and K,PdCl,) forms orange-yellow to salmon needles (Found : 
Pd, 38-7, 39-0. C, 9H,,N,Cl,Pd, requires Pd, 39-0°%), changed by 
hot water to a mixture (Found: Pd, 38-8%) of the two simple 
diammines. 

The diamminoethylenediamino-salt (from the tetrammine and 
K,PdCl,) forms minute pale-pink needles (Found: Pd, 47-5. 
C,H,,N,Cl,Pd, requires Pd, 47-5%). 

















the 
of 
in 











1905 





THE SUPPOSED ISOMERISM AMONG THE PALLADO-DIAMMINES. 


Pallado-plato-salts.—Prepared from the tetrammine and aqueous 
K,PdCl, or K,PtCl, : 

Tetramminopalladium chloroplatinite : short, slender, pink needles ; 
blackened by boiling water; with hot dilute hydrochloric acid gives 
Pd(NH;),Cl, and ammonium salts of H,PtCl, (Found: Pd + 
Pt, 59-15. H,,N,Cl,PdPt requires Pd + Pt, 59-0%); with phenox- 
tellurine dibisulphate it gives a dark red coloration. 

Tetramminoplatinum chloropalladite: lilac-grey needles (silver- 
grey when dry), which contain }H,O even after being dried 
over phosphoric oxide (Found: Pd-+ Pt, 58-3, 58-05, 58-25. 
H,,.N,Cl,PdPt,sH,O requires Pd + Pt, 58-0%); is not changed 
by warming with dilute hydrochloric acid, but if boiled with stronger 
acid it changes to a stable red-brown anhydrous modification, 
separating in small square plates (Found: Pd + Pt, 59-4, 58-7. 
H,,N,Cl,PdPt requires Pd + Pt, 59-0%). With phenoxtellurine 
dibisulphate, the grey form gives no apparent colour change. 

Diamminodipyridinopalladium chloroplatinite : very pale salmon- 
pink micro-crystals (Found: Pd + Pt, 47-15. C,)H,,N,Cl,PdPt 
requires Pd + Pt, 47-5%); with phenoxtellurine dibisulphate it 
gives an intense dark red coloration; boiled with very dilute hydro- 
chloric acid, it gave an almost equimolecular mixture (Found: 
Pd, 39-9, 38-8. Cale.: Pd, 39-0%) of Pd(NH;),Cl, and Pd py,Cl,, 
together with soluble salts of H,PtCl,. 

Pallado-diammines (Yellow Series)—These are prepared from 
the aqueous tetrammines by treatment with a slight excess of dilute 
hydrochloric acid, followed by standing ; also, by boiling the aqueous 
tetrammines, or by treating the pink pallado-salts with hot water or 
hot dilute acid as already indicated. 

Diamminopalladous chloride: dendritic clusters of orange-yellow 
to yellow prismatic needles, rather soluble in boiling water, but not 
without some decomposition ; insoluble in chloroform [Found : Pd, 
50-45, 50-45. Calc. for Pd(NH,),Cl,: Pd, 50-4%]. 

Dipyridinopalladous chloride: light yellow, pointed crystals; 
insoluble in water, but readily soluble in chloroform [Found : Pd, 
31-5, 31-4, 31-8; M (ebullioscopic in chloroform), 332. Cale. for 
Pd(C;H;N),Cl, : Pd, 31-89%; M, 336). 

Ethylenediaminopalladous chloride: well-defined, orange-yellow 
to yellow, rectangular needles; soluble in hot water without decom- 
position; insoluble in chloroform (Found: Pd, 44-9. Cale. for 
C,H,N,Cl,Pd : Pd, 44-9%). 

All of these diammines dissolve in warm hydrochloric acid to give 
solutions of salts of H,PdCl,, which, on repeated evaporation and 
solution, decompose with regeneration of the diammines. Diam- 
eee F nitrate, prepared from the corresponding yellow 
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dichloride and silver nitrate, forms a yellowish-brown crystalline 
powder, soluble in water; it is unstable in the presence of alcohol 
and is difficult to purify; with aqueous sodium chloride it gives a 
yellow precipitate of Pd(NH;),Cl, [Found: Pd, 39-7. Calc. for 
Pd(NH;),(NO,),: Pd, 40-3%]. 

T'etrammines.—These are prepared by the action of aqueous 
amines on the pink salts or on the yellow diammines. All decom- 
pose when their solutions are evaporated in the laboratory atmo- 
sphere, but they are stable for varying periods in cold water; they 
are decomposed by acids. Most of them are best isolated from 
aqueous solution by slow precipitation with alcohol, a little ether 
being added if necessary. The simple tetrammines are best re- 
crystallised from warm aqueous alcohol containing a little of the free 
amine. They are all colourless, transparent, and readily soluble in 
cold water. 

Tetramminopalladous chloride monohydrate : long needles, ends 
sometimes square and sometimes pointed [Found: Pd, 40-8, 40-6. 
Calc. for Pd(NH;,),Cl,,H,O : Pd, 40-45%]; it becomes faintly yellow 
if kept in a desiccator. The tetrapyridino-analogue forms large 
cubes often with facets, sometimes yellowish; stable in aqueous 
solution only for a short time, except in presence of free pyridine; 
decomposes if dried [Found: Pd, 19-7. Pd(C;H,;N),Cl,,3H,0 
requires Pd, 19-5%]. 

The bisethylenediamino-chloride forms large prisms, showing 
square and sometimes hexagonal faces; relatively stable (Found: 
Pd, 36-1. C,H,,N,Cl,Pd requires Pd, 35-85%). 

The diamminodipyridino-salt forms stellate clusters of minute 
needles; it can be kept in a desiccator, but decomposes in cold 
water unless excess of pyridine is present (Found, for anhydrous 
tetrammine prepared by three methods: Pd, 28-5, 28-9, 29-1, 28-9, 
29-0, 28-6, 28-75, 28-0, 28-45, 28-3, 29-0. C,,H,,N,Cl,Pd requires 
Pd, 28-85%). Fractionation from aqueous alcohol containing 
pyridine, followed by analysis of the crops, showed that this sub- 
stance was a true compound. It appears also to form a mono- 
hydrate, minute rectangular needles (Found: Pd, 27-8, 27-9. 
C,9H,,N,Cl,Pd,H,O requires Pd, 275%). This tetrammine results 
(1) when [Pd(NH,),]Cl, and [Pd py,]Cl, are mixed in molecular 
proportion in water containing pyridine; (2) when Pd(NH,),Cl, or 
[Pd(NH,),|PdCl, is acted upon by an excess of aqueous pyridine; 
(3) when Pd py,Cl, or [Pd py,]Cl, is acted upon by the calculated 
quantity of ammonia; if ammonia be in excess, it replaces pyridine. 
When decomposed by dilute hydrochloric acid in the cold, the 
mixed tetrammine gives approximately equimolecular proportions 
(e.g., Found: Pd, 40-3, 38-9, 41-4, 41-1. Oalc.: Pd, 39-0%) of 
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Pd(NHg),Cl, and Pd py,Cl,, completely separated by means of 
chloroform (e.g., Found for former: Pd, 50-2, 50-4; for latter: Pd, 
31-4, 31-5. Cale.: Pd, 50-4; Pd, 31-8%). 

Diamminoethylenediaminopalladous chloride forms nacreous thin 
plates, or long colourless needles, very easily soluble in cold water ; 
it is stable when dry or in solution (Found: Pd, 39-2, 39-1. 
C,H,,N,Cl,Pd requires Pd, 39-25%). This tetrammine was obtained 
only by the action of ammonia on Pd enCl,, the alternative methods 
(above) giving mixtures of the two simple tetrammines. When the 
mixed tetrammine was treated with the calculated quantity of diluted 
hydrochloric acid in the cold, it gave quantitatively a mixture of 
Pd enCl, and Pd(NH,),Cl, in the molar proportion 4: 1 (Found, in 
mixture: Pd, 45-8. Calc.: Pd, 45-9%). 

Dipyridinoethylenediaminopalladous chloride, white needles, 
probably of the dihydrate (Found : Pd, 24-7. C,,H,,N,Cl,Pd,2H,O 
requires Pd, 247%), was prepared only from pyridine and Pd enCl,, 
since ethylenediamine displaced pyridine from Pd py,Cl, and gave 
a mixture of the two simple tetrammines. The mixed tetrammine 
gave with cold dilute hydrochloric acid a mixture of the two simple 
diammines. 

Tetramminopalladous nitrate: prepared by the action of cold 
aqueous silver nitrate upon [Pd(NH,),|Cl, or [Pd(NH,),]PdCl,; the 
latter method is complicated by side reactions. The dinitrate 
crystallises readily from water in long, colourless, flat, hexagonal or 
rectangular needles (Found: Pd, 35-8, 36-1. H,,O,N,Pd requires 
Pd, 35-7%); it gives no precipitate with aqueous sodium chloride ; 
with cold dilute nitric acid, it gives a yellow solution of the diammine 
dinitrate. 

Bases.—Entirely different bases were obtained by treating (1) 
the pink and (2) the yellow pallado-diammines with excess of moist 
silver oxide in the cold, filtering, and evaporating the filtrate in 
a@vacuum. The bases were all readily soluble in water and strongly 
alkaline to litmus; they rapidly absorbed carbon dioxide, and 
neutralised hydrochloric acid to give the dichlorides—in (1) of the 
pallado-tetrammines, but in (2) of the diammines. Owing to their 
avidity for carbon dioxide, it was not possible to obtain the bases 
analytically pure. 

Tetramminopalladous hydroxide formed a transparent, pale 
yellow glass, which could not be further purified (Found: Pd, 50-1, 
50-2. H,,0,N,Pd requires Pd, 51-1%). Identical bases were pre- 
pated by using samples of the pink salt prepared (a) from ammonia 
and (NH,),PdCl,, and (b) from Pd(NH,),Cl, and (NH,),PdCl,; but 
repeated experiments indicated that the base becomes progressively 
less pure after isolation. 
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The tetrapyridino-hydroxide was similarly prepared from 
[Pd py,]PdCl,, but it so rapidly lost pyridine that it could not be 
isolated. On evaporation yellow needles (Found: Pd, 35-9%), 
possibly of Pd py,(OH),, were obtained; with hydrochloric acid, 
this substance gave Pd py,Cl,. 

Diamminopalladous hydroxide formed an orange solution in water ; 
when concentrated in a vacuum, the solution left an orange glass 
(Found: Pd, 61-85. H,O,N,Pd requires Pd, 61-1%); the base 
absorbed carbon dioxide from the air, giving the carbonate (Found : 
Pd, 55-9. Cale.: Pd, 53-1%), which, however, was not obtained 
pure. 

Dipyridinopalladous hydroxide formed a yellow solution in water, 
which, however, had the odour of pyridine; on evaporation in a 
vacuum, yellow needles were obtained (Found: Pd, 32-3, 32:2. 
CypH,,0,N,Pd requires Pd, 35-7%). Although with hydrochloric 
acid this substance gave Pd py,Cl,, it was obviously not pure and had 
possibly become transformed into the carbonate, Pd py,CO, (Cale.: 
Pd, 32-85%). 

Chlorination Products of the Pink and Yellow Pallado-diammines.— 
T'etramminopalladous chloropalladate, prepared by chlorination in 
water of samples of the pink salt obtained by both of the methods 
previously given, was a brownish-orange powder (Found: Pd, 
42-7, 42-6. H,,N,Cl,Pd, requires Pd, 43-15%). The same sub- 
stance was obtained by combining together (NH,),PdCl, and 
[Pd(NH,),JCl, (Found: Pd, 43-0%). When mixed with aqueous 
silver nitrate and filtered, all three samples of [Pd(NH,),|PdCl, gave 
a solution which produced the original pink compound when treated 
with aqueous (NH,),PdCl,. When heated with water, the palladi- 
salt loses chlorine and gives yellow Pd(NH,),Cl, : 


[Pd(NH,),]PdCl, —> Cl, + [Pd(NH,),JPdCl, —> 2Pd(NH,),Cl,. 


Diamminopalladic chloride: orange powder, prepared (1) by 
chlorinating the pink salt in the cold with hydrochloric acid and 
hydrogen peroxide, (2) by chlorinating the yellow diammine suspended 
in carbon tetrachloride [Found : Pd, 37-0. Calc. for Pd(NH,),C),: 
Pd, 37-75%]; it gradually became black on being left under water ; 
when heated with water, it gave chlorine and Pd(NH,),Cl,. 

[Pd(NH,),Cl,],: shimmering black rectangular needles; pre- 
pared by chlorinating the yellow diammine in the cold with hydro- 
chloric acid and hydrogen peroxide, or with chlorine in aqueous or 
chloroform suspension (Found: Pd, 43-3, 42-7, 42-8. Calc.: Pd, 
43-15%). It was stable in air, but when heated with water it gave 
chlorine and Pd(NH,),Cl,. 

Dipyridinopalladic chloride : reddish-orange powder, prepared by 
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chlorination of the yellow diammine in chloroform solution, or in 
suspension in water or carbon tetrachloride [Found: Pd, 26-6. 
Cale. for Pd(C;H;N),Cl, : Pd, 26-2%]; insoluble in cold chloroform. 
Bisethylenediaminopalladous chloropalladate : dark brown powder, 
prepared (a) by chlorinating the pink salt, obtained by either method, 
in water, and (6) by treating [Pd en,]Cl, with (NH,),PdCl, (Found : 
Pd, 39-4, 39-1, 39-2. C,H,,N,Cl,Pd, requires Pd, 39-05%). 
Ethylenediaminopalladic chloride: brown powder, prepared by 
the action of chlorine on Pd enCl, in chloroform or carbon tetra- 
chloride (Found: Pd, 34-9. C,H,N,Cl,Pd requires Pd, 34-55%). 
Decomposition of [Pd en,]Cl, with Hydrochloric Acid.—Although, 
with the calculated quantity of cold dilute acid, the tetrammine 
gives a quantitative yield of yellow Pd enCl,, yet the intermediate 
stage must be the production of a triammine. This can be obtained 
by using stronger acid, in which the triammine hydrochloride is 
sparingly soluble and therefore separates, although it is difficultly 
purified. It is a pale lemon-yellow crystalline substance, readily 
soluble in water (Found: Pd, 29-9, 29-55. C,H,,N,Cl,Pd,H,O 
requires Pd, 30-39%). Its aqueous solution slowly loses ethylene- 
diamine hydrochloride and changes into Pd enCl,; heating brings 
about the change at once. The substance forms a brown, crystal- 
line pallado-salt [Pd en(enH)ClI]PdCl, (Found: Pd, 41-25, 
C,H,,N,Pd,Cl, requires Pd, 41-7%). These substances are of 
novel type. Their examination is only in a preliminary stage. 


Summary. 


(1) It is shown by means of many reactions that the pink palladous 
compounds are not isomeric with the yellow. 

(2) The pink are dimeric substances, and are the analogues of 
Magnus’s salts; the yellow are monomeric, and are allied to the 
platinous «-diammines. 

(3) The 8-series of platinous diammines and tetrammines has no 
counterpart in the compounds of palladium. 

(4) There are no longer any chemical grounds for assuming 
cis- and trans-planar isomerism among palladium compounds. 


The authors are indebted to H.M. Department of Scientific and 
Industrial Research and the Chemical Society for grants. 


UNIVERSITY OF BIRMINGHAM, East LONDON COLLEGE. 
EDGBASTON. [Received, April 14th, 1932.] 
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259. Search for Trypanocidal Activity. Part II. 
Derivatives of B- Naphthylamine-4: 6: 8-Tri- 
sulphonic Acid. 


By Grzert T. Moraan and James G. MircHE.L. 


Since there appeared to be no published information regarding the 
trypanocidal activity of compounds in which the terminal «. 
naphthylamine-4 : 6: 8-trisulphonic acid residue of Bayer 205 
(R = CH,; R, = H) is replaced by the corresponding #-naphthyl- 
amine derivative the following compounds were prepared. 

The first substance, which may be termed the toluoylbenzoyl 
derivative (R = CH,; R, =H), is an isomeride of Bayer 205 
differing only in the point of attachment of the centre chain to the 
two terminal nuclei; it displayed some curative action against 
trypanosomiasis for 1 week in doses of 0-2 mg. per g. body weight 
(minimum lethal dose in mg. for mouse of 20 g., 8--10). The 
benzoyltoluoyl derivative (R= H; R,=CH,) (M.L.D. 7:5) 
exhibited a slight therapeutic action, and the toluoyltoluoyl (R = 
CH,; R, = CH,) carbamide (M.L.D. 10) had no effect. These 
tests for therapeutic activity were carried out under the auspices of 
the Medical Research Council. 
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The acid sodium salt of §-naphthylamine-4 : 8-disulphonic acid 
(24 g.) was converted into the 4: 6: 8-trisulphonic acid with 60% 
fuming sulphuric acid (50 c.c.) first at 98—100° for 10 hours and 
finally at 120° for 2 hours, Neutralisation of the solution by 
barium carbonate gave the barium sodium salt, from which barium 
was removed by sodium carbonate. On addition of hydrochloric 
acid to the solution the acid disodium salt (20 g.) separated as 
microscopic needles. Its solution exhibited a brilliant blue fluores- 
cence (Found in anhydrous salt: Na, 11-0; S, 22-5; N, 2-65. 
C,9H,0,NS,Na, requires Na, 10-8; 8, 22-5; N, 33%. 0-5419 G. 
required 13-77 c.c, of N/10-sodium carbonate. Calc., 13-5 c.c.). 

3-Nitro-4-methylbenzoyl-2-naphthylamine-4 : 6 : 8-trisulphonic Acid. 
—-Naphthylamine-4 : 6 : 8-trisulphonic acid (11 g.), suspended in 
water (30 c.c.), was treated with 2-nitro-p-toluoyl chloride (12 g.; 
2 mols.), 20% sodium hydroxide solution being added in portions to 
preserve a slight alkalinity. The reaction mixture was acidified, ex- 
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cess of nitrotoluic acid removed, and the solution, after neutralisation 
by sodium carbonate, concentrated in a vacuum (Found in anhydrous 
salt: Na, 11-5; N, 4-4; 8, 15-9. C,,H,,0,.N,S8,Na, requires Na, 
113; N, 46; 8S, 15-7%). The trisodium salt crystallised from 
water on addition of alcohol in microscopic needles; it gave no 
diazo-reaction and the solution (pg 7) exhibited no fluorescence. 

3-N itrobenzoyl-B-naphthylamine-4 : 6 : 8-trisulphonic Acid.—The 
foregoing method was also employed to obtain the corresponding 
nitrobenzoyl compound. The trisodiwm salt was readily soluble in 
water (7) and separated on addition of alcohol (Found in anhydrous 
salt: Na, 11-7; N, 4-6. C©,,H,O,.N,5,Na, requires Na, 11-5; N, 
47%). 

3’-Nitrobenzoyl-3-amino-4-methylbenzoyl-B - naphthylamine-4 : 6 : 8- 
trisulphonic Acid.—The nitrotoluoyl derivative (10 g.) was reduced 
in aqueous solution by iron filings and a trace of hydrochloric acid, 
the iron oxides removed, and the solution treated with 3-nitro- 
benzoyl chloride in alkaline solution. Excess of nitrobenzoic acid 
was removed by ether, and the neutralised solution evaporated in a 
vacuum until the trisodiwm salt separated. This salt was soluble 
in water to the extent of 9% (py 7) at room temperature (Found in 
anhydrous salt : Na, 9-4; N, 5-75. C,;H,,0,,N,8,Na, requires Na, 
94; N, 5-75%). 

3’-Nitro-4'-methylbenzoyl- 3 - amino - 4 - methylbenzoyl - 8 - naphthyl- 
amine-4 : 6 : 8-trisulphonic Acid.—The nitrotoluoy] derivative (17 g.) 
was reduced with iron as above, and the solution of the aminotoluoyl 
derivative treated directly with 2-nitro-p-toluoy] chloride and sodium 
hydroxide. On concentration in a vacuum the trisodium salt separ- 
ated in microscopic rods (py 6-5—7) (Found in anhydrous salt : Na, 
92; N, 5-5. C.gH,,0,,N,8,Na, requires Na, 9-3; N, 5-6%). 

3’-Nitro-4’-methylbenzoyl-3-aminobenzoyl-B-naphthylamine-4 : 6 : 8- 
trisulphonic Acid.—The 3-nitrotoluoyl derivative (6-8 g.) in aqueous 
solution was reduced by iron filings and a trace of hydrochloric acid. 
Treatment of the solution with 2-nitro-p-toluoyl chloride in presence 
of alkali gave the required derivative. The trisodium salt separated 
from water (p, 6-5) in microscopic needles (Found in anhydrous salt : 
Na, 9-7; N, 5-5. C,;H,,0,,;N,8,Na, requires Na 9-4; N, 5-75%). 

Ureido-3' -aminobenzoyl-3-amino-4-methylbenzoyl -8- naphthylamine- 
4:6: 8-trisulphonic Acid. —The nitrobenzoylaminotoluoyl derivative, 
after reduction by iron filings and a trace of hydrochloric acid, was 
subjected to a slow stream of carbonyl chloride, sodium carbonate 
being added at intervals to maintain alkalinity (50 c.c. 2N-solution). 
The acid mixture was neutralised, evaporated todryness in a vacuum, 
and the sodium salt of the carbamide extracted by methyl alcohol. 
The sodium salt when purified by repeated precipitation from water 
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by alcohol until free from chloride gave no diazo-reaction (Found : 
loss in a vacuum at 160°, 13-45. C,;,H,,0,,N,S8,Na,,12H,0 
requires H,O, 13-2%. Found in anhydrous salt: Na, 9-7; N, 
5-9. C;,H,,0.,N,S,Na, requires Na, 9-7; N, 58%). On addition 
of water the sodium salt gelatinised before passing into solution. 

Ureido-3' -amino-4' -methylbenzoyl-3-aminobenzoyl-8-naphthylamine- 
4: 6: 8-trisulphonic Acid.—The nitrotoluoylaminobenzoyl derivative 
(5-7 g.) was similarly converted into s-carbamide. The sodium salt 
was readily soluble in water and in methyl alcohol (Found : loss ina 
vacuum at 160°, 6-0. C,,H,,0,,N,S,Na,,5H,O requires H,O, 5-7%. 
Found in anhydrous salt: Na, 9-6; N, 5-9%). 

Ureido-3'-amino- 4’ - methylbenzoyl - 3 - amino - 4 - methylbenzoyl - 8- 
naphthylamine-4 : 6 : 8-trisulphonic Acid.—The nitrotoluoylamino- 
tuluoy] derivative (10 g.) was also converted into carbamide (Found : 
loss in a vacuum at 160°, 9-9. C,;,H,,0,,N,8,Na,,9H,O requires 
H,O, 100%. Found in anhydrous salt: Na, 9-25; N, 57. . 
CsgHs,0.,N,S,Na, requires Na, 9-5; N, 58%). The sodium salt 
gelatinised on addition of water but dissolved readily (py 7); it was 
soluble in methyl alcohol but only sparingly soluble in ethyl alcohol. 


We desire to record our thanks to the Imperial Chemical In. 
dustries Limited for a gift of §-naphthylamine-4 : 8-disulphonic acid, 


CHEmiIcaAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, May 26th, 1932.] 





260. The Crystalline Structure of Tetramminoplatinous 
Chloride. 


By Ernest Gorpon Cox. 


WERNER’s view that 4-co-ordinated compounds of bivalent platinum 
possess a planar configuration has several times been contested 
(e.g., Reihlen, Annalen, 1926, 447,211; Angell, Drew, and Wardlaw, 
J., 1930, 349); and recently, evidence has been offered of the 
existence of three isomerides of diamminoplatinous chloride (Drew, 
Pinkard, and Wardlaw, this vol., p. 988), indicating the inadequacy 
of this formulation. On the other hand, Pauling has shown 
theoretically (J. Amer. Chem. Soc., 1931, 53, 1367) that the bivalent 
transitional elements nickel, palladium, and platinum can form 
4-covalent compounds with a planar configuration: apart from 
previously available evidence of a purely chemical nature, his 
conclusions appear to be supported by an investigation of nickel 
derivatives of benzylmethylglyoxime (Sugden, this vol., p. 246) 
and by the results of the X-ray analysis of potassium chloropalladite 
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and chloroplatinite (Dickinson, J. Amer. Chem. Soc., 1922, 44, 774, 
2404) which indicated a planar structure for the [MCI,] anion. 
Since no evidence has been brought forward regarding the con- 
figuration of a kation of the type [MX,]|" (M = Ni, Pd, or Pt) in 
the crystalline state, an investigation of the structure of tetram- 
minoplatinous chloride, [Pt(NH,),|Cl,,H,O, has been undertaken. 
It has been found that in this case also the four ammonia groups 
are coplanar with the platinum atom. Taking this result in con- 
junction with that of Dickinson, it appears fairly certain that the 
bonds to any four identical groups co-ordinated to a platinum atom 
lie in a plane. The question now arises as to whether this planar 
configuration persists when these four groups are not all the same; it 
is hoped that information on this point will be obtained from a study 
of the diammines and mixed tetrammines of platinum and palladium. 
Tetramminoplatinous chloride crystallises from water as a mono- 
hydrate in white tetragonal prisms, which show a tendency to 
discolour after several recrystallisations. Goniometric measure- 
ments have been recorded by Sella (Mem. Accad. Sci. Torino, 1858, 
47, 337) and by Kurnakow and Andrejewski (Z. anorg. Chem., 
1930, 189, 137); their results, confirmed approximately in the 
present investigation, are as follows: The crystals are tetragonal, 
exhibiting the forms a{100} and o{111}; axial ratio a: ¢ = 1: 0-562 
(Sella), 1 : 0-566 (Kurnakow and Andrejewski); weak double re- 
fraction, negative; w = 1-672, « = 1-667; no appreciable cleavage. 
Other results obtained by Kurnakow and Andrejewski, however, 
are not confirmed. These writers consider that the brown color- 
ation of tetrammine crystals, occurring on recrystallisation and 
accompanied by loss of ammonia, is due to the formation of mixed 
erystals of Pt(NH,),Cl,,H,O with 4[Pt(NH,),Cl,|Pt(NH,),Cl,. (The 
latter substance is also tetragonal with a:c = 1:1-11 approx.) 
On general grounds this seems very unlikely; the two compounds 
are not isomorphous, and almost certainly have lattices of con- 
siderably different dimensions; they have very different habits, 
the crystals of the double compound always showing {001} very 
well developed. Further, the variations which are observed in the 
colour of the double compound, and considered by Kurnakow and 
Andrejewski to support their views, are definitely not due to ad- 
mixture of tetrammine hydrate. (Those authors made no measure- 
ments to show that the angles of the supposed mixed crystals lie 
between those of the two components or that they vary in a regular 
manner with chemical composition.) Several crystals of the double 
compound were examined and found to be divided into three kinds, 
according to the value of the axial ratio. They all exhibited weak 
negative double refraction, the refractive indices being approxim- 
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ately 1-66. The main results are summarised in Table I; it is 
possible that if more material had been available, more than three 
kinds of crystal would have been observed. Only one crystal of 
type (c) was found. In the first column, the double compound is 
denoted by 4T.D., and the tetrammine hydrate by T. 


TaB_eE I. 
Substance. Colour. Pt, %. c/a. d. 
4T.D. (a) Very pale yellow 61-0 0-952 2-90 
(b) Almost colourless 59-1 1-103 2-90 
(c) Bright yellow 58-6 1-18 2-90 
Colourless 55:1 4 x 1-13 2-57 


The crystals of the double compound examined by Kurnakow and 
Andrejewski were light yellow to brownish-yellow, c/a = 1-111; 
Pt, 59-2—60-0% [Cale. for Pt(NH,),Cl,,H,0; Pt, 55-4; for 
Pt(NH,),Cl,: Pt, 65-0; for T.D.: Pt, 59-6]. It can be seen from 
the above table that there is a considerable variation in the proper- 
ties of the double compound, and although there is a rough relation 
between the axial ratio and platinum content, this relation is not 
such as to be explicable on the supposition that mixed crystals of 
the tetrammine hydrate and the double compound are formed. All 
the crystals (a), (b), and (c) had the same habit, with {001} prominent, 
very different from the prismatic form of the tetrammine. It seems 
possible that more than one compound of the formula 
n[Pt(NH;,),Cl,],Pt(NH;),Cl, 

exists; the material available was insufficient to make a more 
detailed investigation on this point. From an examination of 
discoloured tetrammine crystals, it appears probable that the 
brown colour is due to the presence of diammine as a definite entity 
and not as a mixed crystal. The brown coloration is not diffused 
uniformly through the crystals, but very small yellowish-brown 
crystals seem to be present on the larger tetrammine crystals. It 
is concluded that there is no evidence for the existence of mixed 
crystals of the tetrammine with the double tetrammine—diammine 
compound. It is clear that further work on the latter substance 
is necessary. 

The X-ray examination of the tetrammine was carried out on 
fairly well-developed colourless crystals prepared by dissolving 
6-diamminoplatinous chloride in ammonia (Found by micro- 
analysis: Pt, 55-1. Cale.: Pt, 55-4%). By means of rotation 
photographs using copper K, radiation, the dimensions of the unit 
cell were found to be a = 7-39-40-02, ¢c = 4-21 -+ 0-02 A.U. The 
axial ratio is thus @:¢ = 1: 0-570, agreeing with the goniometric 
values within the probable error of the latter. There is one molecule 
of Pt(NH,),Cl,,H,O in the cell, so the a-axes assigned by previous 
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investigators are the axes of the true unit cell. The calculated 
density is 2-54 g./c.c., that determined directly being approx. 2-57. 

As would be expected with one molecule to the cell, there are no 
halvings, all the observed spacings agreeing with the calculated. 
A Laue photograph taken with the X-ray beam parallel to the c- 
axis showed full ditetragonal symmetry, so that the space-group, 
on this evidence, might be Diy, Ci, Di or Diy. The symmetry 
cannot be determined more definitely by X-ray methods alone. 
Since all the (111) faces appear equally developed on the crystals, 
it may be inferred that the crystal class is either D, or Dy; in 
either case this would lead to a planar configuration for the [Pt(NH,),] 
complex. To substantiate this conclusion, the crystals were tested 
for piezo-electricity by the method of Giebe and Schiebe (Z. Physik, 
1925, 33, 335, 760); no effect was detectable either with the c-axis 
parallel or perpendicular to the electric field, I have to thank 
Messrs. J. D. Bernal and W. A. Wooster for carrying out this test. 
The absence of a piezo-electric effect indicates that the crystals 
are centro-symmetrical so that the class must be Dy, since it is 
the only one of the four possibilities which is not polar. The space- 
group of Pt(NH,),Cl,,H,O is thus Dj, (P4/mmm). 

Since there is the substance of one molecule only in the unit 
cell, it appears that the crystals have an ionic lattice. If molecules 
of Pt(NH,),Cl, were present, i.¢., if the structure were such that 
with each platinum atom two chlorine atoms were more closely 
associated than any others, then, since the molecule would possess 
the full Dy, symmetry, it would necessarily have a bipyramidal 
configuration with the chlorine atoms at equal distances from the 
platinum atom along the c-axis. Apart from the improbability 
of such a structure on general grounds, the length of the c-axis 
(4-21 AW.) is far too small to accommodate one platinum and two 
chlorine atoms. Thus the structure is ionic, as would be expected 
from chemical evidence. The complex kation [Pt(NH,),| has 
the full Dy, symmetry, é.e., the platinum atom is situated at the 
centre of a square composed of four ammonia groups. Further, 
each ammonia group has two planes of symmetry, from which it 
is to be inferred that the group as a whole is rotating about the 
Pt-N bond. (An alternative is that the four nitrogen valencies 
are coplanar, an extremely improbable condition.) This result 
could probably be verified by investigations of the specific heat 
and Raman spectrum of the crystals. It may be noted that in the 
case of hexammino-chlorides of bivalent cobalt (Stoll, Diss., Zurich, 
1926) and nickel (Wyckoff, J. Amer. Chem. Soc., 1922, 44, 1239) 
the symmetry of the ammonia groups is too high to be accounted 
for except by rotation about the covalent bond. 






















































1916 COX: THE CRYSTALLINE 


The preceding results are deduced from symmetry considerations ; 
further detailed information can only be obtained by making use 
of the intensities of the X-ray reflexions from the various lattice 
planes. In the subjoined table some of the principal intensities, 
estimated visually, are given. The abbreviations are vs, very 
strong; 8, strong; ms, moderately strong; m, moderate; w, weak; 
and vw, very weak. 


hkl. a hkl. E, hkl. I. hkl. ie 

100 m 400 v8 201 vw 002 v8 
200 8 110 m 402 vs 003 w 
300 m 220 v8 001 ms 


Now, since the intensities of the orders of (001) do not fall off 
regularly, it may be inferred that the chlorine ions do not lie in 
the same plane as the [Pt(NH,),]"* ions. A platinum atom being 
placed at the corner of the unit cell, the only positions available 
for the chlorine ions, in accordance with the symmetry require- 
ments, are therefore the centres of the {100} faces. Next, the 
ammonia groups may lie either in the {100} or the {110} planes, 
but since nearly all the available space in the {100} planes is occupied 
by chlorine ions, the ammonias must lie in the {110} planes. The 
distance Pt-NH, can only be determined by resorting again to 
considerations of X-ray reflexion intensities ; the value which gives 
the most symmetrical distribution and the best agreement with 
the intensities is approximately one-fourth of the length of the 
[110] axis. 

There is, finally, the position of the water molecule to consider. 
The symmetry requires that the oxygen atom should lie either (a) 
mid-way between neighbouring platinum atoms along the c-axis, 
(6) at the cell-centre, or (c) at the centre of the (001) face. The 
possibility (a) may be ruled out because the space available is 
insufficient to accommodate a water molecule. In addition, it is 
known that the water content of the tetrammine varies somewhat, 
and that the crystals can be dehydrated merely by the action of 
phosphoric oxide at room temperature; these facts indicate that 
the water is present in comparatively loose combination, whereas 
in case (a) it would be very closely locked into the crystal and could 
not be removed without complete disruption of the structure. Thus 
the suggestion which has sometimes been made, that water of 
crystallisation in platinous compounds gives rise to a six-point 
system around the platinum atom is, in this instance at any rate, 
not verified by experiment. It is difficult to discriminate between 
the possibilities (b) and (c), but the latter would make the (001) 
planes rather crowded, while the centre of the cell would be com- 
paratively empty. The most satisfactory arrangement is obtained 
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with the oxygen atom at the cell centre. If the water molecule 
is fixed, it must be linear and parallel to the c-axis, but if, as seems 
likely, it is free to rotate, the hydrogen atoms may be situated 
anywhere in the space available. 

The positions of all the atoms and ions (except the hydrogens) 
have thus been fixed; the structure obtained is depicted in Figs. 
1 and 2, which show views along the c- and the a-axis respectively. 
The NH, group is represented as a sphere of radius 1-4 A.U.; the 
radii of the other atoms are approximately those given by Gold- 
schmidt (e.g., Trans. Faraday Soc., 1929, 25, 282). The results 
may be summarised by giving the parameters as follows: a = 7:39, 
c= 4-21 A.U.; atomic co-ordinates—Pt, (0, 0, 0); Cl, (4,0, 4), and 
(0, , 4); NH;, (u, U, 0), (—w, u, 0), (u, — u, 0), and (= U, — U, 0), 





Fie. 1. Fig. 2. 
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where wu = } app.; O, (4, 4, 4). This structure leads to reflexion 
intensities which are in good agreement with all those given above ; 
in particular, as can be seen from Fig. 2, the (201) planes, containing 
platinum atoms only, are interleaved by planes containing 4(NHs), 
Cl,, and O, for which the sum of the atomic numbers is 82, almost 
the same as that for platinum (78).° Thus the (201) reflexion should 
be very weak and the (402) very strong. This is very marked in 
the photographs, in which the (201) reflexion is barely visible, while 
its second order is very much stronger than any other plane of so 
large a spacing. In addition to the complete agreement in the 
matter of intensities, the proposed structure provides an explanation 
of other properties of the crystals; it can be seen that the water 
molecules are comparatively loosely held, and are situated in such 
@ position that they can escape without disrupting the crystal. 
Further, since the units of the structure are arranged in planes 
parallel to (001), negative double refraction would be expected, 
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but on account of the symmetrical three-dimensional distribution 
of the chlorine ions, the double refraction should be weak, as actually 
found. 

The main features of the structure may now be summarised. 
Each platinum atom is surrounded by four ammonia groups in a 
square, and at a greater distance by 8 equidistant chlorine tons. Each 
ammonia group is at the centre of 4 coplanar chlorine ions, while each 
chlorine ion is surrounded by 8 ammonias. The arrangement of 
the chlorine ions approaches a cubic packing; it is anticipated 
that this effect would be more pronounced for the corresponding 
bromide and iodide, whose axial ratios, c/a, should thus approximate 
more closely to the value 0-707. 

It is of interest to compare the results of this investigation with 
those of previous work (locc. cit.). The present structure is of the 
type H 15 (Ewald and Hermann, “ Strukturbericht ’”’) and is the 
same in essentials as that determined for K,PtCl, (Dickinson, loc. 
cit.), the similarity extending to the actual values of the cell dimen- 
sions, which are, for the chloroplatinite, a = 6-99, c = 4-13, and 
for the tetrammine, a = 7-38, c = 4-21 A.U. In Table II the 
various interatomic distances are summarised and compared with 
previous values. 





Taste IT. 
Value, A.U. 
r ~ Reference to previous 
Distance. Present paper. Previous work. work. 

Pt-Pt 4-21 4-13 K,PtCl,; Wyckoff. 
Pt-NH, 2-62 
Co-NH, 2°5 Co(NH,),Cl,; Stoll. 
Ni-NH, 2-4 Ni(NH,),Cl,; Wyckoff. 
CI-NH, 3°36 3-57 or os 

>» 3-49 Co(NH;),Cl,; Stoll. 
Pt-Cl 4-25 
Co-Cl 4-27 ‘3 96 
Ni-Cl 4-37 Ni(NH,),Cl,; Wyckoff. 


Considering the diversity of the substances from which these results 
are drawn, the agreement exhibited in the above table is remarkable. 
The increase in the distance CI-NH, on passing from the tetram- 
mine to, e.g., the hexammines is roughly the amount to be expected 
as the chlorine ion increases its co-ordination number from 8 to 12 
(this term being used in Goldschmidt’s sense, i:e., the number of 
atoms or ions of kind A surrounding an atom or ion of kind B in 
the crystal lattice). The difference between the Pt-NH, and the 
Co (or Ni)-NH, distances is also approximately the amount to be 
expected from the respective radii of the metal atoms. The agree- 
ment shown in these instances affords further justification for 
assigning the value 0-25 to the parameter w. 

The value 1-81 A.U. is generally accepted as the radius of the 
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chlorine ion with co-ordination number 6; if an increase of 3% 
is assumed in this value for co-ordination number 8, the “‘ radius ”’ 
of the NH, group is found to be 1-49 A.U. The radius of the 
platinum atom (co-ordination number 4) being taken as 1-22 A.U., 
the ammonia radius is calculated as 1-41 A.U. These values agree 
with that usually ascribed to the NH, group in ionised Jattices. 
The value deduced from the Pt-NH, distance would be expected 
to be smaller than the other, if, as suggested above, the ammonia 
group, consisting of a rather flat pyramid, is rotating about the 
covalent bond. 

An interesting confirmation of the planar configuration of the 
platinous valencies is afforded by the results of the examination 
of cooperite (PtS) shortly to be published by Mr. F. A. Bannister, 
to whom I am indebted for advance information. It appears that 
each platinum atom is surrounded by four equidistant coplanar 
sulphur atoms, which, however, form a rectangle, and not, as might 
be expected, a square. The sulphur valencies have the usual 
approximately tetrahedral configuration. 

Since it now seems to be established that in bivalent complexes 
of the type [PtX,], whether positive or negative, the four bonds 
to the platinum atom are coplanar and directed to the corners of 
a square, it will be of considerable interest to investigate the con- 
figuration of complexes of the type [PtX,Y,]. In this case, the 
four valencies will no longer possess tetragonal symmetry, but 
according to the theory developed by Pauling, they would still 
be planar. A preliminary examination of «-[Pt(NH3)j(C;H,;N).|Cl, 
has been made; the crystals of the monohydrate are monoclinic 
(probably sphenoidal), with axial ratios a:b :c = 1-788: 1:1-172; 
8= 113° 31’. There is more than one molecule in the unit cell. 
It is clear that the symmetry of the complex in this case is much 
lower than that of the tetrammine, but it is influenced here partly 
by the orientation of the pyridine rings as well as by the distribution 
of the platinum valencies. For this reason, although it is expected 
that the further examination of this substance and its -isomeride 
will yield useful information on the points raised above, it is hoped 
to obtain more definite evidence from an examination of the com- 
pounds [Pt(NH,),.(NH,OH),|Cl,. 


Summary. 


(1) The crystalline structure of tetramminoplatinous chloride 
monohydrate has been investigated by means of X-rays, and 
determined with a considerable degree of certainty. 

(2) The four platinum covalencies in the complex [Pt(NH3),4] 
are found to be coplanar and directed to the corners of a square. 
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(3) The principal interatomic distances in the crystal have been 
determined and found to agree with previous measurements. 

(4) The conclusion of Kurnakow and Andrejewski that the 
tetrammine [Pt(NH,),|Cl,,H,O forms mixed crystals with the 
double compound 4{Pt(NH,),Cl,},Pt(NH,),Cl, is not confirmed. 

(5) The possible configuration of complexes of the type [PtX,Y,] 
is discussed, and preliminary crystallographic data are given for 


a-{Pt(NH,).(C;H;N)2|Clp. 


The author thanks Dr. W. Wardlaw for his interest in this work, 
Messrs. J. D. Bernal and W. A. Wooster for piezo-electric tests, 
and Mr. G. H. Preston for preparing the crystals for carrying out 
a number of microanalyses. 


UNIVERSITY OF BIRMINGHAM. [ Received, May 3rd, 1932.] 





261 The Nature of the Catalytic Action of Hydro- 
chloric Acid in the Intramolecular Change of 
N-Chloroacetanilide. 

By H. M. Dawson and H. MIxer. 


Ir is well known that hydrochloric acid has a very pronounced and 
specific catalytic influence on the conversion of N-chloroacetanilide 
into the corresponding nuclear-substituted isomerides. Concordant 
results obtained by various observers show that the reaction is 
unimolecular with respect to the chloroamine, and that the reaction 
velocity for pure hydrochloric acid solutions is approximately 
proportional to the square of the concentration (c) of the acid. If 
k is the specific reaction velocity derived from the unimolecular 
formula k = 1/t . log a/(a — x), these observations show, however, 
quite definitely that k/c? has a minimum value when the concen- 
tration of the acid is about 0-5. 

Since at moderate concentrations the acid is almost completely 
ionised, it follows that the concentration of the hydrogen and 
chlorine ions is practically identical with the total concentration of 
the acid, and the approximate constancy of k/c? has suggested that 
the catalytic activity of the hydrochloric acid is to be attributed to 
the joint action of the ions or possibly to the action of un-ionised 
hydrogen chloride, the concentration of which would be proportional 
to the square of the total acid concentration if the classical mass 
action equation [HCl] = [H*}[Cl’]/K = const. x c? were applicable. 

In accordance with the views of Orton and Jones (Brit. Ass. Rep., 
1910, 85), the reaction appears to take place in stages represented by 
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Ac*NCIPh+ H°+Cl’ = Ac-NHPh+Cl, —> Ac-NH-C,H,Cl+ H’+Cl’ 
the first stage being relatively slow and for that reason determining 
the observed rate of transformation. Since the temperature 
coefficient of the reaction is much greater than would be expected 
for a termolecular change, Soper (J. Physical Chem., 1927, 31, 
1192) favours the view that the first stage is bimolecular with 
un-ionised hydrogen chloride as the catalytic reactant. 

To account for the inconstancy of k/c?, Harned and Seltz (J. Amer. 
Chem. Soc., 1922, 44, 1475) have suggested that the catalytic effect 
of the acid is determined by the activities of the ions and not 
by their concentrations, and their experimental data show that 
k/ayeagy remains very constant for hydrochloric acid solutions 
over the range c = 0-1—1-0 mols. per litre. Soper and Pryde 
(J., 1927, 2761) consider that the concentration of the chloroamine 
should also be replaced by its activity, and in support of this view 
have put forward reaction-velocity data (corrected for two oppositely 
directed sources of disturbance) which show equally good constancy 
of k/ag-doyfx, where fx is the activity coefficient of the chloroamine. 
The two sets of experimental data are not very divergent, and the 
fact that the two different assumptions agree so closely with experi- 
ment is largely due to the circumstance that the values of fy for 
0-1 to 1-0N-hydrochloric solutions show comparatively little change. 

In reference to the above activity-rate hypotheses, it may be 
remarked that the equation of Soper and Pryde, in which all the 
concentration terms are replaced by activities, would seem to be 
the more acceptable form. 

More recent experiments in this laboratory (compare Belton, J., 
1930, 116) have been concerned with the catalytic effect of hydro- 
chloric acid in the presence of variable quantities of sodium chloride. 
The data for the series 0-05HCI+ xNaCl have shown that the Harned- 
Seltz expression k/ayq-aq, decreases continuously from 0-063 for 
«=01 to 0-018 for «= 4-0, whilst the Soper—Pryde constant 
k/@y-aqf falls continuously from 0-060 to 0-0037 for the same 
changes in the concentration of the sodium chloride. These figures 
indicate quite definitely that the observed velocities of reaction for 
this series of solutions are incompatible with the activity-rate 
hypothesis in either of these forms. The much greater fall in the 
value of k/ay:dqfy shows that the more completely the concen- 
trations of the reactants are replaced by their activities, the greater 
is the difference between the actual and calculated results. It is 
to be noted that k/[H")[Cl’] falls from 0-040 for 2 = 0-1 to 0-032 for 
« = 1-0 and then increases to 0-048 for z= 4-0. From this it is clear 
that the measured velocities for the series 0-05HCl + 2xNaCl cannot 
be adequately explained by the assumption that the specific reaction 
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velocity is exactly proportional to the product of the concentrations 
of H’ and Cl’. On the other hand, it would seem possible to account 
for the facts if the catalytic effect is attributed to the hydrogen 
chloride molecule. 

The connexion between the concentrations of the un-ionised acid 
and its ions is given by K = [H'}[Cl’]/[HCl] in which the mass- 
action coefficient K varies with the ionic content of the solvent. 
Arrhenius was the first to show that the ionisation of a weak acid is 
increased by the addition of chemically inert salts, and the further 
investigation of this effect (Dawson and Lowson, J., 1929, 1217; 
Dawson, Hoskins, and Smith, ibid., p. 1884; Dawson and Smith, 
ibid., p. 2530) has given results which indicate that the dependence 
of the ionisation coefficient of a weak acid on the salt concentration 
may be expressed by the equation 


K = K, 10*¥#—- 
or log K/Kg=aVu—b . .. . (I) 


in which K is the ionisation coefficient in a solution of a uni-univalent 
electrolyte of equivalent concentration p, and Ky is the value of K 
in the absence of electrolyte. From this equation it follows that X 
has a maximum value when p = a*/4b*, and further that K has the 


same value for pairs of solutions of the same electrolyte when the 
equivalent concentrations are connected by the relation 


which is of considerable importance in connexion with the deter- 
mination of the constants a and b from the experimental data. 

Although equation (1) is based on experimental observations, it 
should be noted that it is of precisely the same type as that which 
follows from the relation K, = Kfu:fs-/faa expressing the connexion 
between the thermodynamic ionisation constant K, and the corre- 
sponding mass-action coefficient K when the activity coefficients 
are evaluated in terms of the Debye—Hiickel formula log f= 
— a2z%/u +- Bu. The value of the coofficient @ in equation (1) is, 
however, very much smaller than the constant which would appear 
in the similar equation derived by this procedure. 

Actual experiments have shown that equation (1) holds for weak 
acids differing widely in their K values, and there is no reason to 
suppose that it will not apply equally well to the strongest acids if 
appropriate consideration is given to the contribution which these 
acids make to the ionic strength of the solution. If such strong 
acids are ionised to an extent of the order of 99%, it is obvious that 
the variation of the degree of ionisation with the electrolyte content 
of the solution could not be investigated in precisely the same way 
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as the corresponding variation for the weak acids, i.e., by measure- 
ments of the reaction velocity of a hydrogen-ion-catalysed reaction, 
for the changes in hydrogen-ion concentration would of necessity be 
relatively very small. By the use of a reaction which is catalysed 
by the undissociated acid, but not by the corresponding ions, it 
would, however, be possible to study the influence of the ionic 
environment on the degree of ionisation of the strong acids in the 
same way as this is possible for weak acids by the use of suitably 
selected hydrogen-ion-catalysed reactions. 

On the assumption that the catalytic effect of hydrochloric acid 
solutions on the chloroamine transformation is due to the undis- 
sociated hydrogen chloride, and that the influence of the ionic 
environment on the K value is given by equation (1), we may write 


k = k' {HCY = kTH’YCVy/K 
k k 
T ATC] KK ie cad ap 


The assumption that k’ is constant may not be entirely justified, 
but from such evidence as is available, it would seem that the 
catalytic coefficients of neutral molecules are but slightly affected 
by very considerable changes in the salt content of the reaction 


medium (compare Dawson and Key, J., 1928, 1248). 

According to equation (3), [H*][Cl’]/& is proportional to K/Ko, and 
in a preliminary examination of the experimental data in Tables 
I—III for hydrochloric acid solutions of gradually increasing ionic 
strength, it was found that the plot of log [H"][Cl’]/k against » gives 
in all cases curves which conform very closely to the requirements of 
the relation expressed by equation (2). This concordance provided 
strong evidence for the general validity of equation (3). 

In the expectation that the maintenance of a constant value of 
the product [H"}[Cl’] would simplify the investigation of the effect 
of ionic environment, experiments were made with solutions con- 
taining a fixed amount of hydrochloric acid and variable amounts of 
a salt (sodium nitrate) which does not alter the value of the above 
ionic product. As will be seen, the anticipation was not entirely 
justified by the results, in that a distinction must be made between 
the environmental effects which are due to the two electrolytes 
concerned. 

In the first attempts to interpret the data for the series cHCl +- 
NaNO, (c constant, x variable), it was assumed that the same 
values of a and of 6 could be used to express the environmental effects 
of the two electrolytes. With this assumption it was found that, 
when the observed values of [H"}[Cl’]/& and the calculated values of 
K/K,, were in close agreement at the higher values of », there were 
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systematic deviations at lower » values, and a subsequent examin- 
ation of the data for pure hydrochloric acid solutions of varying 
concentration made it quite clear that there is a considerable 
difference between the environmental effects measured by 6 for the 
two electrolytes in question. When this difference is taken into 
account, equation (1) assumes the modified form 


log K/Kg=aVa+e—be—be. . . . (4) 


in which 6 refers to Na + NO,’ and 6’ to H’ + Cl’. The modi- 
fication does not, however, affect the relation expressed by equation 


(2) when c is constant. 
The solutions of this type actually used were 0-2HCl + xNaNoO,, 


for which the reaction proceeds at a convenient rate at 25°. The 
results (Table I) show that &/[H*][Cl’] passes through a minimum 
when the concentration of the sodium nitrate is about 1-0M. 


TABLE I. 


Reaction velocity in the series 0-2HC1 +- xNaNO, (u = x + 0-2), 


x. k. 10, k/(H’°YCl’}. log K/K,g. K/Kg. kK /K,[H'V(Cl'). 
0 1-71 0-0427 0-166 1-46 0-0626 
0-1 1-58 0-0395 0-201 1-59 0-0628 
0-2 1-46 0-0365 0-226 1-685 0-0614 
0-5 1°37 0-0342 0-274 1-88 0-0643 
0-75 1-245 0-0311 0-297 . 0-0616 
0-0618 
0-0639 
0-0641 
0-0628 
0-0627 
0-0610 
Mean 0-0626 


ooo 


1-0 1-21 0-0303 0-310 
‘ 1-235 0-0309 0-316 
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1-46 0-0365 0-223 
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Table II gives the results for the series 0-2HCl + xNaCl, which 
resembles closely the sodium nitrate series, but differs from the latter 
in that the product [H*}[Cl’] increases proportionately with the 
ionic strength. The value of uv for which k/[H*)[Cl’] is a minimum 
is appreciably less than in the nitrate series. 

Results for a series of pure hydrochloric acid solutions are shown 
in Table III. The measurements of Rivett (Z. physikal. Chem., 
1913, 82, 201) and of Harned and Seltz (loc. cit.) for such solutions 
are in close agreement, and the reaction velocities in this table are 
those determined by the latter at 25° for the range 0-1005—1-022N- 
HCl (weight molar, 0-1—1-0). The ionic environment in this series 
is provided exclusively by hydrogen and chlorine ions, and the ioni¢ 
strength corresponding with the minimum value of k/[H*)[Cl'] is 
less than in either of the previous series. 

The procedure followed in the preliminary evaluation of the 
coefficients a, b, and b’ may be briefly described. In the case of 4, 
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TaBxeE II. 
Reaction velocity in the series 0-2HC1 + xNaCl (u = x + 0-2). 


k. 108. k/[TH°J[Cl’]. log K/Kg. K/K,. kK/K,[H°JCl’}. 
1-71 0-0427 0-166 1-46 0-0626 
2-34 0-0390 0-196 1-57 0-0612 
2-96 0-0370 0-217 1-65 0-0610 
4-91 0-0351 0-252 1-785 0-0626 
8°48 0-0353 0-265 1-84 0-0649 

17-00 0-0388 0-217 1-65 0-0639 

31-00 0-0484 0-122 1-325 0-0641 

39-5 0-0534 0-0655 1-16 0-0620 

Mean 0-0628 


& 


weterSooo 
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previous observations relating to the influence of sodium chloride 
(and sodium nitrate) on the ionisation of weak acids (Dawson and 
Lowson, loc. cit.) have shown that the environmental coefficient 
represented by @ is not far removed from a = 0-55. By plotting 
log [H'"}[Cl’']/& against p, curves are obtained which conform very 
closely to the characteristic relation expressed by equation (2) and 
thus give the value of a/b from which b (6’ in the case of HCl) follows 
at once. The values finally adopted are a = 0-56, 6 = 0-42 for 
(H" + Cl’), 0-265 for (Na* + Cl’), and 0-22 for (Na° + NO’,). These 
have been used in the calculation of K/K, from equation (1) for the 
pure hydrochloric acid solutions, and from equation (4) for the mixed 
electrolyte solutions in Tables I and II. The significance of the 
first five columns of figures requires no further explanation. The 
last column gives the values of the product of k/[H*}[Cl’] and K/K, 
which, according to equation (3), should be constant. 


TaBe III. 
Reaction velocity in pure hydrochloric acid solutions (u = c). 


p (c). k. 10%. k/[H°J[Cl’]. log K/K,y. K/Kg. kK/K,{ HCl’. 
0-467 0-0462 0-135 1-365 0-0631 
1-718 0-0424 0-173 1-49 0-0631 
3°755 0-0410 0-181 1-52 0-0622 
0-4042 6°66 0-0408 0-186 1-535 0-0627 
0-506 10-4 0-0406 0-186 1-535 0-0613 
0-608 15-05 0-0407 0-182 1-52 0-0618 
0-711 21-04 0-0416 0-173 1-49 0-0620 
0-814 28-0 0-0423 0-163 1-455 0-0616 
0-918 36-6 0-0435 0-151 1-415 0-0616 
1-022 46-5 0-0445 0-137 1-37 0-0610 
Mean 0-0620 


In the matter of the relation between the hydrogen- and chlorine- 
ion concentrations and of the magnitude of the product [H"}[Cl’], the 
three series of solutions in the above tables show very considerable 
differences, but they have a common characteristic in that the total 
concentration of electrolyte varies continuously. In the first series 
this variation is provided by the addition of a foreign electrolyte, 
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i.e., With no common ion, and in the second by the addition of a 
chloride, whilst in the third the increase in the total electrolyte 
concentration is the result of an increase in the concentration of the 
acid itself, In all cases the value of k/[H*][Cl’] passes through a 
minimum and the same result has also been obtained when the 
chlorine-ion concentration is kept constant by the use of a fixed con- 
centration of hydrochloric acid and the hydrogen-ion concentration 
is increased by the addition of successive quantities of perchloric 
acid (compare Belton, loc. cit.). 

The results justify the conclusion that the variation of k/[H*)[Cl') 
is due to the influence of the ionic environment on the degree of 
ionisation of hydrochloric acid, and support the view that the trans. 
formation of N-chloroacetanilide in such solutions is directly due to 
the catalytic action of undissociated hydrogen chloride, the con- 
centration of which for a given value of the product [H*}[Cl’] depends 
on the ionic environment. In accordance with this, the velocity of 
the change may be expressed by v = k [N-chloroamine]{HCl]. 

It is significant that the influence of ionic environment on the 
ionisation of weak and strong acids can be represented by the same 
formula which adapts itself quite simply to the case when the solvent 
contains a mixture of electrolytes. The formula combines an 
expression for the interionic force effects and for those which are 
involved in the salting-out action of electrolytes. 

In view of the fact that the chloroamine transformation is fre- 
quently cited as an example of a reaction whose velocity is deter- 
mined by the thermodynamic activities of the reactants, it may he 
well to emphasise the point that the observed reaction velocities in 
salt solutions containing hydrochloric acid are totally inconsistent 
with the activity-rate hypothesis. The apparent agreement 
between this hypothesis and the observed results for pure hydro- 
chlorie acid solutions would seem to be fortuitous in the light of the 
observations recorded in this paper. 


THe University, LEEDs. [Received, May 11th, 1932.] 





262. Degradation of Quaternary Ammonium Salis. 
Part VI. Effect of Substitution on Velocity of 
Intramolecular Rearrangement. 


By Joun Larne Dunn and Tuomas STEVENS STEVENS. 


Tue effect of substitution in the phenacy! radical on the velocity 
of migration of the benzyl group in the rearrangement (1) —> (H) 
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has now been examined (compare Thomson and Stevens, this vol., 
p. 55). 
Ph-CO-CH,"NMe,Br “all Ph-CO-CH-NMe 
——> : 
et 6H,Ph H,Ph 


The reactions were carried out in dry methyl-alcoholic solutions 
005N with respect to the salts and 0-1N with respect to sodium 
methoxide, at 37-7°, as previously described (Joc. cit.). In general, 
the quaternary bromides were used, but in the cases of the o- and 
m-bromo-compounds, the iodides, and in that of the p-nitro-, the 
chloride was employed, the previous investigation having shown 
this procedure to be admissible. The velocity coefficients are 
recorded in Table I; the number in parentheses may have no 
other significance than that of the maximum value (compare 
experimental part). The precision of the method has already been 
discussed (loc. cit.); in the present study the inequality p-Me>(H) 
is considered established, but not the smaller differences. On 
account of the comparatively small effect of substitution on the 
reaction velocity, and of certain practical complications referred 
to in the experimental part, the scope of the investigation was not 
extended. 

The results may be summarised, independently of any theory of 
the reaction mechanism, by the statement that the presence of 
so-called “‘ negative’ substituents in the benzene nucleus of the 
phenacyl group retards the reaction, whereas their presence in 
the benzyl radical causes marked acceleration. (Thomson and 
Stevens, loc. cit.). It was suggested (Stevens, J., 1930, 2108; 
Thomson and Stevens, loc. cit.) that the alkaline medium first 
converts the salts nearly completely into neutral ions of the type 


Ph-CO-GH-NMe,-CH,Ph, and that the velocity of the rearrange- 
ment is then determined by that of the detachment of the migrating 
radical from the nitrogen atom. If now the instability of the 
anionic carbon atom in the neutral ion is regarded as supplying the 
driving force of the reaction, the velocity of rearrangement would 
increase with diminishing acidity of the phenacyl methylene group 
in the original salt, and substitution in the phenacyl radical would 
be expected to influence the velocity of rearrangement mainly by 
its effect on this acidity. Preliminary experiments carried out by 
Mr. T. Thomson, to determine the acid dissociation constants of 
such salts, did not give encouraging results, and as the similarly 
substituted benzoic acids are the most legitimate analogues for 
which data are available, their dissociation constants K, are recorded 
along with the velocity coefficients in Table I. The two sets of 
values show a fair degree of parallelism in the inverse sense, except 


(II.) 
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TABLE I. 

Substituent. &.10%. K,. 105. Substituent. k. 10‘. K, . 10, 
p-OMe 31-9 3°2 m-Br 34-2 13-7 
p-Me 46-1 4-3 m-NO, } 22-5 34:8 - 
(H) *41-9 6-6 o-Br t8 145 
p-Cl 33-9 9-3 o-NO, (<8) 630 
p-Br *33-6 tT 
p-I 32-8 i 


* Thomson and Stevens, loc. cit. 

+ The dissociation constants of these acids have not been measured in 
aqueous solution, but in 50% methyl alcohol they are practically the same as 
that of p-chlorobenzoic acid (Kuhn and Wassermann, Helv. Chim. Acta, 1928, 


11, 31). 
¢ Derived by slightly modified methods (compare experimental part). 


in the case of the p-methoxy-compounds, but the experimental 
data are not sufficiently extensive to justify great stress being laid 
on the fact. 


EXPERIMENTAL. 


Technique of Measurements.—The measurements were carried out 
as described by Thomson and Stevens (loc. cit.). 

p-lodo-w-dimethylamino-w-benzylacetophenone gave a _hydro- 
chloride rather sparingly soluble in water, making it necessary to 
precipitate the free base with ammonia from the hot aqueous 
solution. 

As the o-bromo-analogue was an oil, the normal procedure could 
not be adopted. Attempts to isolate it quantitatively as picrate 
proving unsuccessful, the bromine content of the total basic material 
formed after 8 hours was estimated, and some 90%, of the original 
material thus accounted for, a figure which agrees well with the 
usual side-reaction losses. Runs of 2, 4, and 6 hours in which only 
the quaternary salt was recovered as picrate were made and from 
these and the above a figure for k was deduced which is probably 
comparable in accuracy with the other values in Table I. 

The o- and p-nitro-salts were destroyed by alkali, but under no 
conditions could any tertiary base be recovered. On treatment in 
aqueous solution both substances gave tarry material, but in sodium 
methoxide solution the o-nitro-salt gave water-soluble products 
only. The half-life period of the o-nitro-compound was about 900 
and that of the p-nitro- about 150 minutes; the maximum value 
for the o-compound given in Table I is based on these figures. 

The m-nitro-salt on degradation gave a series of values of & . 10* 
which showed a progressive diminution from 21 to 15. This can be 
accounted for by the destruction of the normal degradation product 
by the alkali, for when 0-3 g. of that base was subjected for 4 hours 
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to conditions similar to those used in the degradation, less than 
Q-1 g. could be recovered. 


ssocossepeonacer qos bpeoopevcccoscsense 90 180 270 360 450 


isieisbal quaternary salt ...... 70-5 52-8 40-3 31-4 24-3 
Tertiary base .........+sesseseseeeese 17°5 24°8 30-0 33-4 38-5 
Ri SES Sean 21-0 19-7 17-8 16-4 15-4 


The figure given in Table I is the value arrived at by extrapolating 
these values to zero time. 

Table II shows the values of k.10* for the remaining salts, 
together with the mean deviations from the average. Column 6 
contains the percentages of by-product formed when 60% of the 
initial material has disappeared, very little being formed subse- 
quently. In general, five determinations were made. 


TaB_eE II. . 

Substituent. 6 %. k. 104. Substituent. 6 %. k. 104. 
o-Br 12 8 p-l 10 32-8 + 0-6 
m-Br 7 34-2 +13 p-Me 8 46-1 + 0-8 
p-Cl ll 33-9 + 1-5 p-OMe ll 31-9 + 1-2 


Preparation and Characterisation of Materials—The p-methy]l-, 
-methoxy-, -chloro-, and -iodo-acetophenones prepared by the 
Friedel-Crafts reaction were converted into the w-bromo-derivatives 
by bromination in glacial acetic acid (Judefind and Reid, J. Amer. 
Chem. Soc., 1920, 42, 1044). The substituted phenacyl bromides 
so obtained had the properties attributed to them in the literature. 
The quaternary salts were formed in cold benzene or ether from the 
bromo-ketones and benzyldimethylamine. 

p-Methylphenacylbenzyldimethylammonium bromide (ether; yield, 
almost quantitative) crystallised from alcohol-ether in small pris- 
matic needles, m. p. 185—186° (Found: Br, 23-1, C,,H,,ONBr 
requires Br, 23-0%); picrate, yellow needles, m. p. 149—150°, from 
methyl alcohol (Found: C,H,0,N,’, 45-9. C,,H,,ON-C,H,O,N, 
requires CgH,O,N,’, 46-0%). «-Dimethylamino-w-benzyl-p-methyl- 
acetophenone, obtained by the degradation of the quaternary 
ammonium salt, gave minute prismatic needles, m. p. 62°, from 
methyl alcohol; it rapidly decomposed even in a sealed tube 
(Found : N, 5-4. C,,H,,ON requires N, 5-2%). 

p-Methoxyphenacylbenzyldimethylammonium bromide (benzene; 
good yield) crystallised from alcohol-ether in colourless prismatic 
needles, m. p. 202—203° (Found : Br, 21-7. C1 sHy20,N Br requires 
Br, 22-0%), and its picrate from methyl alcohol in yellow needles, 
m. p. 144—-145° (Found: C,H,O;N,’, 44-7. C,,H,.0,N-C,H,0,N, 
requires C,H,0,N,’, 446%). «-Dimethylamino-p-methoxy-w-benzyl- 
eiteaienene crystallised from methyl alcohol in clusters of colour- 
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less needles, m. p. 57—58° (Found: N, 4-7. C,,H,,0,N requires 
N, 49%). 

p-Lodophenacylbenzyldimethylammonium bromide (benzene) crystal- 
lised from absolute alcohol in small plates, m. p. 179—180° (Found : 
Br, 16-9. C,,H,,ONBrI,H,O requires Br, 16-7%). Decomposition 
set in at 105—110°. The picrate crystallised from methyl alcohol 
in yellow prismatic needles, m. p. 151—152° (Found: C,H,0,N,’, 
37-4. C,,H,gONI-C,H,O,N, requires C,H,O,N,’, 37-6%), and 
p-todo-w-dimethylamino-w-benzylacetophenone in clusters of yellow 
needles, m. p. 119—120° (Found: I, 33-6. C,,H,,ONI requires I, 
33-5%). 

p-Chlorophenacylbenzyldimethylammonium bromide (benzene ; good 
yield) crystallised from alcohol-ether in small microcrystalline 
masses, m. p. 175—176° (Found: Br, 20-8; loss at 100°, 4-5. 
C,,H,,ONCIBr,H,O requires Br, 20-7; loss, 4-7%); picrate, yellow 
prismatic needles, m. p. 155—156°, from methyl alcohol (Found : 
C,H,O,N,’, 44:1. C,,H,,ONCI-C,H,O,N, requires C,H,O,N,’, 
44:3%). p-Chloro-w-dimethylamino-w-benzylacetophenone, yellow 
prisms, m. p. 91—92°, from methyl alcohol (Found: Cl, 12-5. 
C,,H,,ONCI requires Cl, 12-3%). 

o-Nitroacetophenone was prepared by the hydrolysis of o-nitro- 
benzoylacetoacetic ester (Needham and Perkin, J., 1904, 85, 152; 
Kermack and Smith, J., 1929, 814) and brominated in glacial 
acetic acid (Gevekoht, Annalen, 1883, 221, 327). 0o-Nitrophenacyl- 
benzyldimethylammonium bromide (benzene) crystallised from abso- 
lute alcohol in small, slightly yellow rhombs, m. p. 168—169° (de- 
comp.) (Found: Br, 21-1. C,,H,,0,N,Br requires Br, 21-1%), and 
its picrate from acetone—methy] alcohol (1 : 1) in stout yellow needles, 
m. p. 167—168° (Found : C,H,0,N,’, 43-5. C,,H,,0,N,°C,H,0,N; 
requires C,H,O,N,’, 43-6%). 

m-Nitrophenacylbenzyldimethylammonium bromide, prepared from 
«-bromo-m-nitroacetophenone (Hunnius, Ber., 1877, 10, 2008) and 
benzyldimethylamine in cold benzene, crystallised from alcohol- 
ether in yellow cubes, m. p. 153—154° (Found: Br, 20-1. 
C,,;H,,0;N,Br,H,O requires Br, 20-1%. Heating at 100° leads to 
decomposition). The picrate crystallised from methyl alcohol in 
slender brown needles, m. p. 134—135° (Found : C,H,0,N,’, 43-9), 
and m-nitro-w-dimethylamino-w-benzylacetophenone in yellow pris- 
matic needles, m. p. 77—78° (Found : N, 9-5. C,,H,,0,N, requires 
N, 9-4%). 

p-Nitrophenacylbenzyldimethylammonium chloride, obtained as a 
slowly crystallising oil from «-chloro-p-nitroacetophenone (Bradley 
and Schwarzenbach, J., 1928, 2907) and benzyldimethylamine in 
cold benzene, separated from absolute alcohol in small, slightly 
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yellow needles, m. p. 176° (Found : Cl, 10-7. C,,H,,03;N,Cl requires 
Cl, 10-6%); picrate, stout, almost brown cubes, m. p. 164—165°, 
from methyl alcohol (Found : C,H,O,N,’, 43-7%). 

«-Chloro-m-bromoacetophenone, prepared in good yield from diazo- 
methane and m-bromobenzoyl chloride (compare Bradley and 
Schwarzenbach, loc. cit.), crystallised from ligroin (b. p. 40—60°) in 
small plates, m. p. 47—48° [0-1034 g. required 23-4 c.c. 0-0382N- 
AgNO, (Robertson). C,H,OCIBr requires 23-3 ¢.c.]. The quater- 
nary chloride separated very slowly from cold benzene as an oil 
and was converted by treatment with potassium iodide into 
m-bromophenacylbenzyldimethylammonium iodide, which crystallised 
from absolute alcohol in fine needles, m. p. 180—181° (Found: I, 
27-5. C,,H,gONBrI requires I, 27-9%); picrate, yellow needles, 
m. p. 149—150°, from methyl alcohol (Found: C,H,0,N,’, 41-2. 
C,,H,,ONBr-C,H,O,N, requires C,H,O,N,’, 40-9%). m-Bromo-w- 
dimethylamino-w-benzylacetophenone, yellow needles, m. p. 99—100°, 
from methyl alcohol (Found: Br, 243. C,,H,,ONBr requires Br, 
24-1%). 

«-Chloro-o-bromoacetophenone was prepared by the action of 
diazomethane on o-bromobenzoyl chloride. Owing to the small 
difference in b. p. between it (164°/10 mm.) and o-bromobenzoyl 
chloride (158°/49 mm.), and to the small quantities used, it could 
not be obtained sufficiently pure for analysis and was accordingly 
converted directly in benzene solution into the quaternary chloride, 
@ non-crystallising oil which was converted into o-bromophenacyl- 
benzyldimethylammonium iodide: this crystallised from absolute 
alcohol in small white cubes, m. p. 134—135° (Found: I, 27-6%), 
its picrate in yellow needles, m. p. 125—126° (Found: C,H,O,N,’, 
411%), and 0-bromo-w-dimethylamino-w-benzylacetophenone picrate 
from methyl alcohol in clusters of yellow needles, m. p. 126—127° 
(Found: Br, 14-9. C,,H,,ONBr,C,H,O,N, requires Br, 14-6%). 


The authors are indebted to the Kitchener National Memorial 
Fund for a scholarship held by one of them (J, L. D.) and to the 
Carnegie Trustees for a Teaching Fellowship held by the other 
(T. 8. 8.). 
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263. Degradation of Quaternary Ammonium Salts. 
Part VII. New Cases of Radical Migration. 


By Tuomas THomson and THomas STEVENS STEVENS. 


THE rearrangements described in previous work have been of the 
type 
R-CO-CH,"N Me, X R-CO:CH-NMe, 
a GH,Ar CH,Ar 


and the reaction involves migration of a substituted benzyl group 
to the methylene carbon atom of a phenacyl or acetonyl radical. 
It has now been found possible to effect rearrangements such that 
the migrating radical is phenacyl (III —~ IV), or such that the 
methylene carbon atom to which wandering takes place is that of 
a benzyl group (V —~> VI). 
Ph-CO-CH,°NMe,Br Ph-CO-CH-NMe, 
CH,°COPh CH,*COPh 
CHPh(NMe,)CH,Ph (VI. A 
(v.) (CH,Ph),NMe,Cl <<" gpl 
>» CH,Ph-NMe, + CH,Ph-OMe (B) 
This interchangeability of function seems to confirm the view 
that the same characteristic of a radical (presumably some degree 
of anionic stability) which enables it to lose a hydrogen ion and 
act as recipient of the migrating group, is also that which enables 
it to function as the migrating radical itself. Parallel attempts 
to bring about rearrangement of di-p-bromophenacyldimethyl- 
ammonium bromide and of diacetonyldimethylammonium chloride 
(analogues of IIT), and also of di-p-bromobenzyldimethylammonium 
bromide (compare V), led to decomposition. On the other hand, 
the rearrangement of phenyldibenzylmethylammonium iodide (see 
below) and of benzyldimethylallylammonium bromide (potential 
analogues of V) was accomplished. The latter case was suggested 
by the observation that the allyl radical can replace CH,Ar in the 
reaction (I> II); it was found, however, that migration takes 
place wholly in the direction 


CH,:CH-CH,NMe,Br__. CH,:CH-CH-NMe, 
Rpt CH,Ph 


It was thought that the replacement of the two hydrogen atoms 
of the phenacyl methylene group might change the sense of the 
reaction (I —-> II), so that the substituted phenacyl radical would 
migrate into the benzyl group, and the preparation of such sub- 
stituted quaternary salts was undertaken. The monomethylated 
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substance (VIII) gives (IX) readily, but salts in which one of the 
hydrogen atoms in question is replaced by phenyl, or both by 
methyl, could not be prepared. 

° 


Ph-CO-CHMe:N Me, Br Ph-CO-OMe:NMe, _ 
H,Ph ~~ éaph | 


In this series the progressive replacement of the hydrogen atoms 
of the phenacyl methylene group leads to a progressive decrease 
in the facility of quaternary salt formation. Thus bromopropio- 
phenone and benzyldimethylamine do not combine in the cold, 
and the interaction of «-dimethylaminopropiophenone and benzyl 
chloride is sluggish. Similarly, although chlorodeoxybenzoin reacts 
with dimethylamine, it will not combine with benzyldimethylamine, 
nor will dimethylaminodeoxybenzoin unite with benzyl chloride or 
iodide ; and bromoisobutyrophenone gives no quaternary salt with 
benzyldimethylamine, and only traces of tertiary base with di- 
methylamine. The interaction of bromopropiophenone and benzyl- 
dimethylamine in hot benzene produces, not (VIII), but dibenzyl- 
dimethylammonium bromide (identified as the iodide), probably 
by a dissociation and combination of the type discovered by Wede- 
kind (Ber., 1902, 35, 767): (VIII) —> Ph-CO-CHMe-NMe, + 
CH,PhBr, followed by CH,Ph-NMe,+CH,PhBr —~> 
(CH,Ph),NMe,Br. 

The change (V —~ VI). and its analogues require far more 
drastic conditions than have hitherto been used in this series of 
investigations. Thus the salt (V) is unaffected by boiling with 
methyl-alcoholic sodium methoxide or with isopropyl-alcoholic 
sodium isopropoxide solutions. With methyl-alcoholic sodium 
methoxide solution at 120—140°, the salt is decomposed wholly 
according to scheme (B) above, and a similar result is obtained on 
refluxing with amyl-alcoholic sodium amyloxide solution (compare 
Achmatowicz, Perkin, and Robinson, this vol., p. 500). Treatment 
with solid sodium methoxide at 140° results in 50% of the salt 
being rearranged according to scheme (A) and 50% decomposed 
according to (B). When the salt is fused with sodamide (140— 
150°), the degradation proceeds wholly in the direction (A); a 
small amount of stilbene is also produced. These results suggest 
that, when the hydrogen atom which is to be replaced by the migrat- 
ing radical has little mobility, its extraction becomes the primary 
condition of the rearrangement, a conclusion which contrasts with 
the experience of Dunn and Stevens (previous paper) with more 
acidic quaternary salts. Such removal of a hydrogen ion may be 
regarded, moreover, as the initial and determining stage of the 
observed conversion of (V1) into stilbene by further treatment with 


(VIIL.) 
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sodamide, an apparently paradoxical elimination of dimethylamine 
by a powerfully alkaline reagent which has already effected removal 
of the elements of hydrogen chloride from (V). 

The degradation of phenyldibenzylmethylammonium iodide was 
investigated in view of a possible influence of an aryl radical attached 
to the nitrogen on the course of the rearrangement. The salt, on 
refluxing with methyl-alcoholic sodium methoxide solution, is 
wholly decomposed according to scheme (D) below, and fusion 
with sodamide results in some 70% being decomposed to benzyl- 
methylaniline (compare D) and some 20% being rearranged accord- 
ing to scheme (C) 

ns CHPh(NMePh)-CH,Ph (xX.) (C) 
(CH,Ph),NMePhI KK 
~ CH,Ph-NMePh + CH,Ph-OMe (D) 
The use of sodamide favours rearrangement (C) as in the case of 
the analogous salt (V), while the replacement of a methyl group 
in (V) by phenyl definitely facilitates the decomposition (D). 

Attempts to prepare phenacylphenylbenzylmethylammonium 
bromide were unsuccessful. According to Wedekind (Ber., 1908, 
41, 2804) the salt is formed by the interaction of w-bromoaceto- 
phenone and benzylmethylaniline, but it has now been found that 
the product is actually phenyldibenzylmethylammonium bromide, 
which probably arises in a similar manner to the formation of (V) 
from bromopropiophenone and benzyldimethylamine (see above). 
w-Methylanilinoacetophenone could not be combined with benzyl 
chloride or iodide. 

Constitution of the Rearrangement Products.—The substance (IV) 
was converted into the methosulphate and reduced, giving diphen- 
acyl, Ph:CO-CH,°CH,,COPh. The methosulphates of (VI), (V1), 
(IX), and (X), on treatment with alkali, yielded respectively stilbene, 
«-phenylbutadiene, «-benzylidenepropiophenone, and stilbene. The 
confirmation of the structure of (VII) by synthesis from benzyl- 
magnesium chloride and «-dimethylaminovinylacetonitrile (compare 
Stevens, Cowan, and MacKinnon, J., 1931, 2568) was impracticable, 
since the interaction of acraldehyde, dimethylamine, and hydrogen 
cyanide gave rise, not to the unsaturated substance, but to the 
diaminonitrile, CH,(NMe,)*CH,-CH(NMe,)-CN (compare Bruylants, 
Bull. Acad. roy. Belg., 1926, 7, 270). Catalytic reduction of (VI) 
gives 6-dimethylamino-«-phenylbutane, which was synthesised by 
the action of ethylmagnesium bromide on «-dimethylamino-f- 
phenylpropionitrile. 

EXPERIMENTAL, 

When diphenacyldimethylammonium bromide (Rumpel, Arch. 

Pharm., 1899, 237, 235) was warmed with aqueous caustic soda, 
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o-dimethylamino-w-phenacylacetophenone was obtained as a 
gummy solid; picrate, smali yellow prisms, m. p. 128—130°, from 
methyl aleohol (Found: C,H,0,N5, 44-9. C©,sH,0,.N,C,H,0,N, 
requires C,H,O,N;, 44:9%). 

Constitution of «-Dimethylamino-w-phenacylacetophenone.—By 
treatment of w-bromoacetophenone with alcoholic sodium ethoxide, 
Fritz (Ber., 1895, 28, 3032) obtained a so-called ‘“‘ bromodiphenacyl,” 
m. p. 161—162°, which on reduction in absolute alcohol with zinc 
dust gave diphenacyl, m. p. 143—145°, of well-established con- 
stitution. «-Dimethylamino-w-phenacylacetophenone, refluxed in 
benzene with methyl sulphate (1 equiv.), yielded an oily metho- 
sulphate which was reduced by zine dust and dilute sulphuric 
acid to diphenacyl, m. p. and mixed m. p. 143—145°. An attempt 
to synthesise w-dimethylamino-w-phenacylacetophenone from 
“ bromodiphenacyl”’ and dimethylamine in alcohol yielded a 
substance, the picrate of which formed small yellow prisms, m. p. 
184—186°, from benzene (Found: C,H,0,N;, 45:5%). Several 
“ bromodiphenacyls ” are known whose structures are a matter of 
doubt. 

Di-p-bromophenacyldimethylammonium Bromide.—p-Bromophen- 
acyl bromide (2 mols.) and dimethylamine (1 mol.) in alcohol gave 
almost instantaneously a mass of colourless crystals. The un- 
changed bromide having been removed with boiling benzene, the 
residue crystallised from alcohol in prisms, m. p. 215° (decomp.) 
(Found: ionisable Br, 15-0. C,,H,,0,NBr,"Br requires ionisable 
Br, 15-4%). 

When the foregoing ammonium bromide was warmed with 
methyl-alcoholic sodium methoxide, dimethylamine was evolved : 
an ethereal extract of the diluted solution, on treatment with dilute 
hydrochloric acid, deposited an orange-red solid, m. p. 170—171° 
(decomp.). The acid layer, made alkaline with ammonia, yielded 
a cream-coloured solid, m. p. 253—255°, which did not redissolve 
in dilute acid. The main product was a black-red tar, and no 
unchanged quaternary salt was obtained. Neither of the solid 
products, both small in quantity, was identical with di-p-bromo- 
benzoylethylene (Conant and Lutz, J. Amer. Chem. Soc., 1925, 47, 
891), which might have been formed from the expected rearrange- 
ment product. 

Diacetonyldimethylammonium Chloride.—Prepared from chloro- 
acetone (2 mols.) and dimethylamine (1 mol.) in alcohol, the chloride 
was obtained as a brownish mobile oil; picrate, yellow prismatic 
needles, m. p. 198—199° (decomp.), from methyl aleohol (Found : 
C,H,O,N,', 59-4. C,H,g0,.N-C,H,O,N, requires C,H,0,N,’,59-1%). 
The quaternary chloride was completely destroyed by aqueous 
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caustic soda or methyl-alcoholic sodium methoxide and no isolable 
products were obtained. 

Dibenzyldimethylammonium Chloride.—Prepared from _ benzyl- 
dimethylamine and benzyl chloride in cold benzene, this separated 
as an oil; after solidifying, it crystallised from acetone in stout 
prisms, m. p. 93—95° (Found: Cl, 13-7. C,gH NCI requires Cl, 
13-6%). The iodide crystallised from alcohol in stout prisms, m. p. 
192° (Found : I, 35-9. C,gH, NI requires I, 36-0%), and the picrate 
from methy] alcohol in yellow leaflets, m. p. 148—150° (Goss, Ingold, 
and Wilson, J., 1926, 2462, give m. p. 146°) (Found : C,H,0,N,’, 
50-4. Cale. for C,gHyyN-C,H,O,N, : Cg,H,O,N,’, 50-2%). 

The quaternary chloride was heated at 120—140° for 2 hours 
with methyl-alcoholic sodium methoxide. An ethereal extract 
of the diluted solution yielded benzyldimethylamine (isolated as 
picrate) to dilute hydrochloric acid and then contained benzyl 
methyl ether, b. p. 169—170°: the amounts of these two products 
accounted satisfactorily for the original quaternary salt used. 

From the quaternary chloride and solid sodium methoxide (not 
alcohol-free) at 140°, the product being worked up as just described, 
there resulted benzyl methyl ether and a mixture of bases which 
were separated by crystallisation of the picrates from methyl 
alcohol. «$-Diphenylethyldimethylamine picrate was deposited 
first ; yellow leaflets from methyl alcohol, m. p. 156—157° (softening 
markedly at about 130°) even after repeated crystallisation (com- 
pare Stevens, Cowan, and MacKinnon, J., 1931, 2571). The 
mother-liquor deposited benzyldimethylamine picrate, m. p. and 
mixed m. p. 93—95°. A very small amount of unchanged quater- 
nary salt was isolated as picrate, m. p. and mixed m. p. 148—150°. 

Constitution of «8-Diphenylethyldimethylamine——The base and 
methyl sulphate (equal mols.) were refluxed in benzene for an 
hour and the oily quaternary salt was boiled with caustic soda 
solution; stilbene, m. p. and mixed m. p. 123—125°, was obtained. 
Treatment of «$-diphenylethyldimethylamine with sodamide at 
200° also gave stilbene. 

Di-p-bromobenzyldimethylammonium Bromide.—This was prepared 
from p-bromobenzyl bromide (Stevens, Snedden, Stiller, and 
Thomson, J., 1930, 2122) (2 mols.) and dimethylamine (1 mol.) in 
alcohol. After distillation of most of the alcohol, addition of 
ether precipitated an oil, which solidified and then crystallised 
from alcohol-ether in long prismatic needles, m. p. 193—195° after 
softening at about 170° (Found : ionisable Br, 17-0. C,,H,,NBr,"Br 
requires ionisable Br, 17-2%). This bromide was completely 
destroyed by sodamide at 160—170° and no product of the degrad- 
ation could be isolated. 
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a-Dimethylaminopropiophenone.—Bromopropiophenone (1 mol.) 
and dimethylamine (2—3 mols.) were heated in alcohol for 2 hours 
at 100—110°, most of the solvent was distilled, and the residue 
poured into water and extracted with ether. «-Dimethylaminopro- 
piophenone picrate, isolated in the first place from ether, crystallised 
from methyl alcohol in yellow prismatic needles, m. p. 128—130° 
(Found : C,H,0,Ng, 56-7. C,,H,,0N,C,H,O,N, requires C,H,0,N,, 
56-4%). 

a-Methylphenacylbenzyldimethylammonium Iodide (as VIII).— 
Prolonged interaction of «-dimethylaminopropiophenone and benzyl 
chloride in cold benzene gave an oil, which was converted into the 
iodide; this crystallised from alcohol-ether in minute prisms and 
from water in clusters of rather irregular prisms, m. p. 160—161° 
(decomp.) (Found : I, 32-7. C,gH,,ONI requires I, 32-2%). 

Treatment of the iodide with hot aqueous caustic soda produced 
a dark oil, an ethereal extract of which yielded an almost colourless 
oil to dilute hydrochloric acid. «-Dimethylamino-a-benzylpropio- 
phenone picrate crystallised from aqueous methyl alcohol in short, 
stout, yellow prisms, m. p. 161—162° (Found: C,H,0,N;, 46-0. 
C,sH,,ON,C,H,0O,N, requires C,H,0,N,, 46-2%). 

Constitution of «-Dimethylamino-«-benzylpropiophenone.—The base 
was refluxed for several hours in benzene solution with methyl 
sulphate (1 equiv.), and the methosulphate, which separated in 
fine needles on cooling, was heated to boiling with aqueous caustic 
soda; the oil obtained was removed by ether and gave a phenyl- 
hydrazone as fine yellow needies, m. p. 127—128° (softening at 
115°) alone or mixed with authentic benzylidenepropiophenone- 
phenylhydrazone (Abell, J., 1901, 79, 935). 

a-Dimethylaminodeoxybenzoin.—Chlorodeoxybenzoin (m. p. 66— 
68°; compare Schroeter, Ber., 1909, 42, 2348) was treated with 
dimethylamine (2—3 mols.) in alcohol at 100—110°, and «-dimethyl- 
aminodeoxybenzoin obtained as a yellow viscous oil which slowly 
solidified in the cold to stout prismatic crystals, m. p. 59—61° after 
washing with ether (Found: N, 5-95. C,gH,,ON requires N, 
59%); hydrochloride, prismatic needles, m. p. 222—225° (decomp.), 
from alcohol-ether (Found: HCl, 13-5. C,,H,,ON,HCI requires 
HCl, 13-2%). 

a-Dimethylaminoisobutyrophenone.—isoButyrophenone may be 
prepared from isopropylmagnesium chloride and benzonitrile. By 
treatment of «-bromoisobutyrophenone (Collet, Bull. Soc. chim., 1897, 
17, 78) with dimethylamine in alcohol at 100—110°, or at 140—160° 
for 6 hours, only a very small amount of basic material was obtained 
as a yellow oil, most of the «-bromoisobutyrophenone being 
recovered unchanged. «-Dimethylaminoisobutyrophenone  picrate 
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erystallised from methyl alcohol in yellow prisms, m. p. 153—155° 
(Found : C,H,0,N;, 55-0. C,,H,,ON,C,H,0,N, requires C,H,0,N,, 
545%). 

Phenyldibenzylmethylammonium Bromide and Iodide.—Benzyl.- 
metbylaniline and w-bromoacetophenone, reacting under the 
conditions described by Wedekind (loc. cit.), gave phenyldibenzyl- 
methylammonium bromide, fine colourless needles, m. p. 144—146°, 
after recrystallisation from alcohol-ether (Wedekind gives decomp., 
149—150°) (Found: Br, 21-9. C,.H,,ONBr requires Br, 20-2%. 
C,,H,,NBr requires Br, 21:7°%). It was converted into the iodide, 
colourless prisms, m. p. and mixed m. p. (see below) 132—134°, 
from aleohol-ether. 

Benzylmethylaniline could not be combined with benzyl chloride, 
and its interaction with benzyl iodide required a much longer time 
than was used by Jones (J., 1903, 83, 1410). Phenyldibenzy]l- 
methylammonium iodide crystallised from alcohol in prismatic 
needles, m. p. 133—135° (Jones gives m. p. 134—135°). When it 
was refluxed with methyl-alcoholic sodium methoxide for an hour, 
benzylmethylaniline (picrate, m. p. and mixed m. p. 105—107°) 
and benzyl methyl ether, b. p. 169—170°, were obtained in amounts 
which accounted satisfactorily for the quaternary salt used. Benzyl- 
methylaniline picrate, prepared in ether, crystallised from methyl 
alcohol in stout yellow prisms, m. p. 105—107° (Found : C,H,0,N;, 
54-2. O,,H,.N,C,H,O,N, requires C,H,0,N;, 53-8%). 

The quaternary iodide was heated at 160—170° with sodamide 
(2 equivs.), and the reaction mass treated with water. An ethereal 
extract, treated with dilute hydrochloric acid, deposited «®- 
diphenylethylmethylaniline hydrochloride, which crystallised from 
alcohol or water in fine prismatic needles, m. p. 230—232° (Found : 
HCl, 11-3. ©,,H,,N,HCl requires HCl, 113%); «$-diphenyl- 
ethylmethylaniline, liberated by sodium hydroxide formed leaflets, 
m. p. 92—93°, from methyl alcohol (Found: N, 5-1. C,,H,,N 
requires N, 4-9%). The hydrochloric acid extract, made alkaline 
with ammonia, yielded benzylmethylaniline (picrate, m. p. and 
mixed m. p. 105—107°). No unchanged quaternary salt was 
isolated. 

The constitution of «f-diphenylethylmethylaniline was deter- 
mined in the same way as that of a-dimethylamino-«-benzylpropio- 
phenone, the methosulphate, however, being decomposed with 
aqueous methyl-alcoholic caustic soda; the ethereal extract yielded 

‘stilbene, m. p. and mixed m. p. 123—125°. 

Benzyldimethylallylammonium Bromide.—From allyl bromide and 
benzyldimethylamine in cold benzene, a viscous oil separated which 
slowly solidified. The crystals were washed with acetone and 
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obtained as stout, extremely deliquescent prisms, m. p. 98—-100° 
(Found: Br, 31-2. C,,H,,NBr requires Br, 31:3%); vcrate, 
clusters of short yellow prisms, m. p. 108—110°, from acetone 
(Found ; C,H,0,N,’, 56-6. C,,.H,,N-C,H,O,N, requires C,H,O,N,’, 
564%). 

The quaternary bromide reacted violently with sodamide at 
about 80° and a pungent odour was perceptible. The reaction 
mixture was treated with water, and an ethereal extract then yielded 
to dilute hydrochloric acid an almost colourless basic oil, b. p. 121— 
124°/45 mm.., in a yield corresponding to some 60% of the quaternary 
salt used; picrate, yellow prismatic needles, m. p. 147—149°, from 
aqueous methylalcohol (Found: C,H,0,Ng, 57-0. C,.H,,N,Cg,H,0,N, 
requires C,H,0O,N;, 56°7%). No unchanged quaternary salt was 
obtained. 

The basic oil, which may be CH,:CH-CH,-CHPh-NMe, or 
CH,:CH-CH(CH,Ph)-NMe,, was refluxed in benzene with methyl 
sulphate (1 mol.), the methosulphate boiled for a short time with 
caustic soda solution, and the oil obtained extracted, dried, and 
treated with bromine in chloroform; after removal of the warm 
solvent by aspiration, phenylbutadiene dibromide remained, m. p. 
94° after crystallisation from ligroin (compare Riiber, Ber., 1903, 
36, 1404). 

The interaction of benzylmagnesium chloride and «y-bisdimethy]l- 
aminobutyronitrile gave  £3-bisdimethylamino-«-phenylbutane, 
Me,N-CH,°CH,°CH(NMe,)-CH,Ph, a pale yellow liquid, b. p. 150— 
160°/17 mm.; picrate, minute yellow prisms, m. p. 193—195° (de- 
comp.), from acetone (Found : CgH,0,N,, 67-2. C,,H.N»,2C,H,0,N, 
requires CgH,O,N3, 67-6%). 

The rearrangement product (VII) in acetic acid was shaken with 
activated palladium on charcoal in hydrogen. The oil obtained 
gave a hydrobromide from alcohol-ether in prismatic needles, m. p. 
161—163° (Found: HBr, 31-4. ©,,H,N,HBr requires HBr, 
31-4%), depressed in admixture with a-dimethylamino-«-phenyl- 
butane hydrobromide but not with §-dimethylamino-«-phenyl- 
butane hydrobromide. The p-bromophenacylobromide also was 
identical (m. p. and mixed m. p.) with that of §-dimethylamino-«- 
phenylbutane. The reduced compound, therefore, is 6-dimethyl- 
amino-«-phenylbutane, and the original degradation product 8- 
dimethylamino-«-phenyl-Ay-butylene (VII). 

«-Dimethylamino-«-phenylbutane.—The interaction of n-propyl- 
magnesium bromide and «a-dimethylaminophenylacetonitrile, or 
of phenylmagnesium bromide and «-dimethylaminovaleronitrile 
(Henry, Bull. Acad. roy. Belg., 1898, 36, 245), yielded an almost 
arloarlams Bigwid, b. p. 130—182°/40 mm, 
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a-Dimethylamino-a-phenylbutane picrate crystallised from methyl 
aleohol in yellow leaflets, m. p. 139—140° (Found: C,H,0,N,, 
56-0. C,,.H,N,C,H,0,N, requires C,H,0,N;, 564%), the hydro- 
bromide from alcohol-ether in fine needles, m. p. 162—163° (Found : 
HBr, 31-1. C,,H,N,HBr requires HBr, 31-4%), and the p-bromo- 
phenacylobromide, obtained by refluxing the components for a short 
time in benzene solution, in minute prisms, m. p. 208—210° (de- 
comp.) (Found: ionisable Br, 17-4. C,,H,,ONBr-Br requires 
ionisable Br, 17-6%). 

8 - Dimethylamino - « - phenylbutane.—a -Dimethylamino - 8 - pheny!- 
propionitrile (Stevens, Cowan, and MacKinnon, Joc. cit.) gave with 
ethylmagnesium iodide an almost colourless liquid, b. p. 138— 
138°/36mm. 6-Dimethylamino-«-phenylbutane hydrobromide crystal- 
lised from alcohol-ether in prismatic needles, m. p. 161—163° 
(Found: HBr, 31-3%), and the p-bromophenacylobromide in minute 
prisms, m. p. 188—190° (decomp.) (Found: ionisable Br, 17-4%). 


The authors are indebted to the Carnegie Trustees for a Teaching 
Fellowship held by one of them (T. 8. 8.) and for a Research Scholar- 
ship held by the other (T. T.). 
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264. Physicochemical Studies of Complex Formation 
involving Weak Acids. Part V. Solutions of 
Complex Cyanides of Silver, Zinc, Cadmium, 
Mercury, and Nickel. 

By Hvuprertr Tuomas STANLEY Britton and Eric Norman Dopp. 


Ir was shown in Part I (J., 1931, 2332) that the complex cyanides 
formed by potassium and either silver, zinc, cadmium, nickel, or 
bivalent iron are but little hydrolysed in solution. This suggests 
that the metals exist in stable complexes. The presence of these 
metals in complex anions has been demonstrated by migration 
experiments (see Hittorf, Pogg. Ann., 1853, 89, 177; 1856, 98, 1; 
Rieger, Z. Elektrochem., 1901, 7, 871), but investigation of the equiva- 
lent conductivities of solutions of complex cyanides has not always 
led to a definite confirmation of their supposed constitution. For 
instance, Walden (Z. anorg. Chem., 1900, 23, 373) found at 25° that 
Ajoos—Ago for K,Zn(CN), and K,Cd(CN), was 14-9 and 15:1 
respectively, neither of these values being sufficiently near 20 to 
indicate the dibasicity of the respective anions. 

From #.M.F. measurements of cells involving amalgamated zinc 
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and cadmium electrodes, Euler (Ber., 1903, 36, 3400) deduced the 
existence of Zn(CN),’’ and Cd(CN),’’, though Kunschert (Z. anorg. 
Chem., 1904, 41, 337), in order to account for the potentials of silver 
electrodes in solutions containing both silver and zinc complex 
cyanides, found it necessary to postulate the existence of another 
zinc complex cyanide ion, viz., Zn(CN),’. This assumption, how- 
ever, was based on the belief that the silver was contained in the 
complex anion, Ag(CN),’, which, according to Bodlander and Eber- 
lein (ibid., 1904, 39, 197), is not strictly true, for they claim the co- 
existence of yet another anion, Ag(CN),’’, in all except very dilute 
solutions. 

In the hope that pq measurements would add to our somewhat 
vague knowledge of complex cyanide ions, the present work was 
undertaken. An attempt was also made to correlate the py data 
with measurements of potential (using the appropriate metal or 
amalgam) and of conductivity. In extending these studies to 
complex mercuric cyanide solutions, it was necessary to determine 
the extent of hydrolysis of such solutions, and this was done by the 
vapour-pressure method of Harman and Worley (7'rans. Faraday 
Soc., 1924, 20, 502). 

Attempts to use the antimony and tungsten electrodes for the 
determination of the py values of cyanide solutions (Britton and 
Robinson, J., 1930; 1261; Britton and Dodd, J., 1931, 829) have 
proved fruitless, and resort has now been made to the glass electrode, 
which is quite serviceable and yields accurate Pu values in the pres- 
ence of cyanides. 

1. Hydrolysis of Potassium Mercuricyanide at 25°, —Solutions were 
prepared by mixing mercuric chloride and potassium cyanide in the 
proportion necessary to produce K,Hg(CN), together with the excess 
of potassium cyanide given in the first column of Table I. The 
actual concentrations are recorded in cols. 2 and 3. The concen- 
trations of hydrolysed hydrogen cyanide (col. 4) were estimated by 
Harman and Worley’s picric acid method, as described in Part I. 
Col. 5 gives the calculated amounts of acid liberated by the excess 
potassium cyanide, the hydrolysis constant K, being taken as 
2-55 x 10°. By subtracting these concentrations from the ob- 
served concentrations, those of the hydrocyanic acid liberated by 
the complex were found. The percentage hydrolysis, given in the 
last column, was calculated on the assumption that the four cyanide 
groups in the complex anion were capable of hydrolysis. Com- 
parison with the data for other complex anions (Part I) reveals that 
the mercuricyanide anion undergoes greater hydrolysis, but that 
this increases with increasing excess of potassium cyanide, contrary 
to the behaviour of the other complex ions. 
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TABLE I. 
Conc., M. [HCN] x 10*. Hydrolysis 

g wo —__ _——_~. of com- 

7’ = 25°. K,Hg(CN),. KON. Obs. Cale. plex, %. 
K,Hg(CN), 00203. 0 7-0 0 0-85 
59 + 1KCN 0-0169 0-01690 11-0 6-4 0-70 
ve 42 55 0-0145 0-0290 13-0 8-4 0:77 
99 = 0-0110 0-0440 16-0 10-5 1-25 
as 3 wo 0-0093 0-0558 18-0 13-2 1-30 


2. py Measurements by Means of the Glass Electrode-—The method 
adopted was similar to that of Morton (J. Sci. Inst., 1930, 7, 187), 
and the apparatus (ballistic galvanometer and condenser) and 
calibration procedure of the glass electrode were those described by 
Britton and Robinson (T7'rans. Faraday Soc., 1932, 28, 531). The 
calibration of this electrode for use in solutions of high pg was also 
confirmed by immersion in potassium cyanide solutions, the p, 
values of which were accurately known. 

For the titrations, approximately 0-01.M-solutions of the sulphates 
of zine, cadmium, and nickel, and the chloride and nitrate respect- 
ively of mercury and silver, were titrated with 0-1M-potassium 
cyanide solution. Direct titrations showed that in some cases 
redissolution of the precipitated simple cyanide in excess potassium 
cyanide was very slow, and hence equilibrium values of the py of the 
solution could not be obtained. To obviate this difficulty, mixtures 
of the metallic salt solution with various amounts of potassium 
cyanide were placed in bottles, which were shaken for several hours 
or kept over-night, before the pg of the solution was measured. By 
this means steady and reproducible pg values were obtained. In 
this way several series of solutions were prepared corresponding to 
increasing excesses of potassium cyanide over the various metallic 
salts. Each solution was prepared by diluting the required volume 
of 0-1M-potassium cyanide to 100 o.c. and adding it to 10 o.c. of a 
0-1 M-salt solution. 

Curves illustrating the changes in hydrogen-ion concentration 
with increase of cyanide are plotted in Fig. 1, whilst the py values 
corresponding to z mols. of potassium cyanide in excess of that 
required to form K,M(CN), [or KAg(CN),] are given in Table II. 

During the addition of the first 2 mols. of potassium cyanide to the 
solutions of zinc and nickel salts, the respective cyanides were pre- 
cipitated, but further additions caused redissolution, clear solutions 
being obtained with 4 mols. Corresponding values for the silver 
nitrate solution were 1 and 2 mols. respectively. No precipitate 
separated from either the cadmium sulphate or the mercuric chloride 
solution. ) 

In Fig. 1 the uppermost curve, labelled KON, represents the 
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Tas_eE II. 
Cone., M x 104. HON] x 10¢. 
pone > [ON’] a [HON] on’) (ONY. 
M. z. K,M(ON),. KON. Pa- [HON]’ Complex, KON. x 10+. x 10. [KON] 
Ag 05 9-09 4-54 10-4 12:02 0 3°23. 3°23 3:88 0-9 
10 9-09 9-09 10-65 21-38 0 455 455 9-72 1-1 
15 9-09 13-63 10-78 28-84 0 5-59 559 16-13 1-2 
2-0 9-09 18:18 10°85 33:88 0 6°36 6-36 21-59 1-2 
Zn 05 9-09 4-54 10-19 741 164 3:23 4-86 3:60 0-8 
10 9-09 9-09 10-44 13:18 145 455 600 7-91 0-9 
15 909 1363 10-56 17-40 1:35 559 694 12:07 0-9 
20 9-09 18:18 10-66 21-88 120 6-36 7:56 1655 0-9 
Cd O58 913 456 1050 15:14 146 3-15 4-61 6-98 1-5 
10 913 9-13 10-66 21-88 1-02 4-56 5-58 1-22 1:3 
15 913 13-69 10-79 29-50 0-99 5-61 6-60 1-95 1-4 
20 9-13 18-25 10-88 36-31 0-48 6-39 6-87 2-49 1-4 
Hg 05 6-94 3-47 10:12 6-31 2-14 2-81 495 312 0-9 
10 6-71 6-71 10-20 7-59 1-88 3-93 581 440 0-7 
15 6-50 9-75 10-28 9-12 1-87 468 6-55 597 06 
2-0 6-30 12-60 10°34 10-50 1:95 629 7-24 758 0-6 
Ni 05 9-09 4-54 10-34 10-47 0-36 3-23 3-59 3°76 08 
10 9-09 9-09 10-52 15°85 0-76 455 5-31 8-42 0-9 
15 9-09 13-63 10-66 21-88 0-80 6-59 6-39. 13-98 1-0 
20 9-09 18:18 10-78 28-84 0-87 6-36 7-23 20-86 1-1 
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Pu Variations that would have been established if the reactions of 
the various salts with potassium cyanide: had consisted simply of 
double decompositions and the excess of the alkali cyanide had 














1944 BRITTON AND DODD: PHYSICOCHEMICAL STUDIES OF 


remained, as such, in solution. It will be seen that, for both 
silver and nickel, there was a steady increase in py from 5-0 to 6-5 and 
from 6-0 to 7-3, respectively, during the addition of the cyanide 
required to form solutions of KAg(CN), and K,Ni(CN),. Immedi- 
ately the complex silver cyanide had been formed, further addition 
produced a sudden increase in pg, but with nickel this increase was 
very slightly delayed. Reference to Part I shows that KAg(CN), 
does not hydrolyse in solution, and that the hydrolysis of K,Ni(CN), 
is negligibly small : this is reflected in the fact that the p,q values pre- 
vailing during the redissolution of these cyanides are in the region of 
neutrality. 

The zine and mercuric curves indicate that considerable increases 
in py occurred when the stoicheiometric amounts of potassium 
cyanide had been added to form the heavy-metal cyanides. The 
second section of the zinc curve, corresponding to dissolution of zine 
cyanide, shows that the mother-liquor was buffered just below py 9, 
the formation of the complex K,Zn(CN), being indicated by an 
inflexion. The corresponding section of the mercury curve is not 
marked by an inflexion, but the range of py values of the solutions 
in which the complex salt was being formed is much lower than that 
which would have obtained if the potassium cyanide had not entered 
into combination with the mercuric cyanide. The hydrogen-ion 
concentration prevailing during the precipitation of zinc cyanide is 
similar to that set up in an alkali titration of a zinc salt solution (see 
Britton and Robinson, Joc. cit.), and the buffered curve of the second 
half of the reaction, being somewhat lower than p, 9-32 (the p x, of 
hydrogen cyanide), shows that the ratio of the concentration of free 
hydrocyanic acid to that of cyanide ions was relatively high. Both 
observations reveal hydrolysis, in the first place of the precipitated 
zine cyanide, and in the second, of the complex cyanide that was 
being formed. The latter conforms with the hydrolysis measure- 
ments, that of a 0-02M-K,Zn(CN), solution being 0-5%. 

The py corresponding to the reaction of 2 mols. of potassium 
cyanide with 1 mol. of cadmium sulphate lies chiefly between 7 and 8, 
the range within which cadmium salts undergo precipitation on 
treatment with alkali (Britton, J., 1925, 127, 2148). Actually no 
precipitate separated from these solutions except on prolonged 
standing. Joannis (Compt rend., 1881, 93, 272), Loebe (Diss., 
Berlin, 1902), and Corbet (J., 1926, 3190) have found, however, that 
by using more concentrated reactants basic cadmium cyanide is 
precipitated ; the formation of this basic cyanide would account for 
the py curve given by the second stage of the reaction being buffered 
between py 8 and 10 owing to the free hydrocyanic acid present in 
the solutions. Much of this hydrolysed acid must have eventually 
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entered into combination to form the complex salt, for not only did 
the mother-liquor attain py, 10 with less potassium cyanide than in 
several other cases, but the extent of hydrolysis of the complex 
cadmium cyanide immediately it had been formed was only 0-53%. 
(Subsequent determinations of the concentration of free 
hydrocyanic acid by the vapour pressure method have confirmed 
these statements.) 

The p, values of the solutions containing the complex cyanides 
and varying excesses of potassium cyanide were the outcome of 
the dissociation of hydrolysed hydrocyanic acid and cyanide ions. 
Such equilibria may be represented by the expression py = px, + 
log [CN’]/[HCN], px, being 9-32 (Britton and Robinson, loc. cit.). 
Values of [CN’]/[HCN] corresponding to the addition of various 
molecular proportions of potassium cyanide are recorded in col. 4 of 
Table II. It is, however, possible to calculate the concentrations of 
free hydrogen cyanide of the solutions on the basis of the previous 
hydrolysis measurements (Part I and foregoing section), and there- 
fore to calculate the actual concentration of cyanide ions of the 
various solutions. These are given in the penultimate column of 
Table II, whilst the last column gives the values of the ratio [CN’]/ 
[KCN], [KCN] being the concentration of potassium cyanide in 
excess of the complex salts that have tacitly been assumed to be 
present in the solutions. With the exception of the figures for the 
cadmium solutions, the values approximate to unity, which, in view 
of the appreciable differences caused by slight errors in the py 
measurements, may be considered to offer some confirmation of the 
existence of the ions Ag(CN),’, Zn(CN),’’, Hg(CN),’’, and Ni(CN),”. 
The divergences from unity are more pronounced in the case of the 
cadmium solutions, and suggest that other complex cadmium ions, 
possibly Cd(CN),’, existed in the solutions, requiring less potassium 
cyanide for their formation. 

3. Metal-ion Concentrations.—In order to study the reactions 
involved, several series of solutions of the same concentration were 
prepared, mechanically shaken, and kept over-night; the P.D.’s 
of the cells M|MX + xKCN|Satd. KNO,|N-Calomel were then 
measured at room temperature. For the silver reaction, 50 c.c. 
portions of 0-01 M-silver nitrate solution were treated with various 
volumes of 0-1M-potassium cyanide and each mixture was allowed 
to attain equilibrium before insertion in the cell. In this case the 
standard half-element was Ag|0-1M-AgNO,. Owing to the 
reduction of mercuric chloride which occurs at a mercury interface, 
the mercury potential measurements took the form of a potentio- 
metric back-titration of 110 c.c. of 0-04477M-potassium cyanide with 
0-1M-mercuric chloride solution. 
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The silver electrode consisted of silver wire sealed into a glass tube, 
the exposed end of which was covered with a crystalline layer of the 
metal. This was deposited from a silver nitrate solution by passing 
a current of a few milliamps. for 3—4 hours. The normal electrode 
potential on the hydrogen scale was 0-800 volt. The zinc and cad- 
mium electrodes consisted of fairly dilute amalgams, freshly prepared 
by electrodeposition from their respective sulphate solutions at pure 
mercury cathodes. The zinc amalgam gave a potential, Z,, against 
0-005M-zine sulphate solution of — 0-786 volt, whilst the cadmium 
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amalgam in 0-005M-cadmium sulphate solution at 14° gave H, = 
— 0:404. The degree of dissociation of each solution being taken as 
0-633, normal electrode potentials are found to be — 0-722 volt and 
— 0-340 volt respectively for the amalgams employed in these 
measurements. The mercury electrode consisted of a U-tube with 
unequal arms, the bend of which was filled with pure mercury. The 
short arm was immersed in the solution undergoing titration. The 
value, + 0-856 volt, was used-as the normal electrode potential of 
mercury in regard to mercuric ions, it having been calculated by 
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Luther’s rule from Hoye ~+ ug," = 0-80 (Lewis and Randall, “Thermo- 
dynamics”) and Hyy,-s2n¢" = 0-913 (Carter and Robinson, J., 
1927, 267). 

Fig. 2 gives the metal-ion concentrations set up throughout these 
reactions, The ordinates on the left give the logarithms of those 
concentrations corresponding to the silver, zinc, and cadmium 
reactions, calculated from the observed #.M.F.’s by means of the 
Nernst formula. The quantities of potassium cyanide added are 
give by the lower abscissa. The upper abscissa and the right-hand 
ordinate refer to the back-titration with mercuric chloride. Typical 
£.M.F.’s set up by solutions containing the different complex 
cyanides and various excesses of potassium cyanide are recorded in 
Table IIT. 


Tasre III. 
[KAg(CN),] [KCN] [KCN] E.M.F. Pa 
x 10%. x 10% [KAg(CN),) at 15°. —log[Ag’]. K x 10*. 
9-28 1-41 15 —1-0634 19-72 5-26 
6-12 2-45 4-0 —1-0996 20-36 4-26 
5-42 3-25 6-0 —1-1162 20-65 4-35 
4-86 3-89 8-0 —1-1302 20-90 3-94 
4-42 4-42 10-0 —1-1378 21-03 4:13 
4-03 4-81 11-9 —1-1440 21-14 4:17 
3-71 5-20 14-0 —1-1506 21-25 4-05 
3-44 5-51 16-0 —1-1542 21°32 4-25 
[K,Zn(CN),] [KCN] [KCN] £.M.F. a 
x 10°. x 10%, [K,Zn(CN),]’ at 12-5°. —log[Zn™). K x 10”, 
9-09 3-74 0-4 —1-344 11-94 2-47 
9-09 8-20 0-9 —1-390 13-55 1-40 
9-09 8-42 0-9 —1-395 13-72 1-05 
9-09 17-11 1-9 —1-429 14-95 1-06 
7-41 25-08 3-4 —1-410 14-57 14-4 
4-76 27-86 5:8 —1-434 15-10 10-1 
2-91 36-17 12-4 — 1-437 15-20 37-0 
[K,Cd(CN),] [KCN] [KCN] E.M.F. os 
* 103. x 10%. [K,Cd(ON),/ at 14°. —log[Cd"]. K x 10%, 
9-13 3:56 0-4 —0-952 1153 5 
9-18 8-02 0-9 —0-980 12-51 14 
9-13 8-24 0-9 —0-962 11-92 61 
9-13 16-93 1-9 —1-013 13-67 19 
7:44 15-83 2-1 —0-982 12-74 156 
4-78 27-77 5-8 —1-012 13-69 256 
2-92 26-55 9-0 —1-022 14-07 143 
[K,Hg(CN),] {KCN] [KCN] E.M.F. oh 
x 10°. x 10%. [TK,Hg(CN),J at 12°.  —log[Hg™]. K x 10“. 
6-25 0-579 0-09 —0-455 35-45 6-4 
06 0-860 0-14 —0-473 36-04 8-3 
1-12 0-19 —0-487 36-48 8-9 
1-37 0-24 —0-497 36-83 9-2 
1-61 0-29 —0-505 87-10 95 


1-46 2-15 — 0-492 36-72 127 


6: 
5: 
5- 
5: 
0- 
0- 
0- 2-54 5-85 — 0-520 37-66 213 


8 
1 
6 ‘ 
33 0-772 0-93 —0-459 35°59 110 
78 
35 
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The silver and zinc curves show that appreciable diminutions in 
metal-ion concentration occurred when the quantities of potassium 
cyanide were those required to effect the complete precipitation of 
the respective cyanides. With more alkali cyanide, which gradually 
brought about their dissolution, there was a gradual change in ion 
concentration up to 2 mols. and a little more than 4 mols. respectively, 
rapid changes then being set up again. The second step of the 
silver curve corresponds to equilibria between the silver ions arising 
from the slight amount of silver cyanide in solution and the soluble 
complex salt formed with the added potassium cyanide : 2AgCN — 
Ag’ + Ag(CN),’. If each portion of the 1 mol. of potassium cyanide 
in excess of the first added to 1 mol. of silver nitrate immediately 
converts an equivalent amount of silver cyanide into KAg(CN),, 
then, by assuming that the complex cyanide (now in solution) is 
completely dissociated, KAg(CN),—> K* + Ag(CN),’, we can 
calculate the Ag(CN)’, concentration at any point in the second 
stage. As solid silver cyanide exists in equilibrium with the mother- 
liquor, it should be possible to calculate the solubility product 
[Ag*}[Ag(CN),’] from the data available. The following table, which 
gives the result of typical calculations, justifies these assumptions. 


Mols. of E.M.F. of [Ag(CN)’,] [Ag*][Ag(CN,)] 
excess KCN. cell at 15°. — log [Ag’]. x 108. < 10%. 
0-25 —0-429 8-63 2-21 5-17 
0-50 —0-446 8-93 4-31 5-06 
0-75 — 0-456 9-10 6-32 5-02 


The mean value of the solubility product, viz., 5-1 x 10°!%, is in 
remarkable agreement with the value, 5 x 10-!*, obtained by Bod- 
lander and Lucas (Z. anorg. Chem., 1904, 41, 192) from solubility 
determinations; Béttger (Z. physikal. Chem., 1903, 46, 602) found 
2-25 x 1072 by means of conductivity measurements. 

Similar computations made to account for the zinc-ion concen- 
trations prevailing during the second stage of the zinc reaction were 
not so successful. The equilibria involved were considered to be 
2Zn(CN), == Zn™ + Zn(CN),”, and the values of the product 
[Zn }[Zn(CN),’"] x 10" obtaining when 0-5, 1-0, and 1-5 mols. of 
potassium cyanide had been added to 1 mol. of Zn(CN), were 14-0, 
5-1, and 1-6 respectively. 

The curve corresponding to the gradual formation of the cadmium 
complex is irregular, and, moreover, the upward inflexion occurs, as 
was the case in the glass-electrode curve, some time before the 
correct amount of potassium cyanide had been added to form 
K,Cd(CN),. As might be expected from the nature of both the glass- 
electrode and the cadmium amalgam curves, the ionic product, 
[Cd [Cd(CN),’"], is not constant during the second stage of the 
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reactions. For 0-5, 1-0, and 1-5 mols. of potassium cyanide, the 
values were 410 x 10-1, 29-8 x 107, and 3-9 x 10-1 respectively. 

With mercury, there appeared an inflexion when the amount of 
mercuric chloride was just sufficient to convert the potassium 
cyanide into K,Hg(CN),. Thereafter, the mercuric chloride caused 
a gradual increase in mercuric-ion concentration until the amount had 
reached 0-5 mol., whereupon a sudden increase took place. This 
corresponds to the complete conversion of the complex cyanide into 
mercuric cyanide. The section of the curve, given as a broken line, 
does not represent the mercuric-ion concentrations of the solutions 
containing excess of mercuric chloride, for it was at this stage of the 
titration that the electrode became incapacitated on account of 
reduction of the mercuric chloride to calomel, which could be seen as 
a grey film on the electrode interface. It was for this reason that the 
direct titration of mercuric chloride with potassium cyanide proved 
unsuccessful, though it provided further evidence that reduction 
takes place, in that the incidence of the sharp inflexion was delayed 
until somewhat more than 2 mols. of reactant had been added. 
In mercuric cyanide and complex cyanide solutions, the mercury- 
electrode potential appears to depend only on the concentration of 
bivalent mercury ions. It is not possible to study the mercuric-ion 
concentrations ruling during the reaction involving the formation of 
the complex cyanide, for the existing knowledge of the very slight 
ionisation of mercuric cyanide is trivial. 

In addition, a titration of a solution of nickel sulphate with 
potassium cyanide was performed, using rolled sheet nickel as the 
indicator electrode, any oxide that might tend to passivate the 
electrode having been removed by immersion in warm hydrochloric 
acid immediately before use. The electrode gave quite steady 
potentials. A small inflexion of 50 mv. occurred on complete preci- 
pitation of the simple cyanide, whilst a large diminution in L.M.F. 
took place just after the addition of 4 mols. of potassium cyanide. 
The position of this inflexion was similar to that in the corresponding 
glass-electrode curve. Owing to the probable irreversibility of the 
nickel electrode, no attempt was made to calculate the nickel-ion 
concentrations. The apparent normal electrode potential, H;,, of the 
particular nickel used was — 0-101 volt (Haring and Van den Bosche, 
J. Physical Chem., 1929, 23, 161, found — 0-231 volt; see, however, 
Murata, Bull. Chem. Soc. Japan, 1928, 3, 253; Newbery, J. Amer. 
Chem. Soc., 1929, 51, 1429). 

Except in the case of the silver curve, the positions of the final 
inflexions in these metal-electrode curves were not produced when 
the theoretical quantities of alkali cyanide were added to form the 
complex ions that are generally supposed to exist, viz., Ag(CN),’ and 
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those of the type M(CN),”. Nevertheless, calculations have been 
made to ascertain whether the metal-ion concentrations of those 
solutions containing the complexes in the presence of potassium 
cyanide could be explained on the basis of equilibria Ag(CN),’ —= 
2CN’ + Ag* and M(CN),” — = 4CN’+M”™. Hence, if the mass 
law were applicable, computations of the expressions [Ag*][CN’}/ 
[Ag(CN),’] and [Zn**}[CN’}*/[Zn(CN),’’], etc., should yield constant 
values. The values of these expressions for silver, zinc, cadmium, 
and mercury are given in the last column of Table III. For the 
silver complex ion, Ag(CN),', the “ instability’ expression remains 
constant ; the mean, 4:16 x 10°’, agrees with the values obtained by 
Euler (Ber., 1903, 36, 2878), viz., 8—20 x 10-*, and by Bodlander 
and Eberlein (loc. cit.), viz., 88 x 10°. The values of K for the 
other complexes increase with increasing proportion of potassium 
cyanide. Euler (ibid., p. 3400) found K to be 8—18 x 1078 for 
Zn(CN),"" and 7—18 x 10-18 for Cd(CN),”. In both cases the ratio 
[KCN}/[K,M(CN),] was greater than 2. For the zinc complex ion 
in solutions containing more than 2 mols. of potassium cyanide, K 
ranged from 1-4 to 3-7 x 10-1, whereas the corresponding values for 
the cadmium complex ranged from 2-56 to 1-43 x 10-48. 

Similar variations will be observed in the case of the mercuric 
cyanide complex, Hg(CN),’’._ In the presence of amounts of potass- 
ium cyanide greater than 1 mol. the constant had increased to 
1-3—2-1 x 10“. It is significant that #.M.F. measurements made 
by Sherrill (Z. Elektrochem., 1903, 9, 549; Z. physikal. Chem., 1903, 
43, 705; 1904, 47, 103), in which he employed more than 2 mols. 
excess of potassium cyanide, led to a comparable value, viz., 4 x 10~*. 

A method was devised in the previous section by which the 
cyanide-ion concentration could be calculated from the py value and 
the percentage hydrolysis. For the zinc, cadmium, and mercury 
curves both the pg values and — log [M"’] can be read off corre- 
sponding to the addition of 4 mols. of potassium cyanide to 1 mol. 
of salt, i.e., to the formation of K,M(CN),, and these may be em- 
ployed to calculate the respective instability constants, as shown 
below : 


j %[CN’] 
[M(CN),’’] [CN’] [HCN] [CN’] from = 
x 10°. pu- pu. [HON] x10*. x10". complex. K. 
Zn 9-09 950 921 151 4182 275 0-76 3-9 x 10 
Cd 9-13 10-27 10-08 8-91 1:94 17:26 4-72 8-1 x 10° 
Hg 7-18 10-00 31:90 4:78 2-44 11-69 407 7:1 x 10 


These values of K are of the same order as those in Table III: the 
lack of better agreement is probably to be ascribed to the errors 
inherent in the method by which [CN’] was calculated, very small 
errors in the py, values sometimes leading to considerable differences 
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in{CN’]/[HCN]. The foregoing table also shows that [CN’] liberated 
from the complex anion may be appreciable, reaching 4-7% from the 
cadmium complex. The effect of an increasing excess of potassium 
cyanide is to repress such secondary dissociation. 

4. Conductivity Measwrements.—Apart from some work by Rossi 
(Gazzetta, 1915, 45, i, 6) on the reaction of potassium cyanide with 
nickel and cobalt salts, the alterations in specific conductivity during 
the formation of complex cyanides in solution appear to have re- 
ceived no attention. Fig. 3 and Table IV give the specific conduc- 
tivities at 25° of solutions of silver nitrate, zinc sulphate, cadmium 
sulphate, and mercuric chloride throughout their reactions with 
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potassium cyanide. The conductivities were measured with the 
apparatus described by Britton and German (J., 1930, 1249). 
Dilution, v, is given in litres. The reaction between nickel sulphate 
and potassium cyanide was also studied, and its curve (not shown in 
Fig. 3) is almost identical at all points with that of zinc. On account 
of the precipitates involved in all these reactions, except that with 
mercuric chloride, the titrimetric procedure was not adopted. In- 
stead, 10 c.c.-portions of 0-1M-salt solution were treated with 
definite volumes of 0-1M-potassium cyanide solution, each made up 
to 100 c.c., and, after thorough shaking at room temperature, were 
placed in the thermostat for some time before determinations were 
made, The mercury curve is that of a conductometric titration of 
100 c.c. of 0-01 M-mercuric chloride with 0-102M-potassium cyanide. 
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0-54 
1-14 
1-74 
2-34 
2-24 
2-13 
2-04 
1-97 


0-44 
0-96 
1-59 
2-24 
2-13 
2-08 
1-97 
1-89 


0-55 
1-14 
1-74 
2-34 
2-19 
2-10 
1-96 
1-89 


KKNO, 8b Vigg = 1°35 X 10-* mho. 


Conductivities of 100 c.c. of 0-01M-ZnSO, + x mols. of KCN. 
200 


100 
67 
50 
50 
50 
50 
50 


KK 430, at V100 = 2-56 x 10-3 mho. 


Conductivities of 100 c.c. of 0-01M-CdSO, + x mols. of KCN. 


200 
100 


67 
50 
50 
50 
50 
50 


KK,80, &t Vigg = 2°56 X 10-* mho. 


Conductivities of 100 c.c. of 0-01M-NiSO, +- x mols. of KCN. 
200 
100 


67 
50 
50 
50 
50 
50 


KK,80, &t Vigg = 2°56 X 10-* mho. 
* Since [AgNO,] <x 10? = 1-0, KCN x 10? also represents 
per mol. of AgNO,, and similarly for other salts except HgCl,. 
t A, KAg(CN), for silver. 


Conductometric titration of 100 c.c. of 0-01M-HgCl, with 


0-102M-KCN at 25°. 
KKON K,Hg(CN), 

x 10°. x 10°. v. 
0 0-47 248 
0 0-91 130 
0 1-34 89-6 
0 1-80 69-5 
0-54 1-66 72-0 
1-00 1-58 74-5 
1-43 - 1-52 76-9 
1-86 1-42 79-4 
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TaBLe IV. 

Conductivities of 100 c.c. of 0-01M-AgNO, and «M-KCN. 
Kobe. KKON KK,M(CN), T A, A 
x 103, x 108 ~ 10%. v. $K,M(CN),.¢ (Walden). 
1-64 0 0-29 400 116-0 114-1 
1-91 0 0-56 200 112-0 112-9 
2°17 0 0-83 133 110-6 110-1 
2-45 0 1-10 100 110-0 109-0 
3-15 0°75 1-05 100 105-0 109-0 
3°85 1-46 1-04 100 104-0 109-0 
4-52 2-20 0-97 100 97-0 109-0 
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The curves in Fig. 3 indicate by a “ break ”’ the point at which the 
double decompositions end, viz., with 1 mol. of potassium cyanide 
in the silver reaction and with 2 mols. in the others. In the cadmium 
curve, the end-point is not definite. The curves also show a change 
in slope during the addition of the potassium cyanide required to 
form the complex cyanide, though it is only in the case of silver that 
the termination of complex formation is marked by a well-defined 
end-point. That potassium cyanide was being removed to form the 
different complexes is apparent from the divergence of the observed 
curves from the upper thin lines, marked KCN, which indicate the 
specific conductivities that would have been found had none of the 
potassium cyanide entered into a further reaction. The broken lines 
represent the contributions to the specific conductivities of the 
potassium nitrate, sulphate, or chloride, formed as the result of 
metathesis. The specific conductivities of these salts in the dilutions 
in which they were formed were calculated from the data published 
in the International Critical Tables. In the first stage of the mercury 
reaction practically the whole of the measured conductivity was due 
to the potassium chloride formed: according to Grotrian (Wied. 
Ann., 1883, 18, 177), the specific conductivity of a mercuric chloride 
solution at a dilution of 59°17 is 5-71 x 10° at 25°. 

The only figures available for the conductivity of potassium 
cyanide are two determinations, viz., of 0-5M- and 1M-solutions, by 
Kohlrausch (ibid., 1879, 6, 1, 145) at 18°. A determination of the 
conductivity of this salt at 25° was therefore carried out at a number 
of dilutions, some of the measured values being quoted below. The 
salt used was a recrystallised “ A.R.” product. 


Conductivities of potassium cyanide at 25°. 
dived ctcidsoscnd 20 40 60 80 100 120 


NE | eer ee 6-85 3°53 2-42 1-84 1-47 1-22 
laptecoscsccospecen 137-0 141-2 145-2 147-2 147-0 146-4 

EP vasebngdisiocsesos 140 160 180 200 220 240 
BOF Sveccates 1-05 0-931 0-834 0-756 0-695 0-639 
iteenensdpsorpacaee 147-0 148-9 150-1 151-2 152-9 153-3 


The analysis of the conductivity measurements given in Table IV 
postulates the formation of complexes of the type K,M(CN), in the 
cases of zinc, cadmium, mercury, and nickel, and KAg(CN), for 
silver. At various points on the curves the specific conductivity of 
the complex is found by subtraction of the specific conductivities of 
the potassium salt formed by metathesis, and of the excess potassium 
cyanide, from the observed specific conductivity. The equivalent 
conductivities of the complexes are then obtained at the respective 
dilutions, and are compared with the values obtained by Walden 
(loc. cit.) for solutions prepared directly from the crystalline bodies. 
It will be noticed that, except for mercury, the figures in the last 
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column are consistently higher than those in the preceding column, 
and that the equivalent conductivities of the complexes decrease 
with increasing concentration of free potassium cyanide. It has 
already been shown that there is a very appreciable concentration 
of cyanide ions in solutions of the complexes, due both to hydrolytic 
action and to the ionisation of the complex anion, and hence the con- 
ductivity of such solutions would tend to be higher than if the com- 
plex merely ionised normally. Presence of free potassium cyanide 
would repress this dissociation and so give a truer value of the con- 
ductivity of the complex salt. The values obtained by Walden were 
made with solutions in which the simple cyanides, as will be under- 
stood from the reactions here investigated, are only just held in 
solution, and further dissociation of the complex anion is at a maxi- 
mum. It is noteworthy that, in the case of silver, where hydrolytic 
action is negligible, the values obtained by the authors are in closest 
agreement with those of Walden. 


Summary. 

(1) The progressive formation in dilute solution of the complex 
cyanides of silver, zinc, cadmium, mercury, and nickel has been 
investigated by means of (a) the glass electrode, (b) metal-electrode 
potentials, (c) conductivity measurements. 

(2) The amounts of free cyanide ions in the complex cyanide 
solutions have been calculated from the p, values and extents of 
hydrolysis, and evidence has been secured for Ag(CN),’ and M(CN),”; 
where M = Zn, Cd, Hg, Ni. With cadmium, there also exists an 
anion having a lower cyanogen content. 

(3) The metal-potential curves usually comprise a distinct section 
corresponding to complex formation. In the case of silver, satis- 
factory values of the solubility product [Ag*)[Ag(CN),’] have been 
calculated. The “ instability constants ” of the complex ions, except 
in the case of Ag(CN),’, are shown to increase with increasing propor- 
tion of cyanide. 

(4) A determination of the hydrolysis of the mercury complex 
cyanide in the presence of varying amounts of free potassium cyanide 
has been carried out. 

(5) The conductivity of potassium cyanide has been measured at 
25° for a number of dilutions. 


The authors wish to acknowledge a grant made by the Govern- 
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265. Physicochemical Studies of Complex Acids. 
Part VII. Glass-electrode Titrations of Vanadic 
Acid. 


By Husert Tuomas Stantey Brirron and Ropert ANTHONY 
ROBINSON. 


CoNDUCTIVITY measurements (Part II, J., 1930, 1261) have shown 
that the various sodium vanadates on treatment in solution with 
hydrochloric acid are readily converted into a stable complex vana- 
date of the approximate composition, Na,O,2V,0,. If, however, 
the acid be insufficient to form such a complex, there occurs a 
gradual change with time in the constitution of the alkali vandate. 
As a rule, this change requires several days, but boiling was found 
to bring it to completion almost instantaneously. The electrodes 
normally employed to measure py fail in the presence of vanadic 
acid, and the complete investigation of its acidie nature was not 
then possible, but the glasselectrode has now been found not to 
suffer from this disadvantage, and experiments performed with its 
aid are described. 
EXPERIMENTAL. 

Solutions of the three sodium vanadates, 3Na,0,V,0,,2Na,0,V,0,, 
and Na,O,V,0,, were prepared and back-titrated with hydrochloric 
acid at 18°. The py values were measured throughout these titrations 
by means of the glass eleetrode, a condenser, and a sensitive ballistic 
galvanometer (see Britton and Robinson, T7'rans. Faraday Soc., 1932, 
28, 531). In another set of experiments, three series of alkali 
vanadate solutions were treated with various amounts of hydro- 
chloric acid corresponding to different stages of the previous titrations, 
each mixture was heated to boiling, cooled to 18°, and the py value 
then determined. Solutions of the first two vanadates, viz., the 
so-called ortho- and pyro-vanadates, were prepared by boiling 
vanadium pentoxide with sodium hydroxide solution in the requisite 
proportions, whilst the solutions of the so-called metavanadate were 
made by boiling ammonium metavanadate with the stoicheiometric 
amount of a sodium hydroxide solution in a current of carbon 
dioxide-free air. All these solutions developed a yellow colour on 
the addition of the even the smallest amount of acid, the colour be- 
coming more intense in the case of the solutions of low pg. Boiling, 
however, caused those solutions containing vanadates of com- 
position between 3 and 1 mols. of Na,O to 1 mol. of V,0, to become 
colourless again. Those solutions which had been treated with 
more acid than that required to form the 1 : 1-vanadate could not 
be decolorised, even on boiling. Red precipitates could be obtained 
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from solutions to which more acid had been added than was required 
to liberate “‘ vanadic acid,’ although the precise point at which the 
separation began depended, not only on the concentration of the 
free hydrochloric acid, but also on the vanadium concentration and 
on the duration of boiling. 

The py data obtained during the three immediate titrations at 18° 
are plotted in Fig. 1 as curves A, B, C, beginning respectively with 
abscisse at 0, 1, and 2 equivs. of hydrochloric acid. The undulating 
curve shown by the heavy line represents the variation in hydrogen. 
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ion concentration brought about by boiling each solution. With 
the exception of that part of the curve lying below p, 3, the three 
curves are coincident over the corresponding stages of the reaction. 
The observations from which the major part of the heavy curve was 
constructed are given in Table I: in each case, after the addition 
of the acid, the solution was boiled and then cooled to 18°. The 
ratios HCl/Na,VO,, etc., are expressed in mols. 

The inflexions marking the termination of the first two sections of 
the heavy curve in Fig. 1 occur when 1 and 2 mols. respectively of 
hydrochloric acid are added to 1 mol. of Na,VO,. The shapes of 
these sections are similar to those produced during the addition 
of 2 equivs. of a strong acid to the sodium salt of a tribasic acid 
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TaB_E I. 
(a2) Py Values of 100 c.c. of 0-00833M-Na,VO, + x c.c. of 0-2N- 

HCl. 

Third Stage : 


aie tednmaneaneie’d 0 1-04 1-56 2-08 2-60 3:13 365 4-17 
Hol/Ne,VO, pa eews 0 0:25 0-375 0-50 0-625 0-75 0-875 1-0 

Sadsahncdadgissisé 11:74 11-60 11-49 11-35 11-12 10-83 10-45 10-12 
Brivciynic, $ % 49 48 45 41 32 25 21 
DE, sacoccdoccscens 11-72 11:79 11-77 11-72 11-58 11-47 11-41 
Second Stage 

LIRR EA 5-0 6-0 6-25 7-0 7:5 8-3 
HCi/Na,VO, cos 120 1-44 1-50 1-68 1-80 2-0 
Mie. senboddep sons osioge 9-46 9-14 9-07 8-63 8°47 7-50 
Phy  rerecccccveeese 8-86 9-04 9-07 8-96 9-07 _ 
First Stage 

nciamndinnsbbeins 9-0 10-0 12-5 15-0 30-0 
HCi/Na,VO, coe, 2G 2-40 3-0 3-6 7-2 

eek sbb Jedeabbocces 6-50 6-21 2-60 2-09 1-54 

Pu (cale.) ......06 2-53 2-14 1-53 


Na,O,2-5V,0, ), assumed at 10-83 c.c. 


(b) py Values of 100 c.c. of 0-0125M-Na,HVO, + « c.c. of 0-2N- 
HCl. 


Second Stage : 

abaispetsemanion 0-78 1-56 2-34 3-13 3-91 469 5-47 
HCi/Na,HVO, 0-125 025 0375 0-5 0-625 0-75 0-875 
EE Fae 9-67 9-36 9-17 9-04 8-85 8-61 8-20 
ie ae 8-82 8-88 8-95 9-04 9-07 9-09 9-05 


ONE Rt A 625 9 11 12 12-5 16 29 
HCi /Na,HVO,... 1-0 1:44 1-76 192 20 256 4-64 
i ssdsbcecdide sdk 760 615 298 270 230 210 1-60 
Py (cale.) «ss... a 274 245 2-35 1:99 1-58 


Na,O,2: BV, O, assumed at 10-0 c.c. 


(c) pa Values of 100 c.c. of 0-025M-NaH,VO, + «x c.c. of 0-2N- 
HCl. 


First Stage, Part 2. 


sbbbscoaccsbebadds 0-78 1:56 2-34 3:13 3-91 469 547 7-0 
HCi/Nali,VO,.. 0-06 0-125 0-18 025 032 0-375 0-44 0-56 
Die necssnancotpnagece 685 665 653 644 635 624 606 4-90 
First Stage, Part 1. 

asccoqscobunnsaess 8-0 8-6 9-0 10-0 12-5 16-0 26-0 
Hcl/Nati,VO, 0-64 0-69 0-72 0-80 1-0 1-28 2-08 

Sebdtsbbscsvesates 3-37 2-76 2-61 2-40 2-20 1-86 1-56 
. (cale.) .....006+ 303 2-69 2-56 2-34 2-05 1-83 1-53 


Na,O,2-5V,0, assumed at 7-5 c.c. 


of which K, is about 10 and K, about 10-5. Accordingly, values 
of px, and px, have been calculated (see Britton, ““Hydrogen Ions,” 
2nd Edn., 1932, p. 145) and are given in Table I (a) and (6) corre- 
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from solutions to which more acid had been added than was required 
to liberate “‘ vanadic acid,’ although the precise point at which the 
separation began depended, not only on the concentration of the 
free hydrochloric acid, but also on the vanadium concentration and 
on the duration of boiling. 

The p, data obtained during the three immediate titrations at 18° 
are plotted in Fig. 1 as curves A, B, C, beginning respectively with 
abscisse at 0, 1, and 2 equivs. of hydrochloric acid. The undulating 
curve shown by the heavy line represents the variation in hydrogen- 
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ion concentration brought about by boiling each solution. With 
the exception of that part of the curve lying below p, 3, the three 
curves are coincident over the corresponding stages of the reaction. 
The observations from which the major part of the heavy curve was 
constructed are given in Table I: in each case, after the addition 
of the acid, the solution was boiled and then cooled to 18°. The 
ratios HCl/Na,VO,, etc., are expressed in mols. 

The inflexions marking the termination of the first two sections of 
the heavy curve in Fig. 1 occur when 1 and 2 mols. respectively of 
hydrochloric acid are added to 1 mol. of Na,VO,. The shapes of 
these sections are similar to those produced during the addition 
of 2 equivs. of a strong acid to the sodium salt of a tribasic acid 
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TaBLeE I. 


(a) Pu Values of 100 c.c. of 0-00833M-Na,VO, + « c.c. of 0-2N- 
HCl. 


Third Stage: 


ccineteinee 0 104 156 2-08 260 3:13 365 417 
Hal/NesVO, posees 0 0-25 0-375 0-50 0-625 0-75 0-875 1-0 

sadsproraccesensns 11-74 11-60 11-49 11-35 11-12 10°83 10-45 10-12 
Ppavcipsin. %... 49 48 45 41 32 25 21 
Diy devvcssocccsces 11-72 11-79 11-77 11-72 11-58 11-47 11-41 
Second Stage 

saveperersivnsnece 5-0 6-0 6-25 7-0 7-5 8-3 
HCi/Na,VO, oo. 1°20 1-44 1-50 1-68 1-80 2-0 
Pay cocbodccpcerccdvts 9-46 9-14 9-07 8-63 8°47 7-50 
eet ane ar 8-86 9-04 9-07 8-96 9-07 — 
First Stage : 

iggvopqroceoddenne 9-0 10-0 12-5 15-0 30-0 
HCi/Na,VO, coe 2°16 2-40 3-0 3-6 7-2 
De cckecdcccoescoeces 6-50 6-21 2-60 2-09 1-54 
Py (cale.) ......... 2-53 2-14 1-53 

Na,0,2- ‘5V,0, ), assumed at 10-83 c.c. 


(6) pu Values of 100 c.c. of 0-0125M-Na,HVO, + x c.c. of 0-2N- 
HCl. 


Second Stage : 

saebhineecaeseste 0-78 1-56 2-34 3-13 3-91 4:69 5-47 
HCi/Na,HVO,.. 0-125 0-25 0-375 0-5 0-625 0-75 0-875 
eR scnierncessteeeten 9-67 9-36 9-17 9-04 8-85 8-61 8-20 
DEEL papscoceeseunin 8-82 8-88 8-95 9-04 9-07 9-09 9-05 
First Stage : 

a ee 6-25 9 1] 12 12-5 16 29 
HCi/Na,HVO,. 1-0 1-44 1-76 1-92 2-0 2-56 4-64 
it cdsissvncddecshies 7°60 6-15 2-98 2:70. 2°30 2-10 1-60 
Puy (cale.) ..:...4.- 2-74 2-45 2-35 1-99 1-53 


and: 20,2: BV, O, assumed at 10-0 c.c. 


(c) pa Values of 100 c.c. of 0-025M-NaH,VO, + 2x c.c. of 0-2N- 
HCl. 


First Stage, Part 2. 


bkbonansaseseresve 0-78 1:56 2-34 3-13 3-91 469 56-47 7-0 
HCi/Nali,VO,... 0-06 0-125 0-18 0-25 0-32 0375 0-44 0-56 
Te cnognennconppedece 685 665 653 644 635 624 606 4-90 
First Stage, Part 1. 

neosongensecedsess 8-0 8-6 9-0 10-0 12-5 16-0 26-0 
HoliNati¥6, 0-64 0-69 0-72 0-80 1-0 1-28 2-08 

SbSsucbbocedescces 3-37 «962-76 S261 2-40 2-20 1-86 1-56 
a. feales) «sss. 303 2-69 2-56 2-34 2-05 1-83 1-53 


Na,O,2-5V,0, assumed at 7:5 c.c. 


of which K, is about 10 and K, about 10-5. Accordingly, values 
of px, and px, have been calculated (see Britton, “Hydrogen Ions,”’ 
2nd Edn., 1932, p. 145) and are given in Table I (a) and (6) corre- 
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sponding to numerous py values recorded for increasing amounts of 
hydrochloric acid. The values of pg, show greater variations 
(11-41—11-79) than can be attributed to experimental error, whilst 
the mean values of px, in the two sections are 8-99 and 9-00 re- 
spectively, the deviations being attributable to experimental error. 
In view of the difference in concentration of the vanadate solutions, 
this constancy and agreement of px, appear to provide definite 
evidence for the existence of the ionic equilibrium H,VO,’ = 
H’ + HVO,”. In spite of their variation, the values of px, might 
be considered to afford some indication of the further ionisation 
HVO,” = H’ + VO,’”. Hence the first two sections of the 
heavy curve would correspond to the reactions Na,VO, +- HCI—> 
NaCl + Na,HVO, and Na,HVO, + HCl—-> NaCl + NaH,VO,. 

_ The high pg values prevailing during the addition of the first 
equivalent of hydrochloric acid to the sodium orthovanadate 
solution reveal that the salt must be considerably hydrolysed, 
apparently in consequence of the ionic reaction VO,’” 4+- H,O == 
HVO,” + OH’. Calculations have been made of the extent of 
the hydrolysis of the sodium orthovanadate remaining in solution 
after the various amounts of hydrochloric acid had been added. 
The figures given in Table I (a) show that the 0-00833M-sodium 
orthovanadate solution was hydrolysed to the extent of 49%. 
During the decomposition reaction with hydrochloric acid, 
owing to the increasing concentration of HVO,” ions, this amount 
became gradually reduced to 21% when 0-875 equiv. of acid had 
reacted. In comparison, solutions of so-called sodium pyrovanadate, 
Na,V,0, or more probably Na,HVO,, are but little hydrolysed. 
This is in agreement with the conductometric curve of sodium 
orthovanadate given in Fig. 1 of Part II (loc. cit.), which shows 
that a rapid diminution in specific conductivity occurred during the 
reaction with the first equivalent of hydrochloric acid at which a 
definite “‘ break ”’ appeared. This change was brought about by 
the removal of the hydroxyl ions by the direct conversion of the 
hydrolysed alkali into sodium chloride. 

After the reaction with 1 equiv. of hydrochloric acid, there was a 
gradual variation in conductivity until 2-57 equivs. had reacted. 
From the heavy curve in Fig. 1 it is seen that this amount of acid 
corresponds almost to the middle point of the final inflexion. The 
actual points of flex in each of the curves given by the data in Tables 
I (a) and (c) correspond more closely to 2-6 equivs., the complex 
vanadate in solution then being Na,O,2-5V,0,;. There is but little, 
if any, definite indication in the conductivity curve of the variation 
in the type of sodium vanadate existing during the reaction from 
2-0 to 2-6 equivs. of acid, but the pg, curve provides adequate evidence. 











int 


he 


a 











PHYSICOCHEMICAL STUDIES OF COMPLEX ACIDS. PART Vil. 1959 


As previously stated, there appears to be satisfactory evidence that 
under equilibrium conditions solutions of sodium 1 : 1-vanadate 
(considered to be the salt of metavanadic acid, NaVQ,) contain the 
salt in the form NaH,VO,. If this be the case, then the reaction . 
with the 0-6 equiv. of hydrochloric acid required to bring about a 
considerable increase in hydrogen-ion concentration might be 
expressed by the equation 
2-5NaH,VO, + 3HCl = Na,0,2-5V,0; + 3NaCl + 5H,O 
ie., 5H,VO,’ + 3H’—~> (V,0,;),,0” or 10H,VO,’ + 6H°—> 
(V,0;),0,”””. 
If this is so then that part of the titration curve corresponding to 
the addition of 0-6 equiv. of acid to the 1 : 1-salt should be governed 
by equations of the type 


K Reg: [H,VO,'}{H'?/ [(V,05)25077] 


or K, = [H,V0,'}°(H"}*/[(V.0;),0.""”’1]. 

Calculations made on this basis yield the following table : 

HCl, c.c....... 0°78 1-56 2-34 3°13 3-91 4-69 5-47 
PE) seo coveneds 25-5 25-5 25-6 25-8 26-15 26-4 26-7 
Dy. ovr cccrerene 53-6 53-4 53-5 53°7 54:3 54°8 55-2 


In calculations involving complex equilibria of this type it is easy 
to let an arithmetical calculation outrun the experimental accuracy ; 
consequently it is not claimed that the moderate agreement between 
the above px values establishes the existence of definite chemical 
anions of the type (V,05);90.. It does, however, furnish 
evidence that polymerisation occurs in these solutions, the heavy 
ions formed probably not being definite in structure and possibly 
not homogeneous in composition. 

Conductivity measurements showed that only 2-6 equivs. of hydro- 
chloric acid react with each mol. of sodium orthovanadate, for it was 
found that beyond that amount the acid remained as such. Similar 
observations are now obtained from the py data in Table I. The 
last line of each tabie gives py values calculated on the assumption 
that after sufficient acid had been added to form the complex, 
Na,0,2:5V,0;, no further decomposition of the polyvanadate 
occurred. These values are seen to be in fair agreement with those 
actually observed (preceding lines), especially in the more acid 
solutions. It appears, therefore, that vanadium pentoxide does not 
exist alone in strongly acid solutions, but in the state of an alkali 
polyvanadate, of approximate composition Na,O,2-5V,0O,. 

Curves A and B in Fig. 1, which refer to the action of hydrochloric 
aid at 18° on sodium ortho- and pyro-vanadate solutions re- 
spectively, show that higher p, values prevailed than in the case of 
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the corresponding solutions that had been boiled. Except for a 
slight inflexion in curve A, no well-defined inflexions were produced 
until the acid was added in the amounts necessary to form the 
complex salt, Na,O,2-5V,0,. Further, the two solutions became 
coloured immediately on the addition of the first drops of hydro. 
chloric acid, and remained yellow throughout the whole titrations. 
It has already been stated that only those solutions which contain 
vanadates, xNa,0,V,0;, in which x<1, can be decolorised by 
boiling. In view of the foregoing observations on the direct form- 
ation in solution of the complex polyvanadate from sodium meta- 
vanadate, it seems certain that the yellow coloration must be 
attributed to the production of the sodium polyvanadate. 

On comparing the analogous conductometric curves (Fig. 1, C, 
and D, Part II) corresponding to the addition of hydrochloric acid to 
sodium orthovanadate solutions, it is seen that the slope of the 
direct titration curve is similar to that obtained with boiled solutions 
until 1 equiv. of acid had been added. The conductivities observed 
in the direct titration were, however, slightly higher. Since the 
3: 1-salt is hydrolysed to a considerable extent into free alkali and 
the 2: 1-salt, it would appear that much of the diminution in the 
specific conductivity is due to the neutralisation of this free alkali; 
nevertheless, curve A of Fig. 1 shows that even when sufficient acid 
has been added to form the 2: 1-salt more alkali is present than 
would have been the case if conversion had been complete, and 
similarly for curve B. It must, therefore, be concluded that, 
accompanying the conversion of the 3: 1-salt successively into the 
2:1- and the 1: 1-salt, there is a direct formation of the complex 
vanadate Na,O,2-5V,0;. It is not clear why curve C is slightly 
lower than the curve obtained as the result of boiling. 

It is now possible to understand the conductometric curves 
(Fig. 2, Part II) representing the acid titration of salts intermediate 
in composition between the 3:1- and the 2: 1-vanadate. Each 
solution underwent an initial diminution in conductivity on the 
addition of acid, the extent of this diminution becoming less as the 
composition of the 2: 1-salt was approached. This decrease in 
conductivity is to be attributed to the neutralisation of the free 
alkali which is present in any solution containing a vanadate of 
composition between these limits. On the other hand, the con- 
version of the 2: 1- into either the 1: 1-salt or the complex and 
equivalent amounts of sodium chloride produces very little change 
in the total conductivity of the solution, and consequently the acid 
titration of salts richer in vanadium pentoxide than the 2: 1-salt 
proceeds with little change in conductivity and is practically 
independent of any intermediate boiling during the titration, 
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although such boiling produces a considerable change in the nature 
of the py curves. 

Titration of Sodium Vanadates with Acetic Acid.—Solutions of the 
3:1-,2:1-, and 1: 1-vanadates were boiled with acetic acid in 
ratios similar to those recorded in Table I, and their py values were 
determined at 18°. From these data the titration curves of the 
three vanadates were constructed; they were identical with the 
corresponding curves for hydrochloric acid over the major portion 
of the titration, i.e., from the orthovanadate to the formation of the 
complex at 2-5 equivs. of acid. Beyond this point py values were 
registered corresponding to buffered solutions of sodium acetate— 
acetic acid. Solutions of the three vanadates were also titrated 
directly with acetic acid, and the titration curves resembled the 
corresponding curves with hydrochloric acid (Fig. 1; curves A, B, 
and C), but were about 0-1p, unit lower during most of the titration. 
It is evident that hydrochloric and acetic acid act in a similar way on 
the vanadates of sodium, leading ultimately to the formation of a 
complex, in composition between the metavanadate and the hypo- 
thetical vanadic acid. 

From the py values of solutions to which more acetic acid was 
added than was required to form the complex, the composition of — 
this complex was determined as follows: from the py value the 
ratio of acetate ion to undissociated acetic acid can be calculated, 
and since the total amount of acetic acid added is known, the 
amount which has formed sodium acetate by decomposition of the 
vanadate can be found; i.e., the extent to which the sodium vana- 
date is broken down can be calculated. The degree of dissociation 
of the sodium acetate was taken as 90%. Table II illustrates the 
results of calculations with the py, values corresponding to the 
addition of excess acetic acid to the 2: l-vanadate, both with and 
without boiling after addition of acid. 


TaB.e II, 
Glass electrode titration at 18° of 100 c.c. of 0-025M-NaH,VO, 
with 0-16N-acetic acid: (a) immediately, (6) after boiling. 


HOAcg, c.c....... 10 12 12-5 15 20 25 40 50 


ie. Ree 5°15 483 468 444 426 403 38-87 
[OAc’]/[HOAc]} 2-83 1:26 0-89 0-51 0-34 0-20 0-14 
2-0 


SD IRM - cpurcosss 19 #19 #=+219 #=%18 19) 17 
ee — 4°" "SH tao eae 

[OAc’][HOAc] — 158 — — 051 040 — 6-16 
,0,/Na,0_ ......... ee | ees er ee ee 


The composition of the complex in this case is Na,O,1-9V,0,. 
Similar experiments with the pyrovanadate led to the same formula. 
Apparently, therefore, the complex formed with acetic acid is 
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somewhat richer in base than that formed with a strong acid. The 
curves in Fig. 1 show that the formation of Na,O,2V,0, occurs at 
Pu 5-7, while a py of 4 is required for the formation of Na,O0,2-5V,0, ; 
although the latter pq is easily attained by the addition of a strong 
acid, it is difficult to reach it with acetic acid, unless large amounts 
are used. It is possible that the Na,O,2V,0,; complex is also formed 
during the addition of a strong acid, but, owing to the lower p, 
subsequently attained, it is further transformed into Na,O,2-5V,0, 
or possibly into a mixture of Na,0,2V,0, and Na,O,3V,0;. 

The titration curves with acetic acid are of interest in considering 
the crystallisation of polyvanadates from solutions of the meta- 
vanadates acidified with acetic acid under different conditions. A 
large number of alkali-metal polyvanadates have been described, 
but the existence of so many separate compounds is very doubtful. 
It is remarkable, however, that Lachartre (Bull. Soc. chim., 1924, 
35, 321) isolated the ammonium 2 : 3-vanadate by the action of 4% 
acetic acid on the 1 : 1-vanadate, whereas 10% acetic acid yielded 
the 1: 3-salt. Similarly, Ditte (Compt. rend., 1887, 104, 1061) 
obtained the sodium 2 : 3-vanadate from the 1 : 1-vanadate acidified 
with small quantities of acetic acid, and Rammelsberg (Wied. Ann., 
1883, 20, 934) found that a large excess of acetic acid was required to 
form the 2: 5-salt. Similar principles explain the observation of 
Friedheim and Michaelis (Z. anorg. Chem., 1893, 5, 441), that accord- 
ing to the amount of sodium dihydrogen phosphate added to a 
solution of sodium 1 ; l-vanadate the 4:7- or the 5: 8-compound 
can be crystallised. 

Titration of “ Vanadic Acid” with Aikalis.—To see whether any 
evidence could be obtained for a normal behaviour of vanadic acid, 
comparable with that of phosphoric acid, solutions were prepared 
by adding hydrochloric acid to alkali vanadate solutions in amounts 
calculated to give “ vanadic acid,” H,VO, or HVO,; these were then 
titrated with alkalis, as follows: (a) 0-025M-H,VO, with 0-2N- 
NaOH, (5) 0-025M-H,VO, with 0-14N-NH,OH, (c) 0-01M-H,VO, 
with 0-04N-Ca(OH),, (d) 0-01M-H,VO, with 0-05N-Ba(OH),. 

The solutions were yellow at the beginning of the titration and 
remained so throughout. A precipitate appeared in the titration 
with baryta when 0-75 equiv. had been added. No precipitate 
appeared during the titration with lime-water, although there was 
considerable precipitation when the solution to which excess of 
lime-water had been added was allowed to stand. The pg values 
observed during these titrations are shown in Fig. 2. These curves 
are quite unlike the corresponding curves for the titration of 
phosphoric acid with alkalis.. There is a very rapid decrease in the 
hydrogen-ion concentration after the addition of approximately 0-4 
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equiv. of alkali, corresponding to Na,O,2-5V,0;. The “ break,” 
however, is not sharp as in the titration of a simple acid, but extends 
over the addition of 0-2 equiv. of alkali. Moreover, except in the 
ammonia titration, the addition of 70% of the amount of alkali 
required stoicheiometrically for the formation of the metavanadate 
raises the py of the solution to about 11, a value in excess of that 
required to form the pyro-salt and comparable with that set up by 
the orthovanadate. 
Fie. 2. 
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These titrations can, however, be accounted for if a stable complex 
molecule is formed by the addition of acid to the metavanadate 
during the formation of “ vanadic acid,” corresponding approxi- 
mately to the ratio Na,O,2-5V,0;. The first part of the curves then 
corresponds to the neutralisation of the free hydrochloric acid 
present in the solution. During the somewhat protracted increase 
in the py in the vicinity of 0-4 equiv. of alkali, most of the added 
alkali remains free, but a portion slowly breaks down the poly- 
merised complex into simpler molecules containing a somewhat 
greater amount of alkali, the reaction being slow owing to the 
complex nature of the vanadate ion. After this depolymerisation, 
the complex resists further attack by the alkali, and the titration 
curve then corresponds to the excess alkali added, no inflexions 
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appearing in the curve at points corresponding to the pyro- or the 
ortho-vanadate since these salts are only formed on long standing — 
of the alkaline solution of the complex. 

These potentiometric titrations are consistent with the parallel 
conductometric titrations recorded in Fig. 3 of Part II of thig 
series. These curves also illustrate the initial neutralisation of free 
hydrochloric acid, followed by an increase in conductivity due to the 
added alkali. The conductometric curves show no evidence of the © 
formation of pyro- or ortho-salts on direct addition of alkali to 
* vanadic acid.” 
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